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SYMBOLS If SERVI 


For tliirty-one years, the American 
Chemical Society ''Committee on Ana- 
lytical Reagents” has served the chem- 
ical profession well. Its specifications 
governing reagents "suitable for careful 
analytical work” are the universally ac- 
cepted standards by which laboiatory 
chemicals are judged. The mark 
"A. C. S.” on a reagent is symbolic of 
highest chemical quality and uniformity. 


Since the first A. C, S. specification was 
written, Baker & Adamson has made 
these impartial standards of the chemical 
profession its guide in reagent manufac- 
ture . . . recognizing thaL rigid adherence 
to predetermined specifications is live 
essence of uniformity so necessary in 
reagents. 

And, where A. C. S. specifications do 
not exist, B&A has established its own 


equally strict standards of purity —thus 
continuing its policy, horn 67 years ago, 
to bring America’s chemists the finest in 
Jaboratoiy chemicals. In such a way, 
B&A continues to serve . . . and to set the 
pace in chemical puiity. 

The high regard in which chemists 
hold reagents hearing the B&A ''Shield 
of Quality” is more than a point of ptide; 
iL is a responsibility always to lie upheld. 



Baker Adamson 

GENERAL CHEMICAL DIVISION 

ALLIED CHEMICAL & DYE CORPORATION 

m, m. »m m, m, mm m, »40 RECTOR STREET, NEW YORK 6, N. V,<m m* *• m* mm m* *m m 

Offices: Albany* * Atlanta • Baltimore * Birmingham* • Boston* • Bridgeport* * Buffalo* * Charlotte* 
Chicago* * Cleveland* - Denver* * Dermic* • Houston* * Kansas City * Los Angeles* * Minneapolis 
New York* * Philadelphia* • Pittsburgh* • Portland (Ore.) • Providence* • Sc. Louis* • San Francisco* 
Seattle • Wenatchee (Wash.) * Yakima (Wash.) 

In Wisconsin: General Chemical Company, Inc,, Milwaukee, Wis. 

In Canada: The Nichols Chemical Company, Limited • Montreal* * Toronto* • Vancouver* 

SETTING THE PACE IN CHEMICAL PURITY SINCE 1882 

* Complete Stocks are carried here. 



PEARLS OF WISDOM ON A COUNTRY ROAD! 


T HAT little sign, which appears on the side of an 
obscure countiy road, should be blazoned across the 
desk of every man whose business career is still ahead 
of him. 

Its moial is plain. What you do today detei mines what 
you will be tomorrow. Consciously 01 not, every man 
chooses his own path. 

This very day, the choice between success and failure 
stands staikly befoie you. 

Success doesn’t cf just happen.” It is rarely a product 
of chance or circumstance, never achieved by wishful 
thinking. 

Success in business is planned. It is the result of a 
positive program of action. 

How The Institute Can Help 

The Alexander Hamilton Institute can help you speed up 
your progress in business. It can supply systematic guid- 
ance, inspiration and a thorough training in the funda- 
mental principles of business. 

But die Institute works no miracles. It can do nothing 
for men who lack ambition and determination; it cannot 
open magic portals for those who seek quick and easy 
success. 


\\ Iffl \ Send for "FORGING AHEAD IN BUSINESS" 

\\ \ The Institute’s executive-training program is 

\\ \ fully described in a stimulating 64-page book- 

\\ vJp** \ let—' "Forging Ahead m Business ” There is no 

\ charge for the book because, frankly, it is worth 

tmLn \ on ly what you make it woith. Some men glance 

(Hr^ through it and toss it aside. Others have found 

I ffk. 7 m T a ioitune in its pages. 

\fiunnesj' If you are interested enough in yom business 

future to devote one hour to the study of a plan 
that has meant rapid progress to thousands of men, send for 
"Forging Ahead in Business” today. Fill out and return the coupon 
below; youi complimentary copy will be mailed to you promptly. 

ALEXANDER HAMILTON INSTITUTE 

Dept. 656, 71 West 23rd Street, New York 10, N. Y. 

In Canada: 54 Wellington Street, West, Toronto 1, Ont. 


ALEXANDER HAMILTON INSTITUTE 

Dept. 656, 71 West 23rd Street, New York 10, N. Y. 

In Canada: 54 Wellington Street, West, Toronto 1, Ont 

Please mail me, without cost, a copy of the 64-page book — 
"FORGING AHEAD IN BUSINESS.” 


Firm Name. 
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Business Address . 


Position 
Home Address 
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HELP 

THE WORLD'S 
BIGGEST EYE 
PULL DOWN 
THE STARS 


The 200-inch mirror of the giant telescope at 
Palomar is coated with a micro-thin film of 
aluminum applied under low absolute pres- 
sure produced by Kinney High Vacuum 
Pumps, This reflective surface of tremendous 
light-gathering power, vastly superior to ordi- 
nary silver coatings, will permit scientists to 
probe the outermost fringes of the universe. 

The everyday work of Kinney High Vacuum 
Pumps, while less spectacular, is producing 



Kinney Single Stage Pumps’ 
are available in 8 sizes with 
displacements from 13 to 702 
cu. ft. per min. Will test to 
low absolute pressures of 10 
microns or better. 


1 


many new products of headline importance. 
Kinney Pumps are "standard practice" in ex- 
hausting lamps and tubes, producing drugs, 
sintering metals, coating lenses, dehydrating 
foods and performing countless other low 
pressure operations. These pumps are de- 
pendable — and economical — in any range 
of vacuum, high or low, down to 0.5 micron. 

Write for your copy of illustrated Bulletin 
V-45 describing the full line of Kinney High 
Vacuum Pumps. 



Kinney Compound Pumps are 
available in 2 sizes with dis- 
placements of 15 and 46 cu. 
ft. per min. They test to low 
absolute pressures of 0.5 mi- 
cron or better* 


KINNEY MANUFACTURING COMPANY 

3583 WASHINGTON ST., BOSTON 30, MASS. 

New York ,* Chlcogo * Cleveland • Philadelphia * Los Angeles * San Francisco 

FOREIGN REPRESENTATIVES 

GENERAL ENGINEERING CO. (RADCLIFFE) LTD*, Station Works, Bury Road, Radcliffe, Lancashire, Enaland 
HQRROCKS, ROXBURGH PTY., LTD., Melbourne, C.l. Australia 
W. S. THOMAS & TAYLOR PTY*, LTD., Johannesburg, Union of South Africa 
NOVELECTRIC, LTD , Zurich, Switzerland 




Sirs: 

Two [)iihsii£i\s from your interesting No- 
vember issue are ilhisij alive of something 
or ollieu 

“INo biological pimciple is cleat ci than 
llial (*viM y living dung -1mm man wilh 
his rapaciously expanding control over 
the envh omnenl, to the patient, insensible 
slime mold- -Jives in harmonious adjust- 
ment lo the conditions ol ils life.” From 
“Gulliver Was a Had Biologist,” by Flor- 
ence Moog, page 55. 

“The human brain may be as far along 
on ils road Lo dosliuelive specialization as 
the gieal nose horns of the Iasi ol dm 
lilanolberesT From “Cybernetics,” by 
Norberl Wiener, page J8. 


G. E. GATES 


Biology Department 
Colby College 
Wnterville, (Vie, 


Sirs: 

Some i (‘marks in a letter by Mary van 
Kleee.k, published in the Novembet issue 


Libnify Jbindcru to fnrseive whh<*« ol (ho new 
hui.vuvu Amnucan may bo ohluinul by writing 
StUN'mu Ami.uk an, 24. Wont ‘KHIi Sheet, New 
Vuik III, N V. Knelt hinder, coveted with dmk 
Fnbiikuid, will hold 12 jhsuch of tho 
Snuvnni Amhiuan. l’uro $2.50* 


Scientific Aimndeuu, Juumny l f M-U; Vol. lt(0, No. 
1. PuMIhIioiI monlhly by hen niilm American, 
lint,, Soionlihe American llmbling, 24 Went 40lh 
Snoot, Now York 111, N, Y.; Gened Pud, piemdetii; 
lhnniH I’Tunngun, vine pmudcni; Donald 11 Miller, 
Ji., vice pirnident and UiMiKuuM' kn loll'd m iho 
New Yolk, N* Y PohI Ollier nn tre ciiicl-c maUir 
I lino 211, 1(17*1, ntidet art ol Minch ,1, 1(1711, Addi- 
tional enuy at Greenwich, Conn, 

FiliUirlnl corroHpoiidnmio should hr add r caned to: 
Tho ImIuoi'h, Si n.N'in it, Amijukan, 24 Went, 40 lh 
Siirrl, Now York III, N. Y MuniHcupls an* mill* 
muted ut ihr iiuthm’s oak and will not ho returned. 
unJesH uneompiMied by postage, 

AiIvociIhIk^ eorreapondeiien should bn ad di cased 
to (illation ft. Kami, Ailvrri isuif; Uirrrior, Siiijn* 
ntic Aatkhk.AM, 24 WnM, 4Ull» Street, Now Yoik lit, 
N. Y. 

Subscription < orrespondenoo should bo ml- 
drowned lo T. J. ftueey, Circulation Direr tor* St, urn- 
Time Amjcwian, 24- Wont 40th Stmtl, Now Ymk 1(1, 
N* Y 

Change of address t Plenum notify tut six weeks in 
advance of ohungr, If available, kindly furimih an 
address impunl fiom it recent notin', Do suje to give 
both old and new addresses, Including postal /,pno 
nwnlmrw, if any. 

Subscription rales for TJ.S.A. and possessions; 1 
year, $5; 2 years, $d , 3 yeais, $12.50. Canada and 
batin America: 1 year, $0 ; 2 yeais, $10 j 3 years, 
$14* AU other countries; 1 ycai, $0; 2 years, $12; 
3 years, $16. 





LETTERS 


BUSINESS IN MOTION 


of Scientific Aw air an, cannot pass with- 
out question or challenge. One of the cu- 
rious aspects of some thinking is a stub- 
born unwillingness to face facts when the 
facts urn against the giain of emotional 
life 

T H Mallhus was one of the most im- 
pel tant and influential writers who evei 
lived. A centuiy ago, the mere leading of 
his book illuminated the thinking of both 
Darwin and Wallace, and today those who 
face the facts of poverty and hunger 
among tlnee fouillis of the people of the 
world know that Mallhus was precisely 
light m pointing out that population tends 
to inciease in geometrical ratio, while the 
productivity of the soil and even of the 
sea cannot possibly exhibit any such 
tendency. 

There are three main reasons why the 
United States could afford to send food 
abioad in the past few years. 

1. There are 15 million fewer horses 
and mules on farms than there were a 
gemmation ago. The land that once had to 
pi oduce corn, oats, and hay foi these ani- 
mals — and the other millions which still 
swarmed in city streets — would pi oduce 
enough food for human consumption to 
lake cate of our own population increase 
in that time. 

v 2 The weather has been highly favoi- 
able for the past several years In the had 
yeais of 1931-1935 our aveiage coin pio- 
d uction was 22.7 bushels to the acre. In 
the good years of 1941-1945 this jumped 
to 32.7 bushels, a gain of 44.7 per cent 

8. We have hybrid coin. This may add 
about one-sixth to our annual productivity 
of this all-important crop. 

It is femmlly to he hoped that Homo 
sapiens will have gumption enough to cut 
his reproduction raLe to fit his food sup- 
ply. Theie is mighty little evidence that 
moie than a ti iflmg minority of the earth's 
billions have that much sense. Even after 
the hoirible slaughteis of wai there are 
mine people in Europe than theie weie 
10 years ago. The facts seem to indicate 
lhat Malthas was right. Hence the post- 
war levival of interest in his thesis and of 
alaim that his piedictions are visibly com- 
ing Uue. 

Your correspondent must also be re- 
minded that science has prolonged the 
expectancy of life. It is highly probable 
that what medical science has done to 
cuib pestilence and save children fiom 
early death has moie than balanced the 
gains in food production due to all the 
other sciences. 


ELBERT H. CLARK 

Hiram College 
Hiram. Ohio 












This is the story of a briefcase with a 
new combination lock In fact, it is the 
story of a growing line of leather goods 
bearing the lock The people who carry 
that luggage probably are conscious of 
nothing except that it looks very well 
indeed, and that the combination lock is 
new m design, easy to operate, and en- 
tirely reliable. What more should they 
ask? 

But there is an inside story that they 
would never dream of They would never 
think that there is any connection be- 
tween a compact car- 
ried by the ladies, 
and a lock on a brief- 
case carried by the 
men. But there actu- 
ally is. You see, the 
leather goods com- 
pany wanted that lock 
to be as near perfect 
as possible. Like any- 
body with a new idea, 
it was fussy about 
reaching for perfection So it went to a 
manufacturing jeweler to have the lock 
made. The idea was that such a company 
certainly could make the lock with the 
necessary beauty, precision and economy. 
It was an excellent idea, though some- 
what unorthodox from the viewpoint of 
those who think only m terms of what 
is called “normal channels of trade.” It 
is a pleasure to report that the asso- 
ciation has proved to be extremely suc- 
cessful. 

Revere entered this picture because 


the jewelry maker is an old customer for 
some of Revere’s finest metals Specifi- 
cations for the lock included the use of 
solid brass for both exposed and operat- 
ing parts for which beauty, reliability and 
corrosion-resistance are required. Die 
castings and also steel are used in their 
appropriate places, thus again demon- 
strating that there is no one metal suit- 
able for every use, but that each metal 
has its proper field Incidentally, solid 
brass is not only used in the lock, but 
also in the handle posts 

This case of the 
combination lock in- 
terests Revere not 
only because it uses 
Revere brass for qual- 
ity, but because it 
represents a lot of 
imagination in select- 
ing a fabricator. If 
a jewelry firm can 
make locks, perhaps 
a coppersmith could 
make earrings, and diversification would 
add to the security and profits of both 
Imagination is a precious thing. Some 
people consider it the most important 
factor m business. Revere thinks it has 
some imagination, as have all good sup- 
pliers to business. Whatever it is you 
make, Revere suggests you ask your 
suppliers to do a little thinking with you 
and for you After all, every bill you pay, 
as well as every one you send out, in- 
cludes an inevitable charge for brains, 
know-how, imagination. 



REVERE COPPER and BRASS INCORPORATED 

Founded by Paul Revere in 1801 

☆ ☆ ☆ 

Executive Offices: 

230 Park Avenue, New York 17, N. Y. 




J ANUARY 1899. “Dr. BecqueicI lias 
announced to the Academy of Sci- 
ences at Palis the discoveiy of a new 
supposedly elementary substance which 
has a close affinity to barium. The cone- 
spondenl who cables the news states that 
its discoveieis M. P. Cuius Mine. P. Cuiie 
and M. G. Bemonl have named it ‘ra- 
dium.’ ” 

“As a lesult of the investigations of 
Prof. Buchnei, of Tubingen, another ol the 
fetiches of old chemistry is destroyed, 
namely, that living cells are neeessaiy Lo 
fennentation Prof. Buchnei grinds yeast 
witli qmntz sand in older to disrupt the 
cells, and submits the moist mass lo a 
pressure of 500 atmospheres. The liquid 
content of the cells is lemoved and the 
cells totally disrupted. The Alien'd liquid 
is of a clear, or slightly opalescent, yellow- 
ish color, retains the odor of yeast, eon- 
tains considerable carbon dioxide and 
some albumen. Most interesting is the be- 
havior of yeast juice towaul sugais, fer- 
mentation being set up much mote quickly 
than by yeast, and proceeding much fast- 
er The gas evolved is almost pure carbon 
dioxide. When carefully dried at low tem- 
perature, the feimenting principle is not 
destioyed, and it is possible that, when 
desiccated, the activity of the ferments 
may be preserved indefinitely.’ 5 

“The expedition which was sent out by 
the Swedish government in search of 
Andree, the Arctic explorer who attempted 
to reach the North Pole in a balloon, has 
relumed fiom Northern Siheiia, when* 
months were spent in fruitless efloil.s to 
learn the fate of Andree and his two fellow 
voyagers. 55 

“As is well known, Napoleon Bonapaite 
died of carcinoma of the stomach, at the 
age of fifty-two, his fatliei having pie- 
viously died, at thirty-eight, of the same 
disease. When Napoleon was bom his 
mother was very young, between sixteen 
and twenty In commenting on these facts, 
Mr. Hutchinson states that cancer is more 
common in the children of aged parents 
than of young ones, and suggests that the 
outbreak of cancer in Napoleon was prob- 
ably due to inheritance.” 

“A highly interesting theory has been 
proposed by Prof. B. Grassi, on the c,on- 
nection between mosquitoes and malaria* 
The theory that these insects disseminate 


.111 Mil lllll YEARS Alill 


the* genus of malaiia by then punctures 
seems to have been fiist hi ought into no- 
tice by Laveran; but Di Gnu-si loi along 
turn* had doubts on the -object, owing lo 
the absence o( malaria fmm mlain dis- 
tricts when* mosquitoes abound. A caielul 
classification of the various species nl gnat 
found in dill omit dislucls has now led 
him to the conclusion l lull, while certain 
kinds an* not confined to nudui iotis le- 
gions, tin* disti ihution of otheis coincides 
very closely with tin* distribution of the 
disease. The common Culcx pipiciis is to 
be legarded as peileetly innocuous. On 
the otliei hand, a large species ( Anopheles 
elaviger, Fabr. ) is constantly found asso- 
ciated with malaria. Those fads open up 
new hopes that it may be possible to stump 
out malaria by taking proper steps f<u the 
destiuelion of mosquito larvae in districts 
where dangerous species abound. 5 ' 

“Prol. Roentgen, the diseoveier of the 
X-rays, has been called to the (Tail ol 
Physics at the University of Leipzig Irom 
the University of Wurzburg.” 

J ANUARY 1849. “Tin* Calilornia gold 
excitement is as strong in our city as 
ever. In one day last week ten vessels 
sailed from this port. Throughout all the 
Slates, the accounts that reach us contain 
evidences of the gold fever raging m al- 
most eveiy hamlet. It is calculated that no 
less than 150,000 emigrants will he on 
then way to California from the Stales in 
two months.” 

“Morse's Telegraph line to Philadelphia 
is now in operation, from the office in 
Hanover street, New York, direct to Phila- 
delphia.” 

“The British Government are going to 
lay telegraph wiies acioss tin* Irish Chan- 
nel, fiom Wales. This is certainly a great 
undci taking for the wires have to he laid 
in pipes in the bed of the sea, a distance 
of 60 miles.” 

“Light travels with the amazing velocity 
of 192,000 miles in a second of time. It 
may be interesting Lo know how philoso- 
phers have been able to determine, with 
such certainty, that light really tiavels 
with the amazing velocity; for the fact b 
known as certainly as any phenomenon in 
nature. The method adopted was the fol- 
lowing: — The eclipses of the satellites or 
moons of the planet Jupiter had been care- 
fully observed for some time, and a rule 
Was obtained, which foretold the instants, 


in all Inline lime, when the satellites 
would glide into the shadow of the planet, 
and disappeai, m again lo emerge into 
view. Now it was lound that these appear 
anecs took place sixteen minutes and a 
hall soonei when Jiqiitei was near the 
earth, oi on tin; same side ol (lu* sun with 
(In* earth, limit when it was on tin* other 
side; that is to say, mine distant Irom the 
ciii tli l>y one diameter of (lie earth's mbit, 
oi path in the heavens which it takes in 
involving immd the sun, and at all inter- 
mediate stations, the diflei cnee diminished 
Irom the sixteen minutes and a half, in 
exact propot lion to the less distance horn 
the caith. This pi oves, then, that light 
lakes sixteen minutes and a hall lo liavel 
acioss tin* earth's mbit, and eight minutes 
and a quarter lor halt that distance, or to 
conn* to us Irom the sun. 55 

“M. Adolphe llrongniarl consider 
evciyllung lo prove, on the one hand, I It a I 
the dillcrenl vegetable creations which 
have succeeded each other on tin* globe, 
have become more and more perfect; on 
the oilier hand that the climate o! the sur- 
face ol the caith is greatly modified since 
the earlier limes of the creation of living 
beings up lo the commencement of the 
pi (‘sent epoch.” 

“Capl. .) ohn Taggai 1, of Charlestown, is 
building a machine to navigate the ait We 
have seen a pic, line of the balloon, and a 
miniature of the sails and the way lu* cre- 
ates a new clement with them. President 
Kveielt and Tin ead well, ol llavvaid Col- 
lege. and Mr, Pook, the naval const ructoi, 
we understand have expressed lavorablc 
opinions of the piojeci. Mr. Taggai l had 
bettei take the advice of Paul, ‘abide by 
the ship/” 

“One of the subjects recently discussed 
in Congress, is that of a pioposilion that 
the swamps of the Fvei glades, shall be 
ceded lo the Stale of Florida, on condition 
that the Stale shall drain them, and in 
draining them, make a canal in which ves- 
sels may save the passage round the Penin- 
sula of Florida and the dangers connected 
with it,” 

“On Christmas morning last, Mr. 
Charles Ellett, Jr. the contractoi of the 
Suspension Budge at Niagara Falls, to- 
gether with Mr. George Hamlin, drove 
across the bridge in a canter, and re- 
turned at a trot. It would truly appear lo 
be a perilous feat, thus to drive across the 
apparently frail structure of iron wire sus- 
pended 230 feet above the boiling stream,” 



fhe Creeping Sleeve 


Lead sheathing on telephone cable meets many stresses 
— the lug of its own weight, wind pressure* contraction 
and expansion from cold and heat. Then, too, there’s 
the pressure of nitrogen gas put in Long Distance cable 
to warn of shcatli breaks and keep out moisture. 

And, sometimes, lead is subject to ‘"creep”— a 
permanent stretching — even when the stress is but a 
fraction of the normal tensile strength. Creep is 
especially likely at the lead sleeves used where two 
lengths of cable are joined. The sleeve may stretch 
and break open exposing telephone circuits to the 
elements. 

So Bell Laboratories scientists have developed meth- 
ods to test and control creep. In a special testing room, 
weights are applied to scores of samples of lead, under 
controlled conditions. Exact records of the amount of 
creep are obtained with a precision instrument. 

Years of careful study have produced a lead com- 
position which resists creep and yet has all the other 
properties required of sleeves. This means better tele- 
phone service for you and helps give that service at 
lowest possible cost. It is an example of the way Bell 
Telephone Laboratories scientists study and improve 
every part of the great telephone plant. 

BELL TELEPHONE LABORATORIES 

EXPLORING AND INVENTING, DEVISING AND PERFECTING , FOR CON- 
TINUED IMPROVEMENTS AND ECONOMIES IN TELEPHONE SERVICE . 




Drape-shape steel gave this well-dressed knight a certain 
amount of protection against stiay missiles , . # 

Yet he died, not in battle, but in bed . . . felled by a 
deadly dart 1/10, 000th of an inch long— the tubercle 
bacillus , 

He and millions of others through the ages never 
knew what hit them. 

Today m know. But ignorance and indifference still 
account for most of the 50,000 people who are killed by 
tuberculosis each year. 

The germ that steel couldn’t stop certainly can’t be 
thwarted by a business suit or a mink coat. 

Modem science and medicine, however, can give you 


effective chest protection. A chest X-ray is a sure way 
to detect TBl 

If you are harboring TB germs, an X-iay can “see” 
their destructive effects long before you fed sick. If 
proper treatment is started in the early stages, the cme 
is comparatively easy. 

The later TB is found, the longer, harder, and costlier 
will be the cure. 

Remember, too, that TB is contagious. A person who 
has TB can spread it to other membeis of bis family. 

You can find out whether or not you have TB by 
having your chest X-rayed. 

SO PLAY SAFE.,, 

. . GET AN X-RAY TODAY! 

Association or Health Deportment 
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THE COVER 

Th& painting on the cover shows lab- 
oratory equipment used in studies 
of the uppei atmospheie (see page 
30) . The stup of photographic papei 
on the bench is a recoid of xadio 
echoes obtained from the atmosphere 
with xadio set at the lowei left corner 
of picture The echoes measure the 
height of lonosphenc layers, meteors, 
auroias and other detectable electii- 
cal phenomena. The ball idling on 
the cuived tiack is a device used to 
pictuie m mechanical teims the be- 
havioi of the ladio waves The small 
hills in the track represent layeis of 
resistance encounteied by the waves 
as they pass tluough the atmospheie 
The drawing on the blackboaid shows 
the section ol the atmospheie being 
studied, the green chalk line is a 
meteoi tiack The object hanging at 
the right is a meteoi He. The equip- 
ment shown is in the lahoraloiy ol 
John A Fierce at Harvaul University. 


THE ILLUSTRATIONS 

Cover by Stanley Meltzoff 
age Credits 

1-15 Adolph Biotman 
i Geneial Aniline and Film Corpora- 
tion 

>-20 Henry Billings 

General Aniline and Film Corpoia- 
tion ( lop) , James W. Welgos ( bot- 
tom ) 

1-27 David Stone Martin 
I Official U. S Na\y-Johns Hopkins 
Photograph 
! Call Slormei 
1-35 Eric Mose 

> Ameiican Museum of Natural His- 
tory ( top ) , C. W Gartlein ( bottom ) 

? Official U S Navy Photograph (R 
Tousey and F. S. Johnson) 

> Norman Lockyei Observatoi'y 
)41 Call B Boyer 

1-45 New York Public Libraiy 
i-47 Bradford Washburn 
\ Eric Mose 
)-51 Bradford Washburn 
) Arthur Seymour 
l< American Museum of Natural His- 
tory 
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FOR QUICK STARTS- 

just pour Nor’ way Dry-Ex* in 
your gas tank for quick, smooth 
starts on coldest days' Dry-Ex 
drives water out of gas, prevents 
frozen fuel lines, eliminates 
motor spit and sputter! 
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ITS EASY 
AS IT LOOKS! 
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SAILING! 


You’ll breeze through traffic 
without motor miss or sputter 
with Dry-Ex in your gas tank* 
Water and ice can’t clog fuel 
lines when Dry-Ex goes to work! 


Just pour a can of Dry-Ex 
in your tank before the next 
spell of freezing weathei ! 

A touch on the stai ter, and 
you’re off even on cold, wet 
mornings, with Dry-Ex ! 



NO REASON | 
FOR FREEZIN’— 


Y y HAPPY 
\ / LANDINGS! 

You’ll get where you’re going, 
with Dry-Ex in your gas tank! 
No motor spit and sputter, 
no missing, no stalls from frozen 
1 fuel lines, because Dry-Ex drives 
yyater out of gasoline! , , ■ 


Dry-Ex in your tank stops stalls 
from frozen fuel lines ! Dry-Ex 
literally wrings out your gas, 
uds it of water before ice gets 
chance to form 1 
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"High vacuum of 2 x 1(H milli- 
meters of mercury" is a scientific- 
sounding phrase, utterly meaningless 
to most people. Yet these same 
people are enjoying the benefits of 
high vacuum in scores of ways right 
in their own homes. 

Perhaps you may be reading this 
under a light that shines brighter 
because of high vacuum in bulb or 
fluorescent tube. Your radio plays 
sweeter because of higher vacuum 
in radio tubes. Without high 
vacuum you couldn’t have televi- 
sion, Better removal of air from the 
receiving tube means greater clarity, 
more faithful images on the televi- 
sion screen. 


The plastic ash tray at your elbow 
— many of the vitamins and miracu- 
lous pharmaceuticals in your medi- 
cine cabinet— the cosmetics on the 
dressing table— are among many 
products which have been — or can 
be— made better in quality, lower in 
cost because of distillation, dehy- 
dration or metallic evaporation under 
high vacuum. 

New ways of using high vacuum 


aie constantly being discovered in re- 
fining industries, in medical science, 
in metalluigy, in dehydtation, in food 
concentrates, in textiles, in atomic 
energy ! 

DPI can aid in research in setting 
up pilot operations and can advise 
on engineering and building com- 
plete installations for profitable com- 
mercial applications of high vacuum: 
We invite inquiry. 


Distillation Products, Inc. 

751 RIDGE ROAD WEST • ROCHESTER 13, N. Y. 



Manufacturers of Molecular Stills and High -Vacuum Equipment; Distillers at Oil- Soluble Vitamins 
and, Other Concentrates far Science and Industry 
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CANCER AND ENVIRONMENT 


Scientific and technological progress have exposed man 
to new physical and chemical agents. Some are believed 
associated with the rise of cancer as a cause of death 
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T HE industrial era in its full expan- 
sion is barely two generations old, 
yet during that short period lr ter ally 
thousands of entirely new clremrcal and 
physical constituents have been added to 
the human environment. Few of these con- 
stituents have been exhaustively analyzed 
foi their long-i ange toxic effects on man. 
They are now being studied, however, as 
possible contributors to the use of cancel. 

The growth in the relative importance 
of cancer as a cause of death is one of 
the outstanding medical facts of the past 
50 yeais. The disease has moved from 
eighth to second place in the U. S. since 
1900, and today only heart ailments sur- 
pass it The reasons customarily given for 
this lise — improved diagnosis and the 
aging of the population — do not entirely 
explain it. They provide no satisfactory 
answer to the tael that approximately 
seven and a half per cent of the known 
cancel deaths m 1944 occurred in age 
groups under 40. There is evidence, more- 
over, that the disease is not an inevitable 
consequence of bodily degeneration due to 
age, although the changes of senescence 
under certain conditions may be con- 
tributing factors. It seems certain that 
there is a net increase m true cancer 
deaths, if only because fewer people die 
from othei diseases than in the past. 

An explanation oi lliis increase and of 
the causes of the disease is therefore 
being sougliL in our environment, so much 
moie complex than it was in 1900. The 
investigation is focused on carcinogenic 
agents, as the substances that produce 
cancer are called, and on the general 
question of the extent to which the in- 
crease in cancer may be caused by agents 
in the environment that have hitherto 


by Groff Conklin 


been considered comparatively haimless. 

It has been established that ceitain 
agents to which people are exposed m in- 
dustrial occupations cause cancel if the 
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Alpha rays 
Beta rays 
Gamma rays 
Ultraviolet rays 
X-rays 



CARCINOGENS known to be pres- 
ent in human environment are classi- 
fied. Les9 certain agents are in italics. 




exposure to them is sufficiently intense 
and piolonged. As an example, over 75 
per cent of the mineis in the Schneeberg 
cobalt-uranium mines of Germany die of 
lung cancer, more than 50 per cent of 
those m the Joachimsthal uranium mines 
across the border in Czechoslovakia die 
of the same cause. In the 18th century it 
was learned that among chimney sweeps 
exposed to intense concentrations of soot, 
deaths from cancer were between three 
and foui times as high as those in the gen- 
eral population. It is known also that 
certain common substances in concen- 
tiated doses can produce cancer; for ex- 
ample, mouth cancers are uncommonly 
fiequent m a tribe in India which smokes 
cigars with the lighted end in the mouth- 
This causes them to suffer frequent hums 
and to receive a concentrated dosage of 
tobacco tars. 

Although these are special cases of 
intense exposure, they naturally suggest 
speculation as to whether the average 
human being’s relatively mild hut long- 
continued exposure to new substances in 
a contaminated atmosphere, in processed 
foods, in cosmetics and m other elements 
of our environment may be a contributory 
cause of cancer. We have as yet no con- 
clusive evidence for or against this possi- 
bility. We have no accuiate estimate of 
how many of the artificial substances 
common to our industrial civilization may 
be carcinogenic under special circum- 
stances, nor how many seemingly harmless 
substances, interacting with others that 
appear to be equally innocuous, may pro- 
duce carcinogenic results. 

Theie are, of course, many theories 
about cancer’s causes: chronic internal 
irritations in the body, changes in cell 
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ORIGINAL SITES of malignant growths due to carcinogens in the en- 
vironment are scattered among almost all the organs of the body. Some 
agents, such as the aromatic amine dye intermediates, regularly affect the 
same organs even though they may use any one of many routes for attack. 
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metabolism, tissue degeneiation, vn uses, 
and so on. Most ol these theories, liow- 
evei, descnbe mechanisms lalhcr than 
hist causes. Indeed, with two or three ex- 
ceptions all ol them seem to require the 
piesence of a triggeiing agent. 

Possibly the most fimlful cm lent tbeoty 
is the one tluiL attnbutes cancel to muta- 
tions in body cells Cancel -causing muta- 
tions, it lias been demonstiated by expeii- 
ments, may be produced by ultraviolet 
radiation, X-iays, ladioactive substances, 
and a numbei of chemicals. While more 
than 99 pei cent of all cancels aie sLill 
of unknown oiigm, neaiiy all oi those 
foi which a pioved cause has been found 
arise as the icsult of external agents 
These seem to mutate the cells into a stale 
which is, oi can become, cancel ous 

The methods by which these external 
agents act upon the hotly vaiy consid- 
ciably, depending on the substance in- 
volved. Some catcinogens may cause 
cancel diiectJy. Examples ol these aie tai, 
the mineial oils and ceitain dye intei medi- 
ates known as aromatic amines, Tais gen- 
eially affect the skin. Mmeial oils may 
cause cancel of the lungs tin o ugh inhala- 
tion. The aromatic amines, slnmgely, con- 
ccntuite on the, bladder, no matter what 
then loulc of attack, Whether they entei 
the body through the icspiratoiy system, 
tin* mouth or the skin, they gravitate to 
the genito-ui inary system and then* build 
tip a courenluilion that eventually causes 
cancer. 

Othej agents seem to cause eaneer by 
altei mg organs so that the oigan ilsell pro- 
duces a carcinogen, insulting in a cancer 
The mechanism of this ti anslornuition is 
little undei stood. It is known that some 
radiations and certain metallic compounds 
including the clnomates, the arsenicals, 
inckeJ caibonyl and possibly asbestos, 
cause cancel in this i datively roundabout, 
way. 

R ADIOACTIVE materials are less spe- 
cialized in then effects, they can 
pioducc a wide variety of cancels. They 
may cause skin cancer by direct attack 
on the skin, and lung cancer in people 
who inhale radioactive dust. When expo- 
sure is intensive and piolonged, as in the 
case of the women who woiked in tin* radi- 
um watch and clock dial industiy some 
25 years ago, they produce hone cancel. 
And a .slight but very prolonged exposure 
to penetrating radiation can result in 
leukemia, a cancer ol the blood cells. The 
latter kind of cancer is often found among 
radiologists whose whole professional 
lives have been spent m theoretically safe 
and well-protected dealings wilh X-rays 
or radioactive materials. 

Most subtle of all carcinogens are 
those believed to cause general metabolic 
disturbances that pioduce cancers in a 
roundabout way. Thus the liver may pro- 
duce carcinogens that can cause it or some 
other tissue to turn malignant. Among the 
agents thought to have this effect are the 



azo d)c& and ceitam chluiinated aliphatic 
hydrocarbon* But the mechanism in- 
volved 1 * so obscuie that the carcinogen- 
icity of these substances has not been com- 
pletely pioved 

One aspect of such indirect causation, 
howevei, is susceptible of proof. Among 
some Negio tribes woikmg in the gold 
mines of Alnca, an excessive incidence of 
cancel of the bladder has been traced to 
deficiencies in the workers’ diet It was 
found that most of the Negroes had lived 
foi yeais on a vitamin-deficient diet of pap 
and sour milk Only recently South Aln- 
can leseaicli workers have succeeded m 
pioducmg cancer of the livei m rats fed 
just this diet. 

I N view of the lelative novelty of the con- 
cept of envuonmental cancer, and of 
the small amount of well-oi ganized re- 
search in this field, it is not surprising that 
most of the known carcinogenic agents 
have been found m industry. Heie workeis 
suffei exposures many times more con- 
centrated than the average citizen en- 
counters in a non-industrial environment 
Fully 90 pei cent of the known carcino- 
genic agents are mdustiial. and a similai 
piopoition of cancers of known cause 
anses from caicinogens of industrial im- 
poitance. These known agents aie listed in 
the chart on page 11. 

The difficulties in the laige-scale study 
of carcinogenic agents aie foimidable 
The modern environment is so lamified 
that efforts to evaluate it in terms of lona- 
range carcinogenicity may appear nearly 
hopeless. Nevertheless, the techniques al- 
ready developed in the study of occupa- 
tional carcinogens may be of some value 
in analyzing the environment as a whole, 
even though more lefined methods may 
have to be developed if such a program is 
to be successful. 

The two principal methods now used to 
uncover the more obvious occupational 
cancel hazards are animal experimenta- 
tion and statistical analysis. Cancers have 
been produced in experimental animals by 
most of the known physical and chemical 
carcinogens. Hundreds of other substances 
have been and are being tested Some that 
have been shown to be carcinogenic in 
animals have not as yet been proved dan- 
gerous to man, or else they do not toim a 
part of his noimal environment Among 
these substances are urethan. ergot, sele- 
nium, and diethylene glycol. 

One aspect of the work on animals that 
is important in considering human cancer 
is the phenomenon known as “‘species 
specificity.” Many carcinogens that cause 
cancer in some animal species have thus 
far proved harmless to others. Foi exam- 
ple, certain tars, when correctly applied, 
produce skin cancer m mice, rats, rabbits 
and dogs, but not in monkeys. Rats and 
mice get skin cancer from ultraviolet rays, 
but rabbits do not. The probability is that 
specialized metabolism is at the bottom of 
this species specificity for cancer. If such 


metabolic differences were completely un- 
derstood. human beings might be endowed 
with resistance to certain types of cancer 
by modifying the individual’s metabolic 
processes. Such ideas are still beyond the 
realm of piactical application in man. In 
experimental animals, however, cancer 
susceptibility or resistance to ceitain ex- 
ternal carcinogens, such as several of the 
azo dyes, may be created at will by the 
omission or addition of certain vitamins m 
the diet 

Without animal experimentation, scien- 
tific proof of the carcinogenicity of various 
substances and radiations would be nearly 
impossible. On the other hand, laboratory 
experiments alone cannot piove definitely 
that such agents are dangerous to man 
Othei methods must be used, and the prin- 
cipal instruments so far available have 
been statistical studies and medical rec- 
ords. 

In laige, unselected population groups, 
variations m the incidence of one kind of 
cancer are usually not sufficiently marked 
to be significant. That is why environmen- 
tal carcinogens are usually difficult to de- 
tect. Up to half a centuiy ago, indeed, evi- 
dence of specific extunsic causations of 
cancel was discoveied largely by clinical 
observation. Physicians practicing in ur- 
ban or manufacturing areas began to 
notice a remarkably high incidence of cer- 
tain types of cancel among workers in in- 
dividual trades. Such was the case m the 
diagnosis of cancer of the scrotum m 
chimney sweeps. Discoveries by diiect ob- 
servation continue to be made, as in the 
case of radium and X-ray cancels that oc- 
cuiied with alarming frequency among 
people working with these agents in the 
not so distant past. 

B UT observation has its limitations. Un- 
less very careful medical records are 
kept, or unless workers remain in a car- 
cinogenic job for many years, the fact that 
the job is carcinogenic may escape notice. 
Characteristic of environmental cancers is 
the long period between the beginning of 
exposure to the carcinogen and the actual 
appeal ance of a tumor. A worker who 
leaves a dangerous job before the cancer 
appears may later develop a malignant 
tumor without realizing its origin. 

The process of tracing cancers to their 
source through medical records and health 
statistics has become a work of skilled de- 
duction. When a given community is found, 
on careful examination of its illness and 
mortality statistics, to have an unusual 
number of cases of cancer in certain sites, 
the biometrician at once suspects the pres- 
ence of an active environmental carcino- 
gen. The chances today are very great that 
it will be traced to one or more factories in 
the area, since so few non-industrial car- 
cinogens have been found. Conversely, if 
it is known that certain plants are pro- 
ducing or using known carcinogens, the 
statistician searches for evidence of an 
abnormal incidence of cancer among 


men who aie employed in these plants. 

Obviously such investigations present 
difficult problems and demand a high or- 
der of judgment. It has often been said 
that statistics can be used to prove both 
sides of a question. Environmental car- 
cinogenesis is no exception. 

An example in American experience is 
a study which was made some time ago of 
the incidence of lung cancer among 40.000 
workers m an industry suspected of pro- 
ducing a caicinogenic agent. It was 
known from studies in other countries that 
lung cancers were exceptionally fiequent 
in this industiy, and there was no evidence 
that the American manufacturing methods 
differed in any major respect fiom those 
abroad. Yet this study reported no lung 
cancers at all 1 In an) group of 40,000 
adult males several cases of lung cancer 
aie bound to occur, merely on the basis of 
the incidence of the malignancy in the 
population as a whole. The results of the 
study surely suggest a lack of thorough- 
ness in the collection and evaluation of 
data 

A CLEAR example of the intelligent use 
of statistics as a tool in uncovenng 
environmental carcinogens is the way in 
which cancers of the hladdei were identi- 
fied as an occupational hazard in plants 
using the aromatic amine dye interme- 
diates mentioned earliei. The following 
composite description, based on a n umbei 
of European and American investigations 
of this problem, illustrates the method: 

The people in a certain industrial re- 
gion have a fiequency of bladder cancer 
that is a slight fraction higher than nor- 
mal. The variation is well within the range 
of random probability, but the fact that 
several cases of this not too common ma- 
lignancy have been found in a single 
community leads to a further study of 
the region. It is found that the incidence 
of bladder cancel jumps from .02 per 
cent in the province as a whole to .1 per 
cent in the particular community under 
study, an inciease of 400 per cent. On 
fuithei investigation it is learned that 
among the workers In a paiticular dye 
plant In the town. 5 pei cent are suffering 
from or have died from bladder cancer — 
nearly a 5,000 per cent increase. Follow- 
ing this clue, eveiy operation in the plant 
is studied, and one particular job is found 
in which over 90 per cent of the workers 
have bladder cancer or have died from it 
Obviously the focal point of the disease 
has been established. 

It is from just such relatively slight 
statistical anomalies that much of the 
original evidence of carcinogenesis in in- 
dustry arises. Of course, as more carcino- 
gens become known and are added to the 
list, the statistical techniques change. With 
the cooperation of the industries involved, 
medical and public health experts go di- 
rectly into the plants and study the opera- 
tions and the workers. Often, however, 
public medical and death records offer the 
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only leliable source of infoimation Many 
industries actually do not know of the ex- 
istence of carcinogenic hazards in then 
factories The study is so new that only 
plants in which the incidence of specific 
cancers is notoriously high are aware of 
the problem. A few industries do know of 
the existence of caicinogens in their 
plants, and probably some of them have 
developed their own methods of coping 
with them. 

The leluctance of industiial manage- 
ments to publicize the existence of a car- 
cinogenic hazard is understandable, for it 
could easily become difficult for plants so 
labeled to reciuit woikers, or even to sell 
their commodities. To make factories em- 
ploying carcinogenic materials safe to 
woik in, furthermore, sometimes requires 
extensive and costly alterations. If one 
film makes such alterations and others do 
not, the competitive position of its product 
is endangeied. 

Generally speaking, however, employ- 
ers are no more responsible for the lack of 
infoimation about industrial cancer than 
are the many thousands of physicians who 
have cancer patients m industrial aieas or 
who actually are associated with factoiies. 
It is an unquestionable fact that an appre- 
ciable number of occupational cancers 
slip through the hands of doctors uniden- 
tified. This is due in a great degiee to a 
general ignorance of the occupational as- 
pects of cancer. Physicians have never 
been adequately informed of the basic 
symptomatic and sociological factors in- 
volved in identifying occupational caicino- 
genesis. 

T HE medical profession should be bet- 
ter educated about the need for ex- 
haustive case histories which cairy the 
individual’s job record m detail back as 
far as 25 years, about the urgency of check- 
ing medical suspicions of industrial cancel 
hazards against careful epidemiological 
studies of all the workers in a plant, and 
about the paramount importance of im- 
pressing plant management with the seri- 
ousness of the problem. 

The standard protective and hygienic 
measures currently used m industry to 
combat industrial poisons and other health 
hazards are not always adequate for the 
control of occupational cancer. The fol- 
lowing case history is a compelling illus- 
tration: Some 30 years ago workers in one 
of the newer metal industries began to 
develop lung cancers. At that time the 
cancers were found to remain latent from 
10 to 15 years. The incidence was unusu- 
ally high in certain operations wlieie the 
carcinogenic substance was present in par- 
ticularly high concentration as an air- 
borne dust An effort was* ^ade to safe- 
guard these operations. Up-to-date equip- 
ment for removing dust and fumes was 
installed, and a standard industrial hy- f 
giene program was inaugurated, including 
protective clothing. But thq, outcome was 
exactly the opposite of what had been ex- 
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peeled The incidence of lung cancel did 
not diminish; in fact soon afteiwaid can- 
cels began to appear among woikeis who 
had been exposed lor less than six yeats, a 
much shoiter period than had been pre- 
viously observed. What had happened was 
that at the time when the pi elective meas- 
uies weie adopted the faclory had also 
begun to use a moie finely giound mateiial 
to improve pioduction. The finer dust, 
though piesent in a much lower concen- 
tration than the oiiginal material, penc- 
il ated farthei within the bronchi of the 
lungs. Thus despite the installation oi the 
latest in protective devices and pro- 
ceduies, the cancel hazard was actually 
i ncieased. 

I T is obvious, therefore, that the contiol 
of occupational caicinogenesis — and 
even to a great extent of cancers slem- 
ming from more indefinite environmental 


(dosed; that the community be pioleeted 
by the pievention of the discharge of cai- 
cinogcnic wastes; that factoiies bo li- 
censed and inspected; that woikeis be 
piovided with piotective clothing, equip- 
ment and medical super vision, including 
fiequent and thorough physical examina- 
tions. 

The Environmental Cancer Section of 
the Institute, winch is a pait of the U. S. 
Public Health Service, is piepanug an 
immediate, comprehensive campaign of 
education and infoimalion, the pui pose of 
which is to bring physicians to a lealiza- 
lion of the existence of lire pioblem. Plans 
are also undci way to make exhaustive 
siuveys of major industrial aieas in the 
nation. These studies aie essential pie- 
lmunaries to lire institution of the controls 
that Di. Hucper has suggested. 

Many of the control recommendations 
admittedly aie lar-reaching in then impii- 



CARCINOGEN IN NATURE is sunlight. Such natural carcinogens, however, 
aie lew. An abnormally high concentration of arsenic in drinking water 
has been shown to cause cancer of the skin and internal organs. In lec- 
tions of certain parasites have also been found to lead Lo malignant growths. 


agents, if and when they are discovered — 
is a public health problem of considerable 
magnitude This is made even more ap- 
parent by the scope of a control program 
that has been proposed by Dr. Wilhelm C. 
Iiueper, head of the new Environmental 
Cancer Section of the National Cancer 
Institute. Dr. Iiueper, one of the world’s 
leading experts on occupational cancer, 
has studied the problem in the U S. and 
elsewhere for many years. Several of the 
elements of his program have already 
been put into effect in European countries. 
The program proposes that carcinogenic 
agents be eliminated from industrial, mili- 
tary and civilian use as far as is possible 
and practical ; that manufacturing process- 
es which must use such materials be en- 


ca Lions. Yeais of work will be requued to 
put them into piaetice with maximal effec- 
tiveness. This is paiticuhuly true of the 
lecommendations for social controls. On 
the technical side, some of the elements 
can be instituted at once and without gieai 
expense, if management and labor can lie 
persuaded to agree to them. 

For example, effective medical and sani- 
tary supervision of exposed workers can 
be undertaken immediately. This supervi- 
sion should include X-ray examinations at 
frequent intervals; careful clinical study 
of suspicious lesions; preparation of ex- 
haustive and detailed job analyses and 
case histones; regular quarterly or semi- 
annual physical examinations of all work- 
ers who might possibly suffer exposure to 



the caicinogenic agents, a constant leview 
of dangeious plant operations to enioice 
constant good housekeeping and to check 
on the level of caicinogenic dusts, fumes, 
and mists. 

Piotective measures foi the woikmen 
themselves are also simple and i elatively 
inexpensive, although the enfoi cement of 
their use is sometimes made difficult by the 
discomfoiL they cause They include the 
regular wearing of respirators and sealed 
clothing whenevei exposuie to a carcino- 
genic hazard is likely, daily showers foi 
all persons woikmg m 01 near the hazard- 
ous opeiations, use of separate lockers foi 
stieet and work clothes, and adoption of 
work techniques that will minimize the 
dangers of exposuie. 

Othei, and more impoitant, technical 
measuies aie likely to involve heavy ex- 
penditures for management. In some in- 
stances, entile factories would have to 
be lebuilt. Othei s would require costly 
waste-control equipment, such as elec- 
tronic dust pieeipitators, and extensive 
lemodeling to enclose caicinogenic opera- 
tions and keep the workeis from any con- 
tact with dangerous agents. Few plants 
could afford the necessary changes unless 
all other plants in the same industry were 
lequired to make the same improvements 
at the same time. 

I N some instances, such changes might 
possibly be undei taken as a result of 
an industry-wide agreement. In others, 
legislative and administrative enforcement 
might be essential. Such action would in- 
clude factory licensing and inspection by 
government, improved compensation laws 
recognizing occupationally acquiied can- 
cels as compensable, and levision of the 
health codes to make occupational cancels 
notifiable just as aie many othei diseases. 
These measures would require coordinated 
and carefully planned action on the part 
of management, labor, the medical profes- 
sion, state public health and labor depart- 
ments, and state and Fedeial legislatures. 
A precedent for such a progiam has al- 
leady been set by the successful control 
of communicable diseases through public 
health laws and through the organized 
coop eiation m their enforcement of both 
private and public agencies. 

How effective these controls would he in 
diminishing the hazards of still undiscov- 
ered envnonmental carcinogens is a ques- 
tion that only time can answer. Mean- 
while, the known causes of occupational 
cancers would be placed undei technical 
and social restraint, and patterns would 
be established for the future control of 
new carcinogens as they are found in our 
environment 


Groff Conklin is a sci- 
ence ivi iter and a former 
consultant with the Na- 
tional Cancer Institute , 



EXTREME CASE of environmental cancer is represented by record of aro- 
matic amine plant in Germany. Of workers directly in contact with chemical, 
90 to 100 per cent developed cancer of the bladder. Running from top to 
bottom is illustration of statistical analysis used to locate such hazards. 
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PILOT PLANT to test new processes utilizing acetylene 
has been erected by the General Aniline and Film Cor- 
poration at Grasselli, N. J. The vessel in which the re- 


actions are conducted is hidden behind the stout con- 
crete wall at the right. The wall is a safeguard against 
the possible explosion of the highly reactive gas. 



THE ARRIVAL 
OF ACETYLENE 

The Germans developed remarkable new processes to utilize 
the reactive gas. These processes and some others may soon 
make it a powerful constituent of the U.S. chemical industry 


by Herbert Yaliraes 


ACETYLENE is a coloiless and prac- 
l\ Ucally odorless gas with a reputa- 
tion among chemists for extreme 
touchiness. It is a close chemical relative 
of orhei simple hydrocarbons such as 
methane (marsh gas) and ethylene (a 
peti oleum and coke by-pioduct) , But it is 
lai more leaclive; indeed acetylene, pack- 
ing 54,900 calories of latent energy m each 
gi am molecule, is one of the most ener- 
getic compounds known. Because concen- 
tiaied acetylene forms explosive mixtuies 
with ail, it is dangeious to handle even at 
atmosphenc piessuie. Under higher pres- 
sure, it explodes on ignition with terrific 
violence. These qualities have not, until , 
lecently, been warmly legarded. Certain 
developments during World War II, how- 
evei, have made the chemistry of acetylene 
a subject of widei intei est among U. S. 
chemists and chemical engineers. 

Acetylene was discovered by an English 
chemist named Edmund Davy m 1836. Foi 
56 yeais it remained only a laboratory cu- 
liosity. Then on May 2, 1892, occuned 
one of modern chemistry’s most fruitful 
accidents. In a small plant m Spray, N. C.. 
a Canadian engineer named Thomas L. 
Willson and his partner, James T Moie- 
head, a former major in the Confederate 
Army, were conducting experiments with 
an electiic furnace They were seeking a 
process to obtain aluminum by the direct 
reduction of aluminum oxide to metallic 
aluminum. Willson decided that metallic 
calcium might make a l educing agent, and 
thought it might he obtained by leactmg 
Hme and carbon. 

So Willson and his workmen mixed 
some whitewash lime with coal tar — in 
proportions that were happenstance but 
that proved providential — and shoved the 
mess into the furnace. After a run of sev- 
eral hours, the treatment yielded a grayish- 
white stuff, some of which was withdrawn 


and dropped into a bucket of water This 
produced an active reaction from which a 
gas bubbled. Willson hopefully concluded 
that his furnace pioduct was indeed metal- 
lic calcium, which on contact with water 
would take up oxygen and release hydro- 
gen. To find out whether the gas really was 
hydrogen, one of his assistants tied some 
oily waste to the end of a pole, lit it and 
swung the burning rag over the bucket 
The gas burned brilliantly — unlike hy- 
drogen — and it gave off clouds of sooty 
smoke This was puzzling: if the substance 
in the bucket was calcium, what was the 
souice of the caibon in the smoke? 

Willson and Morehead sent samples of 
theii furnace product to North Carolina 
State Univeisity. Laboratory analysis dis- 
closed that the substance was calcium 
carbide, and that the gas given off when it 
i eacted with water was acetylene. The two 
expei imenters, though thwarted m theii 
effoit to produce aluminum, had hap- 
pened on a method foi manufacturing a 
pioduct with great potentials of its own. 

Calcium carbide was *oon m commercial 
pioduction, and acetylene gas became one 
of the signatures of the gaslight era. Its 
bright flame made it a fine fuel for bicycle 
and automobile lamps and marine bea- 
cons. The intense heat it produced was put 
to use in the oxy acetylene torch. Yet these 
uses did not begin to suggest the immense 
possibilities of acetylene as a chemical 
matenal. Indeed, the applications of acety- 
lene, considering its potentialities, have 
been developed almost as slowly as were 
those of petroleum, which were restricted 
for several decades to the kerosene frac- 
tion. 

Like the compounds in petroleum, acety- 
lene offers a basic building block in or- 
ganic chemistry. Its formula is CLHu, which 
is pictured by the organic chemist as 
H-C=C-H, indicating that the acety- 


lene molecule is composted of two carbon 
atoms joined by a triple bond, with a 
loosely held hydrogen atom at each end. 
This is a highly reactive arrangement The 
eneigy-packed molecule is unstable and 
therefore touchy to handle, but its insta- 
bility also makes it a versatile building 
material, capable of forming a great va- 
riety of pioducts 

U S. chemists have been aware of tlie^e 
possibilities for at least 20 years, and an 
appreciable acetylene industry has devel- 
oped in America. The great current in- 
terest m the chemical, however, derives 
from the wartime exploits of the German 
acetylene industry Without acetylene, 
Germany could not have waged World 
War II. Lacking petroleum or other 
plentiful sources foi organic chemicals. 
Geimany turned to acetylene as a basic 
chemical for producing synthetic rubber 
and other war materials As a result, Gei- 
man chemists developed some new pi on- 
es^ which suggest that the possibilities 
of acetylene have barely been touched 

N EXT month the chemistry of acety- 
lene will enter upon a new phase- 
The General Aniline and Film Gorpoia- 
tion will open a pilot plant at Grasselli, 
N. J., to explore and exploit some of the 
German processes and a few techniques of 
its own. An intensive study is to he made 
of the wide range of this versatile chem- 
ical. which already has yielded such di- 
verse products as synthetic rubber and 
silk, eyeglass frames and false teeth, 
shower curtains and shoes. From these 
studies and those of other chemical firms 
very likely will come new plastics, textiles, 
solvents, lacquers, dyestuffs, drugs, and 
other materials not yet imagined. 

The development of acetylene in the 
U. S. has been held back not only by the 
fact that the material is explosive, but also 
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because tiicie lias been no pressing need 
for it. The organic chemicals industry 
m the U S. duiing the early pait of this 
century was based piincipally on the 
fermentation of gram and sugai; after 
World War I, with the rapid advance of 
chemical technology, the industry shifted 
largely to peti oleum. Thus even the Union 
Carbide and Carbon Corporation, the 
chief U. S. manufactuiei of acetylene, 
entered upon the extensive development 
of a chemistry based on ethylene, an 
oil refin eiy pioduct. Ethylene, the formu- 
la of which is C0H4, with only a double 
bond between the caibons, is less reactive 
than acetylene and theiefore more limited 
in the compounds it can produce. It is, 
however, comparatively cheap, nonexplo- 
sive and sufficiently versatile to seivc as 
the source of hundreds of chemicals. 

Nevertheless, several impoitant prod- 
ucts were developed fiom acetylene duiing 
the ’20s and ' 30 s by U. S. and Canadian 
chemists. The first was acetaldehyde, the 
parent chemical for acetic acid, which is 
used in the manufactuie of acetate layon, 
movie film, and so on, Then came acety- 
lene tetiachloride, from which was de- 
rived the solvent tnchloi ethylene, now one 
of the world's chief dry-cleaning fluids. 
In 1932 E, I. du Pont de Nemours & Com- 
pany began to use acetylene to make ihe 
synthetic mhber neoprene Meanwhile Lhe 
Shawinigan Company of Canada had pro- 
duced vinyl acetate, a basic material of the 
plastics industiy, latei developed by the 
Niacet Chemicals Corporation, which has 
since been absoibed by Union Carbide. 
Other companies developed vinyl chloride, 
another of the vinyl compounds. This ma- 
terial, also made from ethylene, is the 
plastic that has recently become familiar 
to consumers in the form of showei cur- 
tains and synthetic leather handbags. Be- 
cause of their extiaoidinary toughness 
and resistance to physical and chemical 
abuse, these vinyl chloride leatheis may 
soon provide major competition for natu- 
ral leather in every end use from shoes to 
machine belting. 

Some 200 million pounds of these vmyl 
compounds are now produced annually in 
the U. S. Known as vinyl resins, they are 
used, separately or in combination, to 
make molded articles, safety glass, elec- 
trical insulation, upholstery coverings, 
photographic film, washable wall fabrics, 
unbreakable phonograph records During 
the war vinyl resins were used to make the 
liquid plastic that was sprayed on metal 
parts to protect them from coirosion dur- 
ing shipment. 

The chemical processes for production 
of the vinyl compounds from acetylene are 
relatively simple. Vinyl chloride is made 
by reacting acetylene with hydrochloric 
acid; vinyl acetate, by combining acety- 
lene and acetic acid, which itself can be 
made from acetylene. And all the U. S. 
and Canadian uses of aoetyfene were 
1 based on reactions that could be carried 


out at model ate tempeiatures and culi- 
nary pressures then believed to be the only 
conditions under which acetylene could he 
safely employed 

Germany’s wartime extremity, howevei, 
drove her chemists to experiments with 
acetylene in the dangei zone, of lughei 
temperatures and pressures Because she 
could not afford the luxuiy of building a 
chemical industiy on her scarce supplies 
of grain 01 oil, Germany had begun to lely 
heavily on acetylene even beiore World 
War I. At lhe appioach of World War II, 

I. G. Faiben leseaiclreis began to woik on 
the problem ol applying heat and pressure 
to the gas to produce new materials The 
work was directed by J. Walther Reppe, 
head of Farben’s central research labora- 
tory. 

To control the explosive tendencies of 
acetylene, Reppe started to experiment 
further with certain techniques that had 
previously been worked out m the U. S. to 
keep acetylene from exploding in pressuie 
cylinders used in connection with the oxy- 
acetylene torch. One of these methods was 
to lessen the reactivity of the gas by dilut- 
ing it. 

When a molecule of acetylene decom- 
poses and releases its great latent energy, 
Lhe energy activates neighboring mole- 
cules and sets up a chain reaction. The 
whole process is aided by heat and pt en- 
sure: the higher the Lempeialuie, the 
more likely it is that decomposition will 
start; the closer the molecules are Lo one 
another, the more lapid is the chain reac- 
tion. In a large space occupied only by 
acetylene, the chain of decomposition, 
once started, is so rapid that it leads al- 
most instantaneously to an explosion. But 
if the space is shared by a stable gas such 
as nitrogen or carbon dioxide, the energy 
released by Lhe decomposing acetylene 
molecules is partly absorbed by lhe in- 
ert molecules of the diluent, and ils impact 
on other acetylene molecules is thereby 
cushioned. The chain reaction is either 
stopped entirely or slowed sufficiently to 
prevent an explosion. 

By diluting acetylene in this way, Reppe 
was able safely to apply temperatures up 
to 200 degrees Centigrade and pressures 
of five and six atmospheres — remaikably 
high for the usual handling of this gas 
Undei these conditions, and with the help 
of alkaline catalysts such as potassium 
hydroxide, Reppe made acetylene lead 
with other materials in some new ways. 
One of these processes, called vinyl alion, 
combined acetylene with alcohols lo form 
vinyl ethers — a versatile class of raw ma- 
terials used in the manufacture of trans- 
parent and surgical tapes, dipped rubber 
goods, adhesives for metals, lacquers, and 
sulfa drugs. (The vinyl .ethers can also 
be made from ethylene, but by a process 
that requires three steps instead of one.) 
Reppe also reacted acetylene with a 
phenol, 
thereby 


a relative of carbolic acid, and 
produced a resin cabled Koresin 


which played an important lole as a lacki- 
fiei m the Centum waitime synthetic 111 li- 
ber industry 

R EPPE now set out on a second method 
. of controlling acetylene which was Lo 
yield even more impoitant insults. I Its ob- 
jective was to lake advantage of the un- 
usual piopeity of acetylene mentioned 
eailiei in this at tide — the mobility of the 
two hydrogen atoms which an 1 loosely 
held at the ends of the acetylene molecule. 

It was known that these two atoms could 
leadily be leplaccd by reactive metals 
such as sodium, and that the resulting 
compound would read wilii certain other 
compounds such as acetone to form new 
substances. But there was a difficulty* 
normally these reactions look place only 
in the complete absence of water — a le- 
qui remen t lhat made the process too ex- 
pensive for industrial use. 

Reppe found that if the acetylene gas 
was heated and compressed the reactions 
would woik even in the ptcscnce of watei. 
The problem of handling the I10L acety- 
lene, however, was more formidable than 
in the preparation of the vinyl ethers, for 
the new process demanded concentrated 
acetylene; it could not be diluted with an 
inert gas. 

This problem was solved by extension 
of anotlie? one of the 1 online procedures 
long established in the industry for the 
safe handling of acetylene: tin*, nanowing 
of all spaces in which acetylene is (’on- 
lined. The conduit lubes through which 
the hot gas was conducted were reduced 
to a diameter of half an inch or less, or 
they were filled with bundles of lubes, and 
the spaces m the huge vessels where the 
reactions took place were crammed with 
small tubular rings of metal or porcelain. 
The effect of tins breakup of the spaces 
was to slow down the propagation of any 
explosion wave that might be started by 
decomposition of the acetylene; when de- 
composition began, the tubes and rings, 
like the molecules of a diluent gas, ab- 
sorbed enough of the energy of decompos- 
ing molecules to arrest the chain inaction 
and prevent an explosion. After one <1 is- 
astious blast, the Farhcn group succeeded 
in controlling the chain reaction so that 
it only made the equipment gel red hot. 
To make the whole process work, the 
Germans also had to use copper acetyl ide 
as a catalyst. This made U S. chemists 
shudder when they learned of it. Tor cop- 
per acetyl kle is normally even more prone 
to explode than compressed acetylene. 
Reppe found, however, that treatment of 
the compound with aceLylene under pre- 
cisely controlled conditions made the cata- 
lyst safe enough. 

The chemical process which Reppe de- 
veloped from these experiments is known 
as ethynylation. A new technique in indus- 
try, it cannot be applied to refinery gases 
such as ethylene, and it therefore greatly 
enhances the value and possibilities of 
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ACETYLENE^ other things being eqnah could largely 
replace ethylene and ethyl alcohol in the huge U. S. 
aliphatic chemical industry. Each, respectively, is the 
principal intermediate between coal, oil or agricultural 


materials and finished products. Dotted red lines indi- 
cate processes developed by the Germans. Lines shared 
by acetylene and either of the other intermediates 
show that either one is used for this particular route. 










WDBFBOCBBSES variously utilize triple bond between carbon atoms 
of acetylene molecule (left ) . Hydration reduces triple bond to single; 
vinylation to double. Etliynylation preserves energy-rich triple bond. 
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acetylene. The leaelion was cairied mil 
with Joimaldehyde (GILO) m water solu- 
tion, In the first step ol this leant ion, on<‘ 
o| the active hydi often aloms in acetylene 
atl aches itself to the oxygen atom of ilio 
ioim aldehyde, and acetylene's two carbon 
atoms join with the one in lounaldehyde. 
The pioducf, H—C~C-CHo-OH, is pro- 
pargyl alcohol, a new chemical which un- 
1 il recently was known only in the laboia- 
toiy This compound leads with anolhei 
molecule of formaldehyde to form 1,4- 
bulynediol, a pioduei containing a chain 
of four caihou atoms. And Imtynediol is 
like a tiallic cuele I tom which ladiate 
scores of great higluoads in chemistry. 

The Geimans lollowed some of these 
roads vigorously. By liydi ogenation of 
hutynediol they made 1,4-lmUinedioI, a 
glycol which piomises to become as im- 
poitanl foi industrial synthesis as ethy- 
lene glycol. Fiom Imtynediol they also 
pioduced butadiene, loi synthetic, lubhoi 
tiies, and adiponitiilc lor making nylon. 
They also explored other acetylene re- 
actions; using acetylene, cat boil dioxide 
and watci, loi example, they developed a 
new piocess lor making aciylio acid, an 
important chemical building block for 
such pioducls as textile si/in gs, t li i<-.k- 
eners and adhesives. From acetylene and 
byilioeyanic acid, tl le Germans worked 
out anolhei way to arrive at act ylonit rile, 
the, parent material for Btina-N rubber 
and the new synthetic fihei Orion, ie- 
ccmlly announced by du Pom. 

Thus acetylene became tlm slnv qua non 
ol Gei many’s chemistry. In 1942 she pio- 
tluced 7.2 billion cubic feet of it for 
chemical pin poses. 

Large as Lhe German enlei prise was, it 
had baiely begun to (explore the beckoning 
new roads. The tJ. S. chemical industry is 
now about to lake up these cxploi at ions 
where the Geimans left off, General Ani- 
line and Film, as an offshoot of I, G. 
Faiben, presumably is in the best position 
to put the German techniques to work— - 
and to jump olT from them into new in- 
vestigations. G A. F. owns the U. S, rights 
U) Reppe’s vinylation and ethynyhition 
processes 

For the picsent, the chief output of 
G. A. F.’s pilot plant aL Grasse Hi will lie 
the vinyl ethers, employing the Rep pc 
vinylation process on which the company 
has been conducting laboratory work since 
1945. However, vinyl ethers, like other 
vinyl compounds, can lie and are derived 
from cihylene. Chemists, therefore, arc 
more interested to see what will come 
of Reppe’s high-pressure ethynylation 
process. 

For its work in this field, G. A. F. has 
installed equipment on the German model, 
a 60-foot steel tower, five feet in diameter, 
built to withstand pressures up to 100 
atmospheres, in case anything goes wrong 
with the acetylene reaction inside. From 
this process the company hopes to obiain 
not only a great variety of goods in bulk 



but also some fine biologicals. An example 
is polyvinyl pyrrolidone, which Reppe de- 
rived from butynediol The water solution 
oi this chemical, which the Germans 
called Peiiston, was extensively used by 
them during the war as a substitute for 
blood plasma. G. A. F. is now supplying 
samples foi evaluation m the U. S. 

Aside fiom these processes, two other 
aspects of acetylene are curiently in- 
triguing U. S. chemists. One is a curiosity 
called cyclooctatetraene. a ring compound 
which Reppe created during the war by 
condensing four molecules of acetylene 
The ling thus formed is similar to that of 
benzene, but has eight sides instead of six 
While no one has given this molecule 
much study, it is considered theoretically 
capable of foiming the basis of an indus- 
try neaily as important as the coal tar m- 
dustiy, which is built around benzene. 

The other new idea is the possibility of 
developing acetylene processes that de- 
pend on catalysts lather than heat and 
piessure. Of intei est m this dnection is 
the work of a chemical engineer. A. Broth- 
man, of New York, who has developed a 
number of piomising catalyst-based re- 
actions. One is a thiee-step leaction of 
acetylene with acetone which yields 
methyl-methaciylate, the clear plastic 
used in an craft windows, navigation 
domes and gun turrets. 

How much furthei chemists will go with 
the excitable hydrocarbon that the two 
aluminum-hunters made in their electric 
furnace half a centuiy ago depends of 
course on a variety of factors, not all of 
them scientific. Despite acetylene's wide 
possibilities, it seems unlikely that the 
chemical will become as impoitant m the 
U. S. as it was in Germany, foi the U. S 
has a great wealth of other matenals 
which are more readily accessible to ex- 
ploitation. For 20 years U. S. chemistry 
has increasingly been based on petroleum. 

This growing dependence on petroleum, 
however, laises the question of what the 
chemical industry will do should U. S. oil 
reset ves lun out If woild conditions make 
it difficult or uneconomic to get peti oleum 
fiom abroad. American chemistry in all 
likelihood will turn to coal as the basic 
raw mateiial. In that event, acetylene, 
from carbide, would become the building 
block for a large proportion of the organic 
intermediates, shaiing the maiket with 
other intei mediates derived from coal via 
the Fischer-Tiopsch process and hydro- 
genation. 

In any case, the new development of the 
chemistry of acetylene adds to the assur- 
ance that, despite any possible dearth of 
petroleum, the U. S. chemical industry 
will be able to fill the needs of the nation 
for centuries to come. 


Herbert Yahraes teas the author of 
Labrador Iron, which appeared m 
the November issue of this magazine. 



MASSIVE VESSELS were built by I. G. Farben in Ludwigshaven, Germany, 
for the etliynylation of acetylene. Vessels are strong enough to withstand 
any pressures short of explosion developed by the breakdown of acetylene* 



SMALLER VESSEL at the General Aniline and Film pilot plant is 60 
feet high, five feet in diameter*, and built to withstand pressures up to 
100 atmospheres per square inch. It is first such vessel constructed in tJ. S* 
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Sigmund Freud felt that it reflected a basic structure of 
human relationships. The author presents a new theory 
of the Oedipus complex based on Sophocles’ great dramas 


by Erich Fromm 

I N one of his basic woiks, The Intel - constituted the fundamental mechanism 

pretation of Di earns, Sigmund Fieud m the development of the child, and he 

wro te: maintained that the complex was boLli ihe 

If the Oedipus Rex is capable of moving cause for psycliopatliological . devclop- 
a modern readei 01 playgoei no less poio - ment and the “kernel of neuiosis.” 
erfully than it moved the contemporai y Fieud assumed that the male child at 
Greeks, the only possible explanation is the age of four 01 five is sexually atti acted 

that the effect of the Gieck tiagedy does to his mother; hence he is jealous of Ins 

not depend upon the conflict between fate father, who appeals to him as a superior, 

and human will , but upon the peculiar tin catering rival; hence he becomes in- 

nature of the material by which this con - tensely afiaid of his father and specifical- 

flict is revealed. There must be a voice ly afiaid of being castraLed. Since I his 

within us which is prepaied to achnowl - fear becomes Loo intense foi comfoil and 

edge the compelling power of fate in the seciuity, the boy changes his aim. lie 

Oedipus. . . . And there actually is a mo- gives up the mothei as an object of bis 

tive m the story of King Oedipus which sexual stiivings and identifies himself 

explains the verdict of this inner voice Ilis 
fate moves us only because it might have 
been our own , because the oracle laid 
upon us before our birth the very curse 
rollick rested upon him. It may be that ive 
are all destined to direct our first sexual 
impulses toward our mothers , and our 
first impulses of hatred and violence to- 
ward our fathers; our dreams convince us 
that we are. King Oedipus , ivho slew lus 
father Laius and wedded his mother Jo - with the father. In doing so he overcomes 

casta, is nothing more or less than a wish- his fear, and at the same time his own 

fulfillment — the fulfillment of the ivish of masculine development is strengthened 

our childhood. But we , more fortunate by the fact that he now wants to be like 

than he, in so far as we have not become his father Freud assumed that a paiticu- 

psychoneurotics , have since our child- lar identification takes place-- namely, 

hood succeeded in withdrawing our sexual with the father’s conscience, Ins com- 

impulses from our mothers , and in for - mands, and his piohibilions — and that 

getting our jealousy of our fathers. We thus the bases for the development of con- 

recoil from the person for whom this science in the boy are laid. 

primitive wish of our childhood has been In normal development, the Oedipus 
fulfilled with all the force of the repres- complex results in the stiengthening of 
sion ivhich these wishes have undergone masculine characteristics and m the 
in our minds since childhood. As the poet growth of conscience. The boy’s attacli- 
brings the guilt of Oedipus to light by his ment to the mother is tiansierred laLer on 

investigation , he forces us to become to girls of his own age, although his 

aumre of our own inner selves , in which choice of a love object may remain de- 

the same impulses are still extant, even termmed to some extent by the image of 

though they are suppressed . . , after their the mother. In the neurotic development, 

unveiling we may well prefer to avert our the tie wiLh the mother is not severed. She 

gaze from the scenes of our childhood. herself, or women who resemble her, re- 
The concept of the Oedipus complex, main the exclusive love objects. In the lat- 

which Freud so beautifully presents m the ter case, the relationship to the mother 

passage just quoted, became, one of the surrogate retains the qualities that were 

cornerstones of his psychological system. characteristic of the little boy’s attach* 

He believed that this concept was the key ment *lo his mother— dependency, lack 

10 an understanding of history and of the of responsibility, and tbe need to be 

evolution of religion and morality. His Taken care r of. Simultaneously, rivalry 
Conviction was that the Oedipus complex with the father or father surrogates, and 
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Nanda Anslien, which will be pub- 
lished next month by Haiper & 
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hate and leai of them, lemain active too. 

Fiend’s concept ol the Oedipus complex 
was a iesult ol clinical observations and 
theoietical speculation, and so it must 
have been veiy giali lying to him that the 
classic myth of Oedipus seemed to be not 
only a symbolic expression but also a con- 
film at ion ol his theory. Fieud knew the 
Oedipus myth from Sophocles 1 tragedy 
King Oedipus. This tiagedy i elates that an 
oraele has told Laius, the King ol Thebes, 
and his wile, Joeasta, that if they should 
have a son tins son would kill his lathei 
and many his mothei. When a son, Oedi- 
pus, is hoi u to them, Joeasta decides to 
escape the late predicted by the oracle 
by killing tin* infant. She gives Oedipus 
to a shepheid who is to abandon the child 
in the woods with his feet hound so that 
he will die. But the shepheid, taking pity 
on the child, gives Lhe inlaiiL to a man 
in Lhe seiviee of the King ol Connlh, 
who m turn brings him to his master. 
The King adopts tin* hoy, and he grows 
up believing that he is tin* king’s leal son. 

Oedipus is told by the oiacle in Delphi 
that it is his fate to kill his father and to 
many his mothei. lie decides to avoid this 
fate by never going buck to bis supposed 
parents in Cotinlh. On his way bom Del- 
phi, he engages in a violent at gument with 
an old man nding in a carnage, loses his 
temper, and kills the man ami his servant 
without knowing that lie has slain his 
tathei, the King of Thebes. 

His wanileimgs then lead him to 
Thebes. Theie a Sphinx is devouring the 
young men and women of the city. She 
will cease only if someone lmds the answer 
to a tiddJe she asks: “What is it which 
first goes on four, then on two, and even- 
tually on three?” The city of Thebes has 
promised dial anyone who can solve the 
riddle and free the city Irom the Sphinx 
will he made king, and will he given ibe 
King’s widow as his wife, Oedipus dis- 
covers the answei — which is man , who 
as a child walks on all four, as an adult 
on two, and in his old age on three (with 
a cane). The Sphinx throws herself into 
the ocean, the city is saved from calamity, 
Oedipus becomes king and marries Jo-* 
casta, his mother. 

After Oedipus has reigned happily for 
some time, the city is ravaged by a plague 




that kills many of its citizens The seei 
Tenesias leveals that the plague is pun- 
ishment foi the twofold dime which Oedi- 
pus has unknowingly committed, that of 
patucide and incest. Oedipus, aftei having 
tned desperately not to see this truth, 
blinds himself when he is compelled to see 
it, and Jocasta commits suicide. 

The question is whether Freud was right 
in assuming that this myth confirms his 
view that unconscious incestuous duves 
and resulting hate against the father-rival 
aie an intiinsic part of any male child’s 
equipment. Indeed, it does seem as if the 
myth confirmed Freud’s theory. If we ex- 
amine the myth more closely, howevei. 
doubts aiise. The most pertinent is this* 
If Freud’s interpretation is right, we 
should expect the myth to tell us that 
Oedipus met Jocasta without knowing that 
she was his mother, fell in love with hei, 
and then killed his father, again unknow- 
ingly But theie is no indication whatso- 
ever in the myth that Oedipus is attracted 
by 01 falls in love with Jocasta. The only 
leason we are given foi Oedipus’ maniage 
to Jocasta is that she goes with the thione. 
Indeed, m older veisions of the story, 
theie is usually no mention of a pre- 
diction by the oiacle that the son will 


maxry his mothei Should we believe that 
a myth which deals primal ily with an 
incestuous relationship between mother 
and son can so completely ignore the ele- 
ment of attraction between the two? 

Fiom a consideiation of King Oedipus 
alone, no definite answer can be given. But 
we are at least in a position to foimulate a 
hypothesis, namely that the myth has to 
be understood as a symbol, not of the in- 
cestuous tie between mother and son, but 
of the rebellion of the son against the au- 
thonty of the father in the patriaichal 
family; that the maniage of Oedipus and 
Jocasta is only a secondary element, only 
one of the symbols, of the vjctoiy of the 
son who takes ovei his fathei’s place and 
with it all its privileges 

T HE validity of this hypothesis can be 
tested by examining the whole Oedi- 
pus myth, particularly in the form pre- 
sented by Sophocles in the two other parts 
of his trilogy, Oedipus at Colonus and 
Antigone. 

In Oedipus at Colonus we find Oedipus 
near Athens at the grove of the Eumenides 
shortly before his death. After having 
blinded himself, Oedipus remained m 
Thebes. Creon, his uncle, who succeeded 


him as lulei, after a time exiled him. 
Oedipus’ two daughteis, Antigone and 
Ismene, accompanied him into exile; but 
Ins two sons, Eteocles and Polyneices, re- 
fused to help then blind father. Aftei his 
departure, the two brothers strove for pos- 
session of the throne. Eteocles won; but 
Polyneices, refusing to yield, sought to 
conquei the city with outside help and to 
wiest the power from his biothei. In 
Oedipus at Colonus we see him approach 
his father, begging his forgiveness and 
asking his assistance. But Oedipus is re- 
lentless m hatred toward his sons. In spite 
of the passionate pleading of Polyneices, 
supported by Antigone, he lefuses forgive- 
ness 

In Antigone we find another father-son 
conflict as one of the central themes of the 
tragedy. Here Creon, the repiesentative of 
the authoritarian pnnciple m state and 
family, is opposed by his son, Haemon, 
who reproaches him for his luthless des- 
potism and his ciuelty against Antigone. 
Haemon tiies to kill his father and, fail- 
ing to do so, kills himself. 

We find that the theme which runs 
through all three tragedies is the conflict 
between father and son. In King Oedipus 
this conflict is expressed hy the fact that 



OEDIPUS IS ENTHRONED as King of Thebes with These events Freud interpreted as the fulfillment of a 

Jocasta as his queen. He does not know that a stranger wish of childhood. The drawing is made in the style of 

he has slain is his father, nor that Jocasta is his mother, the Greek decorations contemporaneous with Sophocles. 



Oedipus kills his father, Lams — the sig- 
nificance of which is not diminished by 
Oedipus' ignoiance. In Oedipus at Colomis 
Oedipus gives vent to his intense liatied 
of his sons, and in Antigone we find the 
same hatred again between Cieon and 
Haemon. There is no problem of incest in 
the relationship of Oedipus’ sons to their 
mothei noi in the lelationship between 
Haemon and his mothei, Emydice If we 
inteipiet King Oedipus in the light of the 
whole trilogy, the assumption seems plau- 
sible that the real issue m King Oedipus , 
too, is the conflict between father and son 
and not incest. 

Tire question arises as to how we may 
explain this conflict. One clue is given in 
Antigone , by the rebellion oi Haemon 
against Creon Cieon lepiesents the au- 
thoritarian principle both in the family 
and the state, and it is against this type of 
authority that Haemon lebels. An analysis 
of the whole Oedipus trilogy will show 
that the struggle against paternal author- 
ity is its main theme and that the loots of 
this struggle extend fai back into the an- 
cient struggle in both family and lehgion 
between the patriarchal and matriarchal 
systems of society, Oedipus, Haemon, and 
Antigone are representatives of ihe ma- 
tiiarchal woild who attack a social and 
religious older based on the powers and 
privileges of the fathei, lepre.sonled by 
Laius and Creon. 

This proposition is based on the famous 
analysis of Greek mythology by the Swiss 
scholar J. J. Bachofen, II is necessary, 
therefore, briefly to considei the principles 
of Bacho fen's theory in ordei to lay the 
foundations for the writer’s interpretation 
of the Oedipus myth 

In his Mattel recht (mother right) . pub- 
lished in 1861, Bachofen suggested that in 
the beginning of human history sexual 
relations were promiscuous, as a result 
only the mothei ’s parenthood was unques- 
tionable. To hei alone could consanguinity 
be traced. She was, therefore, the authority 
and lawgiver — m the family group, m so- 
ciety and in religion. On the basis of his 
analysis of religious documents m Greek 
and Roman antiquity, Bachofen came to 
the conclusion that the religion oE the 
Olympian gods was preceded by a leligion 
in which goddesses, motherlxke figures, 
were the supieme deities. 

Bachofen assumed that in a long histori- 
cal process men subdued women, and suc- 
ceeded in making themselves the rulers in 
a social hierarchy. The patriarchal system 
thus established is characterized by mo- 
nogamy (^Lt least so far as women are con- 
cerned], by the authority of the father in 
the family, and by the central role of men 
in a hierarchically organized society, In- 
stead of the mother goddesses, male gods 
became the supreme rulers of man. 

Bachofen showed that the difference be- 
tween the matriarchal and patriarchal 
orders extended to social and moral prin- 
ciples. Matriarchal culture is character- 
ized by an emphasis on ties of blood, ties 
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to the soil, and a passive acceptance ot all 
natural phenomena. Pat uni dial society, 
m conti ast, is characterized by lespecl foi 
man-made law, by the pi (dominance of 
lational thought, and by man's eflml to 
change natuial phenomena. So lai as these 
principles axe concerned, the patnaichal 
cultuie constituted piogiess beyond the 
mati lai chal culture. In other 1 expects, 
howevei, the matiiaichal principles were 
supeiioi to the victorious patnaichal ones 
In the matiiaichal concept all men aie 
equal, since they are all the ehildien of 
mothei s and each one a child of Mothei 
Eaith. A moLhei loves all hei children 
equally and without conditions, since hei 
love is based on the fact that they aie her 
children and not on any pai liculai inei it 01 
achievement; the aim ol lile is the luippi- 



BLIND OEDIPUS is accompanied 
into exile by bis daughters, Ismenc 
and Antigone. Sons remain behind. 


ness of men, and iheie is nothing moie im- 
portant than human existence and life. 
The patiiaichal system, on the other hand, 
recognizes obedience to authority as its 
mam virtue. 

“The relationship through which man- 
kind lias first grown into civilization, 
which is the beginning of the development 
of every virtue and of the formation of the 
nobler aspects of human existence,” says 
Bachofen, “is the matriarchal principle, 
which becomes effective as the principle 
of love, unity, and peace. . . Iis principle 
is that of universality, whereas the patri- 
aiclial principle is that of restrictions. . * , 
The idea of the universal brotherhood of 
man is rooted in the principle of mother- 
hood, and this idea vanishes with the de- 
velopment of patriarchal society.” 

Bachofen’s theory was strengthened by 
the work of a 19th-century American 
scholar, L. H. Moigan. Independently, 
Morgan came to the conclusion that the 
kinship system of the American Indians— 
similar to that found in Asia, Africa, and 


\ustialia — was based on the nuili ini ehal 
pimoiple, and that the most significant 
institution in such cultures, the gens, was 
organized in eonlmmity with the mutu- 
al ehal principle. Moigan's conclusions 
about pnnciples ol value in a matiiaichal 
society weie quite sinnlai to Baeholcn's 
He pioposed that the fut me hum of ei\ili- 
ziiLion “will he a lepeliiion — -hut on a 
lnghei level — oi the principles ol libeily, 
equality, and fiatemity winch chat acid- 
ized the ancient gens.” Both Ruc.hu leu’s 
and Morgan's theoiies ol matiiaicliy weie 
disputed, il not entirely ignoied. by most 
anllu opologisis. The violence ol the an- 
tagonism against the theory ol malnaiehv 
aiouses the suspicion that the criticism 
was not enliicly free liom an emotionally 
lounded piejudice against an assumption 
so fojcign to the thinking and Iceling ol 
oui patiiaichal cultuie. Then* is little 
doubt that many single objections to tlu* 
matiiarehal theoiy ai e justified and that it 
is not tenable in the hum in which it was 
piesonled by Bachofen. Neveitheless, 
Baeholcn’s main thesis, that we find an 
oldei layer ol malriaichaL leligion undet- 
nealh the more recent patriarchal leligion 
of Gteece, seems to me to have been es- 
tablished by him beyond any doubt. 

All this bears upon our hypothesis that 
tin* hostility between lather and son, 
which is the theme running through Soph- 
ocles’ trilogy, is Lo lie mulct stood as an 
attack against tlu*. victorious patriarchal 
ordei by the representatives ol the de- 
bated matriarchal system. 

I N the various Greek formulations of the 
Oedipus myth upon which Soplux les 
built his Li agedy, the iigui e of Oedipus was 
always connected with tin* cult ol the i*ai tli 
goddesses, the lepresenlalives ol mutual - 
elial religion. Oedipus’ connection with the 
Sphinx seems also to point lo a connection 
between Oedipus and the mat riai ehal 
principle as it is described by Radio Ion 
11 we look closely at the Sphinx's riddle, 
we are shuck by the insignificance of the 
riddle in comparison with the reward ioi 
its solution. Any clever boy of twelve 
might guess that that which goes first on 
four, then on two, and eventually on llneo 
is man. Why should the light guess he 
pi oof of such exuaoxdinary powers as lo 
make their possessor the savior of tin* 
city? The answei lo this question lies in 
an analysis of Uie riddle's real meaning, 
an analysis which must follow the princi- 
ples of inlet pret alien of myths and dreams 
developed by Bachofen and Freud, They 
showed that often the most important ele- 
ment in a dream or myth may appear to 
be an insignificant part of the myth itself, 
wlule the paxt of the myth that appears 
to have the mam accent is only a minor 
element in its real meaning. 

Applying this principle to the Sphinx 
myth, but with an interpretation different 
from the one Bachofen or Freud gave it, 
it would seem that the important element 
m the riddle is not the part that ts stressed 



m the manifest humiliation of the myth, 
namely the nddle itself, hut the answei to 
the tiddler man. II we tianslate the 
Sphinx’s woids from symbolic into oveit 
language we licai her say He can save 
mankind who knows that man himself is 
the most impoitant answei man can give 
to the most difficult question with which 
he is confionted. This emphasis on the im- 
portance of man is pail of the principle of 
the matriaichal woild as Bachofen de- 
scubed it 

One element m the myth and in Sopho- 
cles’ King Oedipus seems to conti adict oui 
hypothesis — the figuie of Jocasla On the 
assumption that she symbolizes the moth- 
eily piinciple. and that the explanation 
suggested heie is conect, the question 
arises why the mother also is destioyed 
instead of being victorious But examina- 
tion of the lole of Jocasta shows that it not 
only does not conti adict our hypothesis, 
lmt tends to conhim it. [ocasta’s ciime is 
that of not having fulfilled hei duty as a 
mother; she is ready to kill hex child in 
ordei to save hei husband. This, horn the 
standpoint of patnaichal society, is a legit- 
imate decision, but liom the standpoint 
of matiiaichal society and matriaichal 
ethics it is the imloigivable crime. By 
committing this cmne. it is she who staits 
the chain of events that eventually leads 
to her own end and to hei husband's and 
son’s destiuction. The myth explains the 
1 casons foi the downfall of matriaicliy It 
proposes that the mother by violating her 
paramount duty bi ought about her own 
desti notion 

In Oedipus at Colonus we see the blind 
Oedipus accompanied by lus two daugh- 
ters ai living neai Athens, close to the 
glove of the goddesses of the eaith. The 
oracle has piophesied that if Oedipus i^ 
buried m this glove he will protect Athens 
fiom invasion by her enemies. Oedipus 
makes this known to Theseus, the King of 
Athens. Theseus gladly accepts Oedipus’ 
offei that he become the posthumous bene- 
factoi of Athens Oedipus lotieats into the 
giove of the goddesses and dies in a mys- 
tenous way not known to anybody but 
Theseus 

Who are these goddesses ? Why do they 
offer a sanctuary to Oedipus? What does 
the oracle mean by telling us that Oedipus 
in finding his last home in this giove, re- 
verts to his role of savior and benefactoi ? 

In Oedipus at Colonus the answer is 
given to the first question, that of the iden- 
tity of the goddesses. Oedipus implores 
them, saying: 

Queens of diead aspect , since your seat 
is the first in this land ivhei eat I have bent 
the knee , show not yourselves ungiacious 
to Phoebus 01 to myself; ivho, when he 
pioclaimed that doom of many woes, 
spake of this as a rest foi me after long 
yeais — on reaching my goal in a land 
ivhere I should find a seat of the Awful 
Goddesses , and a hospitable shekel. . . . 

Oedipus calls the goddesses “Queens of 
dread aspect” and “Awful Coddesses.” 


Why aie tlie\ "dreadful” and ‘"awful” 
since to him they aie the goddesses of lus 
last testing place and those who will 
e\entually gi\e him peace? The answer 
can be found only m a piinciple of in- 
terpretation. \alid for both myths and 
dreams, which has been recognized by 
Bachofen and Fieucl. If an element ap- 
pearing m a myth 01 in a dream belongs 
to a much eailiei phase of development, 
and is not pait of the conscious frame of 
leference at the time of the final humilia- 
tion of the myth, this element often cairies 
with it the quality of diead and awfulness. 
Touching upon something hidden and 
taboo, the conscious mind is affected by a 
fear of a paiticular kind — the fear of the 
unknown and the mysterious. The “Awful 
Goddesses'" which aie mentioned by Oech- 



ANTIGONE scatters earth over the 
corpse of her brother. Later Antig- 
one is buried alive in cave by Creon, 


pus here represent the defeated matri- 
aichal system. 

Goethe, m one of the least understood 
passages of Faust , has treated of the dread 
of the mysterious motheis in a spirit very 
similar to that of Sophocles’ Oedipus at 
Colonus. Mephistopheles says: 

Unwilling I reveal a loftier mystery — 

In solitude are throned the Goddesses, 

No space aiound them. Place and Time 
still less; 

Only to speak of them embairasses; 

T h ey at e th e Moth ei s ! 

Faust ( tenifiied ) : 

Motheis! 

Mephistopheles 
Hast thou dread? 

Faust: 

The Mothers f Motheis! — a strange word 
is said. 

Mephistopheles: 

It is so. Goddesses , unknown to ye, 

The Mothers , named by us unwillingly . 


Delve in the deepest depth must thou , to 
leach them . 

It is thine oun fault that we for help be- 
seech them. 

Here too, as in Sophocles’ tragedy, the 
feeling of dread and teiroi is bound up 
with the mere mentioning of the goddesses. 
They belong to an ancient world which 
now is banned fiom the light of day, from 
consciousness. 

As we see from this siioit passage, 
Goethe anticipated Bachofen’s theory; ac- 
cording to the diary of Eckennann. 
Goethe mentioned that m reading Plu- 
taich he found “that m Giecian an- 
tiquit) the Motheis aie spoken of as 
Goddesses " This passage m Faust has 
appealed enigmatic to most commentatois 
who tiied to explain the mothers as a sym- 
bol of Platonic ideas, the foimless realm 
of the inner world of spmt, and so forth. 
Indeed, it must remain an enigma unless 
one understands it m the light of Bachof- 
en’s findings 

We have already pointed to the fact that 
the main theme of the Oedipus trilogy, 
the conflict between father and son. finds 
its full expression in Oedipus at Colonus; 
heie the hate between father and son is 
not, as m King Oedipus , unconscious; in- 
deed. heie Oedipus is veiy much awaie of 
his hate against liis sons, whom he accuses 
of having violated the eternal law of na- 
ture. There is no indication m Oedipus at 
Colonus that the hostility of Oedipus’ sons 
against their father has any connection 
with the incest motif. The only motivation 
which we can find is their wish for power 
and the livalry with their father. 

H OW diffeient is the end of Oedipus at 
Colonus fiom that of King Oedipus! 
In the latter the fate of Oedipus seemed 
to be sealed as that of the tragic criminal 
whose crime lemoves him forever from his 
family and from his fellow men, destined 
to be an outcast, abhoired though perhaps 
pitied by everyone. In the foimer he dies 
as a man sunounded by two loving daugh- 
ters and by new hiends whose benefactor 
he has become, not with a feeling of guilt 
but with a conviction of his right, not as 
an outcast but as one who lias eventually 
found lus home — with the earth and the 
goddesses who rule theie. The tragic guilt 
which had peivaded King Oedipus has 
now been removed, and only one conflict 
has remained as hitter and unsolved as 
ever — that between father and son. 

The conflict between the patriarchal 
and matriarchal principles is still the 
theme in Antigone , the third pait of the 
trilogy. Here the figuie of Creon repre- 
sents the principle of the supremacy of the 
law of the state over ties of blood, of 
obedience to autlioiity over allegiance to 
the natural law of humanity. Antigone 
represents the matriarchal principle and 
thus is the uncompromising adversary of 
Creon. He must defeat Antigone in order 
to uphold patriarchal authority and with 
it his own virility. Haemon, Creon’s son. 



represents the same principles as Antig- 
one. Although he tries at first to appease 
and persuade his father* he openly de- 
clares his opposition when he sees that his 
father will not yield. 

The end of the tragedy carries the ac- 
tion to the point of final decision. Cieon 
has Antigone buried alive in a cave — a 
symbolic expression of hei connection 
with Mother Eaiih The seer Teiresias, 
who m King Oedipus was instrumental in 
making Oedipus aware of lus crime, ap- 
pears again* this time to make Creon 
aware of his. Stricken by panic. Creon 
gives in and tries to save Antigone. He 
rushes to the cave where she is entombed, 
but Antigone is already dead. Haemon 
tries to kill his father; when he fails, he 
takes his own life. Cr eon's wife, Eurydice, 
upon hearing the fate of her son, kills her- 
>elL cursing her husband as the murderer 
id her children. Creon recognizes the com- 
plete collapse of his world and the defeat 
of his principles He admits his own moral 
bankruptcy, and the play ends with his 
confession. 

E are now in a position to answer 
the questions that we raised at the 
beginning. Is the Oedipus myth as pre- 
sented in Sophocles' trilogy centered on 
the crime of Incest? Is the murder of the 
father, as Freud belie\ed. the symbolic 
expression of a hate resulting from jeal- 
ousy? Though the answer is doubtful at 
the end of King Oedipus , it is hardly 
doubtful at the end of Antigone. Not Oedi- 
pus but Creon is defeated in the end, and 
with him the principle of authontarian- 
ism, of man's domination over men, the 
father's domination over his son, and -the 
dictator’s domination over the people. 

Our interpretation needs to be supple- 
mented, however, by another considera- 
tion. Although the conflict between Oedi- 
pus. Antigone and Haemon on the one side 
against Creon on the other contains a 
memory of the conflict between patriar- 
chal and matriarchal principles, it must 
also be understood in terms of the specific 
political and cultural situation in Sopho- 
cles 1 time and of his reactions to that situ- 
ation. 

The Peloponnesian War, the threat to 
the political independence of Athens, and 
the plague which ravaged the city at the 
beginning of the war, had helped to uproot 
the old religious and philosophical tradi- 
tions- Indeed, attacks 4 against religion 
were not new, but they reached a climax 
in the teachings of Sophocles’ Sophist ad- 
versaries, He was opposed particularly to 
those in the extreme wing of the Sophists 
who not only acclaimed despotism exer- 
cised by an intellectual elite, but also up- 
held unrestricted selfishness as a moral 
principle. The ethics of egotistical super- 
men and the amoral opportunism of this 
wing of the Sophists were the very oppo- 
site of Sophocles’ philosophy. In Creon 
1 Sophocles created a figure representing 
school of sophism, 'and 1 Creon’s 
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-peaches lesemble the Sophist pattern 
even in stvle and expiession. 

In his argument against the Sophists, 
Sophocles gave new expiession to the old 
religious traditions of the people with 
their emphasis on love, equality and jus- 
tice. The Geiman scholar Wilhelm Schmid 
has observed* ‘‘The leligious attitude of 
Sophocles . is primarily concerned not 
with the official religion of tlie state but 
with those helpful secondaiy poweis which 
always were closer to the faith of the 
masses than the aiistociatic Olympians 
and to whom the people tinned again m 
the dangers of the Peloponnesian War. 5 ' 
These “secondary powers/' which were 
different from the “aristocratic Olympian” 
gods, are easily identified as the goddesses 
of the matriaichal world. 

We see, then, that Sophocles’ views ex- 
pressed in the Oedipus trilogy are to be 
understood as a blend of his opposition to 
contemporary sophism and his sympathy 
for the old non-Olympian religious ideas 
In the name of both he proclaimed the 
principle that the dignity of man and the 
sanctity of human bonds must never be 
subordinated to inhuman and authontar- 
ian claims of the state or to opportunistic 
considerations. 

Thus far we have been concerned only 
with the interpretation of the Oedipus 
myth and not with Freud’s clinical de- 
scription of the Oedipus complex. Quite 
apart from the question of whether 
Freud's clinical description is correct, we 
arrive at the result that the complex char- 
acterized by a boy's incestuous strivings 
toward his mother and his resulting hos- 
tility against his father is wrongly called 
an Oedipus complex. There is a complex 
frequently found in patriarchal cultures, 
however, that fully deseives to be called 
an Oedipus complex: namely, the rebel- 
lion of the son against the pressure of the 
father’s authority — an authority rooted in 
the patriarchal, authoritarian structure of 
society. 

The child does not meet society directly 
at first; he meets it through the medium 
of liis parents, who in tlieii character 
structure and methods of education repre- 
sent the social structure, and are. as it 
were, the psychological agency of society. 
What, then, happens to the child m liis 
relationship to his paients? Often he 
meets through them the kind of authority 
that prevails m a patriarchal society, and 
this kind of authority tends to break his 
will, his spontaneity, his independence. 
But since man is not born to be broken, the 
child fights against the authority repre- 
sented by his parents; he fights not only 
for his freedom from pressure but also for 
his freedom to be himself, a full-fledged 
human being and not an automaton. 

In this struggle some children are more 
successful than others ; most of them are 
defeated to some extent in their fight for 
freedom. The ways in which the defeat is 
brl»u^it ,abont but, whatever 

- arte, the scak left in ihh chUd ? s un- 



successful fight against inational authoi- 
lty aie to be found at the bottom oi cveiy 
neuiosis. Such a scar is represented m a 
syndrome of which the most important 
featuies are a weakening oi paralysis of 
the individual’s oiiginalily and spontanei- 
ty, a weakening of the self and the substi- 
tution of a pseudo self in which the feeling 
of “I am” is dulled and replaced by the 
experience of self as the sum total of ex- 
pectations others have about the self, and 
finally a substitution of heteionomy for 
autonomy. 

Does oui interpretation of the Oedipus 
myth and of the Oedipus complex imply 
that Freud's the ox y was without founda- 
tion? 

Freud observed tluee facts, and each of 
these observations was valid. We now pio- 
pose to show that the unified theoretical 
mtei pi etation which he gave to his tlnee 
observations was fallacious, and that the 
progress of psychological theory lies in 
the direction of seeing the obseived phe- 
nomena afiesh and interpieting them dif- 
ferently. The facts which Freud obseived 
were the following : 

First, he noted the presence of sexual 
strivings m children Although this phe- 
nomenon has found wide recognition to- 
day, at the beginning of the centuiy it was 
a i evolutional y discovery which tiemen- 
dously advanced oui knowledge of child 
psychology. 

Second, Freud obseived that the ties by 
which children aie bound to then parents 
are often not severed at a time when, in 
the normal development, they should be 
severed and the child should become inde- 
pendent. He saw that this ii rational “fixa- 
tion” of clnldien to theii paients is to be 
found in all neuioses, and is one of the 
causes for the development of neurotic 
symptoms and neurotic character traits 
The significance of this discovery can 
baldly he overestimated. The more data 
we collect, the more it becomes appaient 
that the peculiar lack of matuiity and self- 
assertion, the emotional and intellectual 
distortions so chaiacteristic of eveiy neu- 
iosis, result from this fixation, which para- 
lyzes the person’s free use of his own emo- 
tional and intellectual poweis. 

Third, Fieud lecognized that the con- 
flict between father and son is chaiacter- 
istic of patriarchal cultures, and he dem- 
onstrated particularly how an unsuccess- 
ful rebellion against the father’s authority 
and the fears resulting from the defeat 
form the basis for a neurotic development 

T HE observation of these three phe- 
nomena led Freud to synthesize them 
m one brilliant theory. He assumed that 
the second phenomenon, attachment or fix- 
ation to the mother, was rooted in the first 
phenomenon — the sexual strivings of the 
child — and that the third phenomenon, the 
conflict with the father, was a result of 
this sexual rivalry. This theory is very 
appealing indeed. Individual and an- 
thropological data gathered since Freud 



formulated his theory have. however, 
shaken our conviction as to its validity. 
These data have shown that the Oedipus 
complex m Freud's sense is not a univeisal 
human phenomenon, and that the child's 
rivalry with the father does not occur in 
cultures without strong patriarchal au- 
thority. It has become evident that the tie 
to the mother is not essentially a sexual 
tie — m fact, that infantile sexuality when 
not suppressed has as its normal aim auto- 
erotic satisfactions and sexual contact 
with other children Moreover, it has be- 
come apparent that pathological depend- 
ence on the mother is caused by nonsexual 
factors — particularly by a dominating at- 
titude on the pait of the mother, which 
makes the child helpless and frightened, 
thus intensifying the need for the mother's 
protection and affection. 

The conflict between father and son — 
the aspect of the Oedipus complex with 
which we are here concerned — has little 
to do with sexual rivalry, but is charac- 
teristic of patriarchal society and family 
life In such societies the children, and 
particularly the sons, are conceived of as 
the property of the father whose interest 
they should serve. This concept is m oppo- 
sition to fundamental qualities of human 
nature, to man's wish to be free and inde- 
pendent and to be an end and not a means. 
Hence an authoritarian, patriarchal struc- 
ture necessarily results in a conflict be- 
tween fathei and son. either overt or 
unconscious; rebellion against paternal 
authority results in a conflict of which the 
intensity is proportionate to the degree of 
pressure exercised by parental authority. 

Freud's concept of the Oedipus complex 
is part of a broader concept in which neu- 
rosis is explained as the result of a conflict 
between the irrational passions of the 
child and reality represented by the par- 
ents and society. In such a concept it is 
the child who is the “sinner,’ 1 and neurosis 
is the punishment, as it were. 

The concept of the Oedipus complex 
presented here is also part of a larger 
concept of neurosis. The cause of neurosis 
is seen in the conflict, not between man's 
irrational passions and the justified de- 
mands of society, but between man's 
legitimate striving for freedom and inde- 
pendence and those social arrangements 
which thwart it, creating destructive pas- 
sions which must in turn be suppressed by 
external or internal force. 

Whereas Freud assumed that the con- 
flict arising from the child’s incestuous 
striving is rooted in his nature and is thus 
unavoidable, I believe that in a cultural 
situation in which respect for the individu- 
ality and integrity of every person — hence 
of every child — is realized, the Oedipus 
complex will belong to the past, as does 
the Oedipus myth. 


Erich Fromm is a psychoanalyst 
and author of the books Escape 
from Freedom and Man for Himself. 



OEDIPUS DIES, and saves Athens, by entering the grove of the “Awful 
Goddesses.” Fromm holds that the goddesses represented earlier matriarchal 
culture and that death of Oedipus was symbol of their victory in the play. 
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Uranium Pile in France 

T HE first self-sustaining chain leaction 
to be produced outside of the English- 
speaking nations, which have hitheito pos- 
sessed the “secret” of harnessing nuclear 
energy, has just been achieved by French 
physicists. Fiederic Joliot-Curie, director 
of the French Atomic Energy Commission, 
announced that a uranium pile went into 
opeialion last month at Fort de Chalillon, 
on the outskirts of Paris. 

The French pile has two unusual lea- 
tures: it uses heavy water instead of 
graphite as a model ator, and its reacting 
material is not pure uranium but uianium 
oxide. To U. S. workers, who have taken 
great pains to refine the uianium used in 
their reactois. the ability of tire Cluitillon 
pile to sustain itself on impure uranium is 
something of a surprise Joliot-Curie indi- 
cated that France hopes to trade this “se- 
cret” for “secrets” and uianium ore fiom 
other nations. 

The French physicists developed their 
pile in a little less than thiee yeais at a 
cost of three billion francs — far less than 
the cost of the U. S and British piles, 
Joliot-Curie stated that the Chatillon pile 
is to be devoted not to military pm poses 
but to the production of radioisotopes and 
to research on the harnessing of nuclear 
energy for heat and power. 

Blackett Book 

T HE challenging and controveisial 
work by the British physicist Patrick 
M. S. Blackett, Military and Political Con- 
sequences of Atomic Energy , which was 
recently published in England, will be 
brought out in the U. S. next month by 
Whittlesey House under the title Fear , 
War and the Bomb . A February selection 
of the Book Find Club, the book is certain 
to receive considerable attention among 
scientists and laymen m the U, S. 

Blackett’s volume, already widely dis- 
cussed on both sides of the Atlantic, pre- 
sents a detailed analysis of the atom 
bomb’s impact on war and politics, and 
sharply criticizes the U. S. proposals for 
the international control of atomic energy. 
Its author, winner of the 1948 Nobel prize 
in physics, is a former member of the Brit- 



ish Government’s Advisoiy Committee on 
Atomic Energy and was a lcadei m war- 
time tactical leseaich. The impoitance of 
his book was emphasized by the fac! tliaL 
the day aftci it was published in England, 
the Bntish delegation to the UN Atomic 
Eneigy Commission issued a lefutalion ol 
lus views. The U.S.S 11 , on the olhei hand, 
waimly applauded them Recently the 
book was vigorously attacked by Fied- 
enek PI. Osborn, U S delegate Lo the 
UN Atomic Eneigy Commission, in a ladio 
debate with Blackett in England 

Coldest Cold 

T HE lowest tempei atut e evet attained 
m an Ameiican labmatory — .05 de- 
giees above absolute zeio — lias been 
achieved at Ohio State Univeisity by a 
gioup undei John G. Daunt. 

Ohio State's “coldest cold” is somewhat 
short ol the world recoul, .006 degiees ab- 
solute, achieved at the Univeisity of Ley- 
den in the Kannneilingh Onnes Lahma- 
lory, the world’s foremosl eenlei ol low- 
temperalute leseareh. This leeord is not 
expected to sland for long, however, ihrec 
laboratories—- Ohio Slate, Ox foul and 
Leyden — aie all at woik on apparatus 
with which they expect to attain tempei a- 
Luies of one millionth of a degree absolute. 
Low-temperature icseaich, now an active 
field in the study of the stuictuie of mal- 
lei, is also being conducted in oLher lab- 
oratories. 

AM. A, Campaign 

A T least 55 million Ameiicans pay pail 
- or all of their medical or hospital bills 
through a prepayment seivice plan oi 
some form of insurance. The Blue Cross 
hospital plan, which is sponsored by the 
Ameucan Hospital Association, now fiu- 
nislies hospital seivices to 32 million sub- 
scribers. In the field of medical caie, on 
the otliei hand, coverage usually takes Lhe 
form of piivately written cash indemnity 
insurance The medical seivice plan spon- 
sored by the medical profession, called 
Blue Shield, is not widely popular, for its 
geogiaphical coverage is limited and the 
services it offers vary considei ably. 

Paul R. Hawley, former medical chief 
of the Velerans Administration and now 
chief executive officer of both Blue Cross 
and Blue Shield, proposed some months 
ago that the twd organizations set up a 
national corporation empowered to offer 
uniform hospital and medical service 
throughout the country. He sought the 
support of the American Medical Associa- 
tion, arguing that the corporation was 
needed to head off compulsory Federal 
health insurance, now considered a dis- 





tinct possibility as a tcsult ol the Novem- 
bei eledion 

Last month the A.M A House ol Dele- 
gates l el used toendoiscDi Hawley's plan 
and lelmked an A.M A agency. Asso- 
ciated Medical Cate Plans, loi taking pait 
in pieliminaiy oigamzing activities. The 
/V M.A. objected to the plan oil the giound 
that the national coipoialion might he in 
violation ol the antUuisi laws l)i. Hawley 
has announced that the cot poruUon, which 
is to he known as the Blue (hoss-Bhie 
Shield Health Seivice, will go for waul 
novel theless. 

The A.M. A. delegates on the other 
hand, aulhmized a $25 assessment upon 
each ol the A M.A 's 140,000 memheis to 
raise a $3,500,000 hind fot an educational 
campaign on “the advantages ol the 
Ameiican .system in seeming a wide dis- 
tiihution of a high quality ol medical 
caie” The manner m which tin* land is 
lo he spent has not been indicated. As a 
tax-exempt non-piohl organization, tin* 
A. M.A. is not pei milled to engage in ac- 
tivity on behalf ol m against pending 
legislation. 

School for Psychotherapy 

A NEW type of school intended to re- 
lieve the great shortage ol psyehia- 
tiisls, of whom there an* only 4,000 in the 
U. S., has been established in New York 
CiLy by the non-profit Instil tilt* for Re- 
search in Psychotheiajjy. The school, 
called the Postgraduate Centci foi Psy- 
chotherapy, is training clinical teams of 
psychiatrists, psychologists and psyehial- 
lic social workers as staffs lor new clinics. 
Some of its courses ate also open to piac- 
Lilioneis in allied fields, such as teachers, 
social scientists and ministers, 

Agene Prohibited 

W ITHIN a year, nitrogen trichloride 
gas, hettci known under the trade 
name of Agene, will no longer he used for 
bleaching bread flour. It is off the new 
U. S. Food and Drug Administi ation list 
of approved wheat flour bleaches. 

Nitrogen trichloride has been the most 
widely used bleaching agent for wheal 
flour for 25 years. In 1946 Sir Edward 
MeJlanby, the English food chemist, dis- 
covered that Agene-lraited wheal is a neu- 
lological poison which in dogs causes 
“running fits,” a form of epilepsy. Itis 
finding was quickly confirmed in Lhe IJ. S. 
and the substance was found toxic to sev- 
eral other mammalian species. No clear 
proof has yeL been adduced as lo whether 
Agenized flour is or is not toxic to human 
beings in the quantities present in the nor- 
mal American diet Army Quartermaster 
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Coips leseaichers hold that it may be re- 
sponsible foi the marked inciease m ulcers 
m the U. S during the past geneiation. 
The physiologist Anton J. Carlson of the 
University ot Chicago believes that it may 
be responsible lor other neurological dis- 
01 deis as well. 

About a yeai ago the baking industry 
began to switch to othei chemicals foi 
bleaching and cui mg the yellowish, hard- 
to-bake wheat meal that comes from the 
flour null Completion of the compulsory 
changeover will take several months 


Giant of South Africa 

T HE fossil remains of a new man-ape, 
one of the larges L evei found, have 
been uneaithed neai Johannesburg, South 
Africa. The find was made jointly by a 
University of California expedition and 
Robeit Broom, the discover ei of the man- 
apes Plesianthi opus and Par anthi opus 
(Scientific American, May, 1948) 

The new fossil has been named Swait- 
kians Man. Broom’s first report gives no 
indication of the age of the lemains. The) 
include a lower wisdom tooth, two upper 
incisors, an uppei canine and a large part 
of a lowei jaw with three piemolar- and 
foui molars. The size of these teeth indi- 
cates that then possessor’s weie heaviei 
and possibly tallei than Meganthiopus of 
Java, a monster nine feet tall and two and 
a halt times as massive as modem man. 

Compaied with the Swartkrans find, the 
other man-apes discovered in South Afiica 
were pygmies. The three types in the fam- 
ily called the Austialopithecmes — Taungs 
Man or Australopithecus. Steikfontem 
Man or Plesiantlu opus, and Kromdraai 
Man or Paranthiopus — were only about 
torn teet tall 

New UNESCO Director 

J ULIAN HUXLEY, the British biologist. 

has been succeeded as dnector-general 
of UNESCO by Jaime Torres Bodet. the 
46-year-old foreign minister of Mexico 
Bodet, who will hold office for six years, 
was elected by a 30-to-3 vote. He rs a 
teacher and poet who published his first 
works at the age of 16. Two years ago he 
tvon a world reputation for his brilliantly 
successful campaign against illiteracy in 
Mexico, built around the slogan “each one, 
teach one.” 


Meetings in February 

A MEPJCAN PHYSICAL SOCIETY. 
. Berkeley, California, February 3-5. 
American Institute of Mining and Met- 
allurgical Engineers. San Francisco, Feb- 
ruary 14-17. 


INFRARED IN ACTION 



A Perhn-EImer Infrared Spectrometer in the Spectroscopy Labora - 
tor) of the Massachusetts Institute of Technology Its versatility 
permits general application to fundamental and applied research 
problems in chemistry and physics 

THE INFRARED SPECTROMETER- 
A BASIC TOOL FOR ACADEMIC RESEARCH 

U NTIL recent years infrared spectio meters weie to be 
found m only a few universities m the woild However, 
the war needs foi concentiated research and new production 
methods greatly broadened the field of infrared applications. 
This development changed the status of the infxaied spec* 
trometer from a specialized lesearch apparatus to a standard, 
basic tool for a great variety of scientific work. 

In the Spectroscopy Laboratory of the Massachusetts Insti- 
tute of Technology a Perkin-Elmer infrared spectiometex is 
used for fundamental research on the structure of such 
molecules as cyclooctaletrene and the pmidmes Also, the 
spectroscopy group trams students in instrumental analysis 
and provides valuable seivice to other departments for identi- 
fication and qualitative analysis ol unknowns, and quanti- 
tative analysis of oigamc mixtures. 

Thus the University — m fulfilling its research needs and 
in training the scientists of tomorrow — finds increasing 
application of the infrared spectiometer 

We will obtain spectra of samples to study' possible appli- 
cation of infrared methods to analysis. Submit your problems 
to The Perhn-EImer Coip , Dept 72 , Glenbrook , Conn. 



MODEL 12C INFRARED, 
SPECTROMETER 



P€RKin-anrcR 


(ORPORRTIOn 

GKnBROOK.conn. 

Serving the optical sciences that broaden man 7 * horizon 





THE TROPOSPHERE, the turbulent atmospheric lay- the familiar cloud formations, which seldom extend 

ex at the earth’s surf ace, is photographed from jan Aero- above 7 miles. The hazy edge of the curbed hor xzon illus- 

eroeket 57 miles above White Sands, M*ME, pelow are trates the atmosphere’s rapid thinning with altitude. 
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Above the thin layer of dense air in which we live 
is a great mantle of dispersed atoms and molecules 
swept by the ceaseless bombardments of outer space 


I N 1714 Edmund Halley of England, 
the foremost astronomer of liis time, 
confidently observed: ik The theory of 
the air seems now to be perfectly well un- 
derstood, and its different densities at all 
altitudes, both by leason and expeiiment, 
are sufficiently defined ” Halley's concep- 
tion was simple. He calculated that the 
eaith's atmospheie was 45 miles high, and 
that the ail became steadily thinner and 
colder towaid the top until it meiged into 
outer space. 

That, of course, was before radar, 
Geiger counters and V-2 rockets. We aie 
now discoveiing that man lives on the floor 
of an ocean of aii that is at least 2,000 
miles deep and of subtle complexity. Its 
upper layers, which shield the earth 
against powerful bombardments from 
outer space, are swept by titanic tides of 
air and by radiations which raise their 
temperatures to fantastic levels. 

For vaiious leasons, largely military, 
the upper atmosphere is currently under 
most intensive investigation. Seldom has 
such a vaiiety of scientific resources been 
brought to bear upon a single problem. 
Information about the upper atmosphere 
is being obtained from studies of meteors, 
comets, noctilucent clouds, auroras, the 
solar spectrum, radio waves, sound waves, 
the age of ancient rocks, the duration 
of twilight, the light of the night sky. 
Thus, although direct atmospheric meas- 
urements have been limited to some 20 
miles by plane and balloon and to some 
100 miles by rocket, the air seems now to 
be moderately well understood to a height 
of 500 miles. 

Halley’s calculations were based mainly 
on mountain climbers’ soundings of air 
pressure and on Boyle's law, namely, that 
the volume of a gas varies inversely with 
the pressure to which it is subjected. 
Halley also cited as supporting evidence 
his observation that most meteors ap- 
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peared at heights of about 45 miles; he 
accepted Aristotle's notion that meteors 
were formed from vapois that rose from 
the earth and condensed at the ‘*top of the 
atmosphere.” Halley's assumption that air 
pressuie and temperature decreased uni- 
formly with rising altitude seemed to be 
confirmed by later probings of the atmos- 
phere by kite-flyers and balloonists, who 
by the early 19th century had leached 
heights of 20,000 feet and more. (Strange- 
ly, not until 1892 did it occur to anyone to 
send up an unmanned balloon equipped 
with instruments.) 

The Three Shells 

The modern understanding of the at- 
mosphere began in 1898. wdien the French 
meteorologist Leon P. Teisserenc de Bort 
divided the air into two shells: 1) the 
troposphere (from the Greek, trap os, oi 
turn ) , meaning the stirred-up lower por- 
tion, and 2) the stratosphere, the layered 
upper atmosphere Twenty years later 
Arthur Edwin Kennelly of Harvard Um- 
veisity and Oliver Heaviside of England, 
by studying reflected radio waves, proved 
the existence of the ionosphere, a region 
of ionized an particles above the strato- 
sphere. 

The troposphere, which is not really a 
sphere but an oblate spheroid, ranges in 
height from ten miles at the equator to 
five miles at the poles. This shell, closest 
to the earth, constitutes less than one 
third of one per cent of the total volume 
of the atmosphere, but its densely packed 
molecules account for more than 79 per 
cent of the total air mass. The strato- 
sphere, extending from the top of the 
troposphere to a height of about 50 miles, 
represents less than two per cent of the 
atmosphere’s volume and about 20 per 
cent of its mass. Above the stratosphere, 
the huge, rarefied shell of the ionosphere 


rises to 2,000 miles or more. Although it 
occupies more than 97 per cent of the at- 
mospheric space, it accounts for less than 
half of one per cent of the air mass. Its 
gas particles, 10 million times rarer on 
the average than the an at the surface 
of the earth, are more widely spaced than 
in the best vacuum ever obtained with a 
laboratory pump. 

The principal interest of the present 
research is, of course, in the stratosphere 
and the ionospheie, which together are 
considered to constitute the upper atmos- 
phere. It is convenient for discussion to 
divide the upper atmosphere into two 
regions: that below 500 miles, which is 
relatively well known, and that above 500 
miles. 

Gases in the Atmosphere 

Of what is the atmosphere composed? 
E.ecent analyses have determined the tro- 
posphere's composition rather accurately. 
By volume, 99.99 per cent of dry tiopo- 
spheric air is composed of just four gases, 
of which nitrogen constitutes 78 09 per 
cent, oxygen 20.95, argon .93, and carbon 
dioxide .03. The other one hundredth of 
one per cent is made up of neon, helium, 
krypton, hydrogen, xenon, radon and 
ozone (oxygen containing three atoms to 
the molecule). Because of the vigorous 
mixing of the air in the troposphere, the 
proportions of these various gases are re- 
markably uniform in samples of air taken 
everywhere on the earth. 

There are, however, wide and important 
variations in other components of the air. 
Water vapor, for example, varies from 
four per cent by volume in the air over- 
lying tropical oceans to .05 per cent or less 
at the top of the troposphere ; the higher 
air is inevitably drier because rising water 
vapor is cooled and precipitated as rain, 
snow, sleet or hail. In addition to water. 
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NOCTILUCENT CLOUDS are a liigli, extremely rare formation that pro- 
vides some information about the upper atmosphere. The altitude of noc- 
tilucent clouds is generally between 50 and 55 miles. This photograph was 
made ne ar mi dni ght from Dr oh ak, Nor w ay , hy the astrophysicist Carl Stonner. 



MOTHER-OF-PEARL CLOUDS, photographed from Oslo by Stormer, are 
seen at 13 to 18 miles. Because die temperature at this height is low, they 
are probably composed of ice crystals. Noctilucent clouds, however, are at 
heights where temperature is high. They may be made up of dust particles. 


the Inwei atmosphere also has vaiiahle 
amounts of dust, bactena, eaibon pai ti- 
des and other material that is blown up 
iioni the eai til’s surface. Although these 
lmpunljcs loim only an insignificant pio» 
poll ion of the aii by weight or volume, 
they have a most lmpoitanl effect on the 
wealhei, for they pi ovule nuclei for the 
condensation of watei. They may also 
dull into the uppei atmosphcie and help 
to hum the high stiatospheiic clouds 
lliei e. 

Fai different is the composition of the 
uppei almospheie. Its piincipal ingtedi- 
ents aie still nitrogen and oxygen, hut 
theic aie significant changes in the lesser 
gases Two excellent illusLi aliens are ra- 
don and ozone. Radon, a piodueL of the 
decomposition of l adium, originates from 
radioactive locks on the eaith. As the 
heaviest of the aLmospheiic gases, seven 
times as heavy as diy air, it tends to settle 
at the bottom of the atmosphere, moreover 
it is radioactive, and so is apt to disinte- 
grate befoie it can he blown up to high 
levels. Hence radon has nevei been found 
in the uppei almospheie. 

Ozone, on the other hand, originates in 
the upper almospheie; it is cioaled in the 
lower sltatospheie by the action ol the 
s u iTs u 1 u avio let light on m ol ecu 1 ai oxy gen. 
As it descends into the ttopospheie, it be- 
comes dissociated again into ordinary 
molecular oxygen Ozone, ihciefoie, is 
relatively raie at ground level, hut in- 
creases with higlioi alii Hide 

The distribution of ozone in the air lias 
been measuied with considerable aceui aey 
by methods involving the absorption of 
light by the gas. These methods are based 
on the principle that ozone absoibs some 
wavelengths of light strongly and others 
weakly. If light that includes both kinds 
of wavelengths passes through a thin layer 
of ozone, a wavelength that is only weakly 
absorbed will come through with much 
less impairment than one strongly ab- 
sorbed. If such light goes Lhrough a thick 
layer of ozone, Lhe absorption of the two 
wavelengths will be more neatly equal — 
just as thick armor plaLe stops a high- 
speed bullet as well as a low-speed one. 
By measuring the differences in absorp- 
tion by ozone of such pairs of wave- 
lengths, the amount of ozone in the air can 
be determined. One method uses the light 
from the sky overhead toward sunset. This 
light reaches the earth by a dog-leg route 
from the setting sun: the sun’s ligliL fol- 
lows a long, slightly curved path to the sky 
ovei the observer, then zigzags down- 
ward to the earth through the atmosphere. 
As the sun sinks lower and lower toward 
the horizon, the region from which most 
of lhe overhead light comes is at higher 
and higher levels. Thus the first section 
of the dog-leg route rises and provides a 
moving yardstick for measuring ozone 
absorption at successive levels. 

These measurements have established 
that there are appreciable amounts of 
ozone in the air at altitudes of from one 





to 30 miles, 60 pel cent of it is concen- 
tiated m the legion fiom 10 to 20 miles. If 
all the ozone m the atmospheie were con- 
centrated m one puie layer at sea-level 
pressuie. it would form a film over the 
earth only about one tenth of an inch 
thick Yet this small amount plays a large 
role. As a powerful absorber of solar la- 
diation. ozone heats the stratospheie to 
much higher temperatures than those m 
the troposplieie. The fact that the ozone 
content of the troposphere varies with sur- 
face air piessure may prove helpful in 
weathei forecasting. It may also be sig- 
nificant that the ozone layei is thicker and 
lowei at the poles than at the equator and 
that the ozone content of the air is greatest 
in spung and least m autumn. 

As for otliei gases, it appears unlikely 
that the upper atmospheie contains any 
xenon or krypton, both of which aie con- 
siderably heavier than air; it can have 
only tiaces of caibon dioxide, argon and 
neon, all of which are extiemelv raie even 
at sea level. 

Helium 

The pnncipal unansweied question is: 
How much helium exists m the upper ail ? 
The gieat height of the atmospheie aigues 
that its uppei levels aie filled with some 
very light or hot gas Does helium become 
more and moie common at high levels? 

This question has been studied by spec- 
troscopic analysis of the absoiption and 
emission of light by the vanous gases m 
the atmosphere. Each gas, of couise, pio- 
vides a fingerprint of itself by its charac- 
tenstic absoiption of light at eeitain wave- 
lengths. Examination of the absoiption 
spectra of the upper an shows no evidence 
of helium. This is not conclusive, however, 
for other known constituents of the air, 
notably nitrogen, also lad to produce ab- 
sorption spectra, eithei because they do 
not absorb strongly at the temperatures 
that exist in the upper atmosphere, or be- 
cause they absoib at short ultraviolet 
wavelengths where they are masked by 
the bioad absorption bands of ozone m 
the same region. 

Emission spectra — the identifying ra- 
diations emitted by each gas when its mol- 
ecules or atoms are excited — have yielded 
more significant information. They are 
obtained from auroras and from the faint 
light given off by the night sky. The 
auroras are produced by the excitation of 
the upper an by corpuscles emitted from 
the sun. Because the corpuscles are 
charged, they aie swerved by the earth’s 
magnetic field and swarm toward the two 
magnetic poles. Thus the auroras are usu- 
ally seen at far northern or southern lati- 
tudes. By means of simultaneous photo- 
graphs from two or more places, the 
auroral displays can be located in space, 
and they have been found to extend up to 
400 miles above the earth. Although their 
spectra show abundant evidence of nitro- 
gen and oxygen in the upper atmosphere. 


they exhibit no sign of helium The night 
sky spectrum (which, incidentally, shows 
the emission line of atomic sodium, the 
presence of which in the upper atmos- 
pheie has not been explained) also fails 
to show helium 

These observations do not rule out the 
presence of helium, for it is still unknown 
whether the electromagnetic field m the 
amoral legions is strong enough to excite 
helium atoms so that they emit light 
Nevertheless the weight of the evidence 
indicates that the uppei atmosphere, at 
least up to a height of 500 miles, consists 
predominantly of oxygen and nitrogen at 
high tempeiatures. a condition which 
would account foi the height of the atmos- 
phere as well as would helium 

If this is the case, what has become of 
the vast quantity of helium that has been 
fed into the atmosphere by the breakdown 
of radioactive elements in locks during 
the millions of years of geological time? 
It has been calculated that during its life- 
time the earth’s crust has released more 
than 12 times as much helium as now ex- 
ists in the atmosphere, even assuming that 
the ionosphere above 500 miles is nothing 
but pure helium. The only possible expla- 
nation is that helium is constantly escap- 
ing fiom the outer atmosphere into intei- 
planetary space The velocity of helium 
atoms even at moderate temperatures is 
gieat enough so that at heights of many 
thousands of miles huge numbers of he- 
lium atoms could escape from the earth’s 
gravitational field. 

The same holds true for hydrogen In 
the lowei atmosphere only the barest 
tiaces of this gas exist — a mere .00005 of 
one per cent by volume, according to 
measurements by the British chemist F A. 
Paneth. If helium escapes from the atmos- 
phere, hydrogen must do so at a very much 
fastei rate, for the hydrogen molecule is 
lighter and speedier than the helium 
atom. It is most unlikely, therefore, that 
the upper atmosphere contains any ap- 
preciable amount of hydrogen. This con- 
clusion is supported by certain laboratory 
experiments in which auroral spectra have 
been reproduced. It was found that even a 
trace of hydrogen suppi esses the after- 
glow that is characteristic of auroral 
emission. 

Clouds 

Nearly all of the clouds in the sky, even 
the high, wispy cirrus clouds and the tow- 
ering thunderclouds, lie wholly within the 
troposphere. But there are two kinds of 
clouds that do belong to the upper atmos- 
phere. One is the mother-of-pearl clouds, 
so called because of their shiny, banded 
coloring. They have been observed in 
northern latitudes, notably over Norway, 
at stratospheric levels of 13 to 18 miles. 
Because temperatures at these heights are 
veiy low, the cloud particles probably 
are ice or supercooled water droplets. 
These clouds may be formed by a welling 


up of tropospheric air that thrusts small 
amounts of mmstuie into the stratosphere. 

The otliei type is the noctilucent clouds 
that sometimes appeal at the top of the 
stratospheie after sunset, sliming in the 
western sky fiom the reflected light of the 
sun. These clouds may be composed of 
dust particles lather than water, because 
the temperatures at the top of the strato- 
sphere seem to be too high to permit the 
existence of watei or ice molecules at the 
low pressures prevailing tlieie. 

From all this wide vaiiety oi evidence, 
the uppei atmosphere is deduced to be 
made up almost entirely of nitrogen and 
oxygen, with some ozone, small amounts 
of helium, and traces of nitiogen pentox- 
ide. neon and atomic sodium. Above 100 
miles, as the lesult of dissociation by ultra- 
violet light, all of the oxygen and at least 
part of the nitrogen exist in the atomic 
rather than the molecular form. And the 
evidence of spectrographs and the reflec- 
tion of radio waves shows that, at least in 
the lower ionosphere, the oxygen and ni- 
trogen particles are largely ionized. 

Temperature and Density 

Thirty years ago the prevailing con- 
ception of the temper attire and density 
of the atmosphere was still much like 
that constructed by Halley. It was gen- 
eially thought that temperatuie dropped 
steadily through the troposphere, re- 
mained about constant thiough the strato- 
sphere, and then decreased nearly to 
absolute zero in the outer leaches of the 
atmospheie. There weie one or two 
puzzling contradictions that did not fit 
into this simple picture A cold atmos- 
phere is a shallow atmosphere, and it is 
therefore extremely rare at great heights. 
It seemed stiange that such a rare upper 
atmosphere would provide enough air par- 
ticles to pioduce auioras to heights of 400 
miles and to form strongly marked ionized 
layers at heights of 100 miles and more. 
But too little was then known about 
auroras and ionized layers to challenge 
the prevailing theory. 

Thirty yeais of research since then have 
entirely changed our understanding of the 
atmospheric profile. It is now fairly well 
established that the upper atmosphere 
ranges from warm to hot, with at least 
two zones of extreme rises m temperature 
and two of precipitate drops. The pioneer- 
ing studies that had most to do with form- 
ing this picture were those on the peculiar 
irregularities in the propagation of sound, 
and those on the behavior of meteors. 

Skipping Sounds 

During World War I it was often no- 
ticed that the sounds of explosions seemed 
to travel in hops. A specific explosion 
might be heard at 30 miles and at 60 miles 
from the point of detonation, but not in 
the areas between. When the areas of au- 
dibility for a given explosion were plotted 
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PRINCIPAL FEATURES of the lower part of tlie up- 
per atmosphere ate shown in four profiles on these two 
pages.. Giron above are the altitudes of clouds, the 
heights at whieh meteors appear (50-80 miles) and dis- 
:»Bear f 3f|*§0 h#es) * Aurora levels are 60-400 miles. 


LITERAL EXPLORATION of the atmosphere has 
thus far been limited to a few low-altitude excursions. 
Rockets have penetrated the ozone layer (see third pro - 
file from left) to reveal important information about 
the ultraviolet radiation entering the upper atmosphere. 
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DISTRIBUTION OF GASES according to altitude 
shows much variation when entire atmosphere is con- 
sidered. Heavier gases tend to concentrate at lower lev- 
els. Ozone layer is indicated by O3. Accepted informa- 
tion is indicated by black arrows; tentative data in red. 


THE IONOSPHERE is a vast shell of gas atoms and 
molecules ionized by radiations bombarding the earth 
from space. These charged atoms and molecules reflect 
radio waves. Longer waves are most easily reflected; 
higher frequencies tend to penetrate ionospheric layers. 
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AURORA POLARIS is caused when a great stream of charged particles 
emitted by the sun enters the upper atmosphere of the earth. The atoms 
and molecules of gas in the atmosphere are thus exciLcd to emiL light. 



on a map, they foimed a banded pattern 
in the shape of a set of concenUic lings; 
lings or zones of audibility alternated 
with zones in which Lite sound was nol 
heard at all. Clearly the sound waves weie 
moving ouLwaul fiom the som.ee in loop- 
ing jumps, like a stone skipping acioss a 
pond 

The obvious explanation was that the 
sound waves were bouncing back and 
I oi t]i between ihe earth and the loot 
foimed by the uppei aLmosphoie, But how 
could the cold uppei ah bend the waves 
back towaid the eaith? It was known that 
the velocity of sound dec) cased with de- 
creasing temperatuie oi the au. It the air 
became steadily coldei as a sound wave 
rose diagonally fiom the giound, then the 
uppei [>ait of Lhe sound-wave fiont, being 
in coldei air, should travel moie slowly 
than the lower pail, and the wave would 
pivot and he bent upward, not downwind. 

There were two possible ways of ac- 
counting for a sound wave’s being bent 
downwaid. One was to assume tluiL the 
wave encountered a layei containing a 
veiy light gas such as hydrogen 01 helium. 
Since the velocity of sound increases with 
the deci easing moleculai weight of air, 
the lighter gas on the upper side of the 
wave would serve to speed up dial part 
and pivot the wave downwaid. To produce 
the amount of downwaid bending that was 
observed, however, hydiogen or helium 
would have Lo constitute at least 25 per 
cent of the stralosphenc air. All the evi- 
dence denied such an assumption; l'oi one 
thing, if there weie so much hydrogen or 
helium in the stratosphere, there would he 
a much higher percentage of those gases 
in the lower atmospheie than had ever 
been obseived. MeLeoiologists weie theie- 
foie compelled to accept tlie otlxei ex- 
planation: that the waves weie bent 
downward by regions of high temperatuie 
in the stratospheie. 

As a sound wave lises fiom Ils source 
it is first turned upward by the incicasing- 
ly cold aii of the Uopospherc. This ac- 
counts for the first skip, i.o , the zone on 
the giound in which Lhe sound cannot be 
heard. When the wave leaches the wanner 
an of the sliatosphere, it is turned back, 
and thereafter it bounces between the 
ground and the stratosphere ovei a widen- 
ing region until its energy is reduced to 
inaudibility. 

Calculations based on the bounces of 
Lhe sound waves placed the reflecting, 
lugli-tenrpei ature region in the strato- 
sphere at a height of roughly 25 to 40 
miles. Tlie next sLep was to define the re- 
gion and compute its temperatures by 
means of more piecise experiments. One 
of the most successful experiments, con- 
ducted by F. J. W. Whipple m England, 
used an extiemely sensitive special micio- 
phone to detect the reflections of sound 
waves, to define the zones where they weie 
received on the ground and to determine 
their angle of arrival. Whipple’s careful 
experiments and those of other invest!- 


gatois showed that m the upper strato- 
sphere tempeiatures rhe with increasing 
altitude fiom 15 to 30 miles and reach 150 
degiees F at the 30-nule level. 

Meteor Tiacks 

Approximately the same findings had 
been made even earlier as the result of 
studies of meteors by F A Lmdemann 
and G. M B. Dobson of Oxford Univer- 
sity. They reasoned that upper atmosphere 
densities must be i dated to the behavior 
of these tiny objects, most of them no 
bigger than a pinhead, which appear sud- 
denly m the lower ionospheie and pro- 
duce a long, bright trail across the sky. 

The minuscule meteoi itself is invisible 
Whizzing through the atmosphere at tre- 
mendous speeds, up to 60 miles a second 
or more, it leaves a cone-shaped tram of 
incandescent vapoi which may remain 
luminous for many minutes. Ordinary air 
could not retain an incandescent tempeia- 


meteor Not until this cap is heated to a 
high temperatuie and passes its heat to 
the meteor itself does the meteor begin to 
vapoi ize This is the stage at which the 
meteor makes its appearance, what the 
observer sees is the incandescent ail cap 
and the trail of hot vapoi 

If this theory is correct, when the speed 
and height of a meteor are known one 
can estimate the density of the air at the 
levels at which the meteor appears and 
disappears. On the basis of observations 
of several hundred meteors. Lindemann 
and Dobson estimated that the atmosphere 
from 40 to 100 miles up must be more 
than 1,000 times denser than was previ- 
ously supposed, and that the temperature 
in this region must be at least 80 degrees 
F Their estimate was confirmed b\ sev- 
eral kinds of independent evidence, in- 
cluding the fact that at the lowest speed 
at which meteors have been observed (12 
miles per second), the temperatuie of the 
air must be at least 80 degrees to vaporize 



SPECTRA OF SUN made from V-2 rocket graphically demonstrate ultra- 
violet cut off by ozone layer. Spectra, from top, were made at heights of 1* 4, 
10, 15, 20 and 35 miles. Short ultraviolet wavelengths are to the right. 


tuie foi any such length of time It is likely 
that the meteor ionizes and dissociates the 
air molecules, creating energized particles 
which continue to radiate long after the 
meteor itself has disintegiated. 

Meteors usually are first seen at from 
50 to 80 miles above the earth and disap- 
pear in the legion between 10 and 50 
miles. Wheie do they come from? Why 
are they visible only in this specific por- 
tion of the atmosphere? And how can 
such tiny objects travel scores of miles 
before vaporizing? Lindemann and Dob- 
son reasoned that the meteors shoot into 
the atmosphere from interplanetary and 
interstellar space at such enormous speeds 
that the lelatively few air particles they 
strike m the thin outer atmosphere radi- 
ate their tremendous energy almost in- 
stantaneously. and so do not have time 
to pass on that energy to other particles to 
form a luminous trail. As the meteor de- 
scends into denser air, more and more air 
particles pile up in front of it. They form 
a cap of compressed air ahead of the 


them. Curiously, Lindemann and Dobson 
found that there was a certain zone, from 
30 to 35 miles above the earth, m which 
very few meteors disappear. This may be 
explained by assuming that at about this 
height the meteoi s encounter colder air 
and so are less likely to burn out. 

The Lindemann -Dobson theory has been 
challenged, but both their theory and their 
conclusions have stood up remarkably 
well since they were first propounded more 
than 25 years ago. Moreover, many other 
lines of research, besides those on meteors 
and sound waves, have supported their 
concept — research that has to do with the 
tides in the atmosphere (which, like the 
oceans, is subject to the pull of sun and 
moon) , with the duration of twilight, with 
reflection of radio waves, and with the 
spectra of the night sky and auroras. 

The Profile 

It is now possible to construct tempera- 
ture and density profiles of the atmosphere 


that are highly accurate to a height oi at 
lea*t 20 miles and founded on much le- 
liable evidence for the higliei regions (see 
chart on pages 34 and 35). In the middle 
latitudes of the Noithern Hemisphere, the 
temperature falls fiom a mean of 50 de- 
grees F. at giound level to 55 degiees be- 
low zeio at the top of the tropospheie; 
stays at that level in the lower ^tratospheie 
to 20 miles, ikes in the legion between 
20 and 30 miles; drops back to 28 degrees 
below zeio at the top of the stratosphere 
(50 miles}; and then, as the result of 
ionization in the lowei ionospheie, rises to 
a scoi clung 2,800 degrees m the 300-to- 
500-mile zone. 

Most of the investigation^ of the atmos- 
phere have been made in the middle 
noithern latitudes, and therefore rela- 
tive!) little is known about the higher air 
over the Southern Hemisphere and the 
equatorial legion. There must be distinct 
differences m the profile from latitude to 
latitude because of the varying height of 
the troposphere, differences in the intensi- 
ty of sunlight, variations in ozone content, 
the influence of the great southern oceans 
and of the very cold Antarctic continent, 
and so on 

Paradoxically, in the troposphere the 
lowest temperatures occui not over the poles 
but above the equator, where the tempera- 
ture at the top of the lowei atmosphere 
averages 100 degrees below zero The 
chief leason for this Is that the vertical 
air cunents at the equator ascend to great 
heights so the air cools greatly by expan- 
sion; near the poles the air movement is 
mainly downward and the ail is warmed 
by compression. Another reason is that 
ozone, which is Muongly heated by ultra- 
violet rays from the sun, is moie abundant 
over the poles than over the equator. 

The Ionosphere 

The most fascinating of all the le- 
gions in the upper atmosphere is the tur- 
bulent, highly charged ionosphere. The 
ionospheie is the earth's fiontier with 
outei space. Upon this buffer region falls 
an immense electromagnetic cannonade: 
light rays, ultiaviolet and infrared radia- 
tions, radio waves and corpuscular streams 
from the sun, similar radiations from 
other stars, cosmic rays from interstellar 
space beyond the solar system. All these 
impacts produce a great variety of effects 
on the molecules and atoms of the upper 
air. The ultraviolet ladiations, for exam- 
ple, knock electrons from the air particles, 
split molecules into atoms and leave ion- 
ized molecules and atoms. Cosmic rays, 
shooting into the nuclei of air atoms at 
huge energies, produce a vast, energetic 
debris which cascades down through the 
atmosphere, creating powerful secondary 
showers. 

Approaching the earth, all these incom- 
ing radiations encounter not only an in- 
creasingly dense mass of air molecules, 
but the earth's magnetic field. The charged 


radiations fiom outer space and the ion- 
ized pai tides they produce are strongly 
deflected by the teirestnal magnet In- 
deed, it was thiough the observation ol 
changes in the earth's magnetic field that 
the charged layers in the ionosphere were 
first discovered. The British researchers 
Balfour Stewail and Anhui Shuster 
noticed that the magnetic field showed 
daily variations in intensity that could not 
be explained by changes in the earth it- 
self. They concluded that these variations 
must be caused by electrical currents in 
the upper air, and that the daily cycle 
was due to day and night differences m 
the number and distribution of ionized par- 
ticles in the charged atmospheric layeis. 

This conclusion was confirmed by the 
later studies of radio waves. There are 
distinct differences in the reflection of 
radio waves from the upper atmosphere 
by day and by night. Radio waves, as is 
now known, are reflected from the iono- 
sphere in a manner analogous U> the 
reflection of sound waves fiom the strato- 
sphere. When a ladio wave enters the iono- 
sphere. it induces a cuirenl among the 
charged air particles there The upper 
part of the wave front, being in a more 
highly charged area, is speeded up; thus 
the wave pivots and is bent downward. 
The resulting bounces of the radio wave 
between the ionosphere and the ground ac- 
count lor the reception of radio signals 
around the curvature of the earth. Because 
the amount of cm rent induced among the 
ionized particles depends on the wave- 
length of the radio impulse, there are va- 
riations m the bending of such waves; 
very short radio waves normally are not 
reflected back to the earth and hence they 
cannot be transmitted beyond the horizon. 

Measurements of the height and amount 
of bending in radio waves of various fre- 
quencies make it possible to determine 
the height of the charged layers in the 
ionosphere and to estimate their thick- 


height and thickness of the layeis vaiy 
with the daily, seasonal and long-teim 
solar ladiation cycles. The E and Fj layeis 
are most sharply defined at the times and 
places of maximum solar radiation; i.e., 
within the tiopics, particularly at noon, 
and at noon of the summer solstice out- 
side the tropics. Ionization of these layers 
also increases in periods of sun-spot 
activity. 

The F 2 layer seems to he a special case; 
during the summer it has a double daily 
maximum, morning and afternoon, and its 
seasonal peaks occur al the equinoxes 
Theie are marked fluctuations in Lhe 
strength of this layer fiom day to day. 
Apparently it is strongly afTected by mag- 
netic storms. These storms, which spas- 
modically sweep the upper atmosphere, 
aie caused chiefly by solar eruptions that 
produce sudden buists of intense ultra- 
violet radiation, radio waves, or corpuscu- 
lar streams. These electromagnetic up- 
heavals obviously have a powerful, some- 
times completely disruptive, eflecl upon 
laclio communications on the eaitli. 

There is evidence LhaL the uppei uLmos- 
plieie is also stored by gales fai more 
violonl than any in the troposphere. In the 
lower stratosphere, Iree balloons tiacked 
by ladio have shown wind velocities ap- 
proaching 200 miles pet hour, and the 
motion of noctilueent clouds at the lop of 
the stratosphere indicates 400-m.p h. 
winds there The middle stratosphere j\s 
quieter; obsetvation of tire wind-tossed 
Backs of meteors in that legion shows 
that the winds, predominantly easterly, 
range from 65 to 170 rn.p.li. The winds of 
the lower stratosphere m high northern 
latitudes are generally westerly m win- 
ter, easterly in summer. Little is known 
about the winds of the ionosphere, but the 
extremely wide daily temperature ranges 
produced there by solai ionization must 
lesult in vigoious vertical ail cm rents. 


ness. These measurements also indicate 
the density of free electrons, and there- 
fore the temperature, at various levels. 

The Layers 

The calculations show that there are 
two principal reflecting layers: the so- 
called E layer at 60 to 70 miles and the 
much thicker F layer (actually composed 
of two separate layers known as F x and 
F 2 ) at 120 to 200 miles. Two lesser layers 
have also been identified : an intermittent 
D layer at 35 to 40 miles and a high G 
layer somewhere above F. None of the 
four layers is sharply defined ; each simply 
represents a region of maximum ioniza- 
tion. It is thought that the E layer may be 
produced by the ionization of molecular 
oxygen, the F x layer by ionization of 
molecular nitrogen, and the F 2 'layer by 
ionization of atomic oxygen. , 

Reeausejhe energy for ionization comes 
ultraviolet radiation, the 





The Outer Regions 

The atmosphei e above 500 miles is still 
an unplumbed mystery. Beyond 500 miles 
there are no auroral lights, reflecting lay 
ers or other clues to help the investigator 
But physical reasoning and theory and 
astronomical observations offer some 
guidance. 

It is known that this outer atmosphere 
must be extremely rarefied; by the mosi 
conservative estimate it is less than one 
billionth of lhe total atmospheric mass 
Any estimate of the height to which it ex 
tends depends in part on the definition o: 
the atmosphere. One approach is to de 
fine the top of the atmosphere as ar 
equilibrium surface analogous to that o: 
a liquid in a closed container. The nel 
loss of molecules from such a liquid h 
zero, because the number of molecule! 
evaporating from the liquid into the over 
lying saturated air is exactly balanced b] 
the number returning to tire liquid fron 
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the air By analogy, it is possible to pic- 
Luie the top of the atmosphei e as a sui face 
at which the escaping air panicles are 
balanced by incoming pai tides oi intei- 
stellai gas. 

Sn James Jeans, Lyman Spitzer and 
other astronomer s have estimated that the 
tempeiature of the inlerstellai gas is fiom 

18,000 to 27,000 degrees F. Assuming tint 
the temperature of the atmosphere in- 
creased fiom the F layer upwaid at a i ate 
inversely propoitional to the square ol lhe 
lieigliL, that Lhe an panicles at the top of 
the atmosphei e were at a lempeialiue ol 

18.000 degrees, and that they consisted, 
like the ml ei stellar gas, almost wholly 
oJ ionized alonuc hydrogen and fiec elec- 
tions, G. Giimmmgcr of the Douglas An- 
caafl Company has calculated dial the 
height of die atmosphere would be about 

16.000 miles. If the outei atmosphei e is 
assumed to consist of atomic mitogen, 
similai calculations would give it a height 
oi about 6,500 miles. Computations based 
on other gases give height values between 
6,500 and 16,000. 

An outer atmosphere of hydrogen, as 
has been pointed out, seems highly un- 
likely, lor al a temperature of 18,000 de- 
grees die speedy hydrogen atoms won hi 
zip oil into space. Atomic nitrogen oi 
atomic oxygen, however, would he held 
by the earth’s gravitational field at heights 
of 16,000 miles and beyond. Still, Lhe 
evaporation analogy or equilibrium ap- 
proach is not entirely satisfactory as a 
means of calculating Lhe heigliL ol the at- 
mosphere, foi il ignores the likelihood of 
dissipation of the outermost atmosphere 
through the escape of exceptionally 
speedy individual pai tides. The atmos- 
phere is so raie above 500 miles dial pai- 
ticles often travel hundreds or thousands 
of miles he foie being checked by collision 
with other panicles. Thus the chances are 
high that individual particles may curve 
off mlo ouLer space without interference. 
The calculations of maximum height of 
the atmosphere aie based on average par- 
ticle velocities, but if it is assumed that the 
velocities of individual particles are not 
uniform — the usual condition in gases — 
some of the pai tides might be above Lhe 
critical escape velocity. Because of their 
escape, the height of the atmosphere 
would be less than calculated. 

A better approach to this problem has 
been suggested by the Bridsh cosmologists 
E. Anhui Milne and Sir James Jeans. 
They leasoned lhaL at great heights a 
critical level must be reached where the 
frequency of collisions between particles 
is so low that foi all practical purposes it 
is zero. At this level and above, the par- 
ticles would move as fiee bodies in a gravi- 
tational field. Those starting upward 
would be unchecked and would leave the 
atmosphere whenever their velocity was 
greater than the escape velocity. The ve- 
locity of a particle would depend on its 
composition and temperature. If these 



two factois were known — or assumed — 
the nature and height of the atmosphere 
above the critical level could be com- 
puted on a basis of statistical probability. 

Following this line of reasoning, Giim- 
minger has constructed a model for an 
upper atmosphere composed of atomic 
nitrogen and atomic oxygen. He placed 
the critical level arbitrarily at the stage 
where the mean collision frequency is one 
collision per paiticle each 20 minutes. 
Starting with the known tempeiature in 
the F 2 region at about 180 miles (com- 
puted from iadio-reflection measure- 
ments) , and assuming that the temper a- 
tuie mci eases at a rate inversely propor- 
tional to the squaie of the radial height, 
he calculated that the cutical collision 
level is reached at a height of 391 miles 
at the 45 degree northern latitude. Above 
this level the temperature stabilizes at 
2,839 degrees F. and the particle density 
decreases at such a rate that at 5,500 miles 
theie are only two particles per cubic mile. 

Temperatuie has a different significance 
m the rare upper atmosphere than at sea 
level A space ship in the hot upper at- 
mosphere would not be warmed by the 
ail ; there would be too few air particles 
sti iking the ship to speed up the mole- 
cules m its hull. The ship could gain or 
lose heat only by ladiation. “Tempera- 
ture” in the lonosplieie is simply a meas- 
ure of the speed of the particles of which 
it is composed. 

Grimmingei’s calculations are admit- 
tedly appioximate and involve a number 
of simplifications (for example, they do 
not allow for the intrusion of interstellar 
gas pai tides in the uppermost atmos- 
phere). Above the 1,000-mile height, his 
estimates are at best a guess But for the 
regions between 500 and 1,000 miles his 
results are probably of the light order of 
magnitude, if his assumption of an atmos- 
phere of atomic nitrogen and oxygen is 
correct. Giimmingei’s analysis was made 
for the purpose of assisting in the design 
of rockets to be shot to the 500-to-l,000- 
mile levels 

The immense outer atmosphere offers 
an immense and exciting area for explora- 
tion. Is the upper atmosphere constantly 
invaded by great quantities of interstellar 
gas — a possibility suggested by the fact 
that sodium ions, which are known to be 
present in such gas, have been detected 
in the night sky spectrum? What effects do 
the turbulences of the upper atmosphere 
produce on the weather of the troposphere 
in which we live? These and scores of 
other problems are being investigated. 
From rocket flights and from the kinds of 
indirect evidence by which we have de- 
rived our present knowledge, we shall cer- 
tainly learn a great deal more about the 
upper atmosphere in the next few years. 


David L Blumenstock is a meteorolo- 
gist and an executive of the Navy Elec - 
ironies Laboratory at San Diego , Calif . 



TRAIL OF A METEOR yields information about the upper atmosphere 
because it is largely made up of incandescent atmospheric gases. Camera is 
pointed toward the pole star. Stars left curved paths during time exposure. 




ORNATE DECORATION appears on the fir^t and solid Ion. This pi events FeimatV independ- 
pagc of Pieirc cle Format's Inti oduction to plane ently developed principles of analytic geometry. 


THE INVENTION OF 
ANALYTIC GEOMETRY 


It is generally attributed to the great Descartes, 
but its development goes hack as far as attempts 
to solve the famous riddle of the oracle at Delos 

by Carl B. Boyer 
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^NALYTIC geometry is usually de- 
fined as the combination of alge- 
bia and geometry through the 
method of analysis, and its inven- 
tion is ci edited to the great 17th-centuiy 
French philosopher Rene Descartes. Both 
these notions, as it happens, are historical- 
ly inadequate. The teim analytic geometi y 
is perhaps as difficult to define as is the 
word mathematics, and the origin of the 
one is not mote easily indicated than that 
of the othei. The story of the evolution of 
analytic geometry, indeed, is the history 
not of a single discovery but of a famous 
problem and its slow solution, of the es- 
sential unity of mathematics and of the 
growth of mathematical ideas. 

The realms of arithmetic and geometry 
have of couise never been entirely inde- 
pendent. The veiy idea of the measure- 
ment of lengths, areas and volumes implies 
the application of numbei to geometrical 
configuration, and this general concept 
may be taken as the source from which 
analytic geometry arose. The Babylonians 
of some 4,000 years ago measured the 
sizes of rectangular figures with great ac- 
curacy, and they made a start on the geom- 
etry of the circle. They were well aware 
of the fact that the sum of the squares of 
legs of, a right triangle is equal to the 




square of the hypotenuse — which history 
has misnamed the Pythagorean theoicm. 
They also took the initial steps toward the 
idea of a coordinate system. Coordinates 
are simply magnitudes or distances that 
determine the position of one point 01 
object with lespecl to certain olliei fixed 
points, lines 01 objects. Babylonian 
astronomers, foi example, detei mined the 
position ot a planet at a given time by 
specifying its angulai distances from cer- 
tain fixed stars 01 stellar configui ations. 
Egyptian surveyors similarly located 
points m the Nile Valley by means oi a 
cooidinate frame not unlike that formed 
by a network of city streets and avenues. 

Inasmuch as analytic geometi y is 
known also as coordinate geometry, one 
might be tempted to assume that its in- 
vention was a direct consequence of such 
pre-Hellenic astronomy and geography. 
This, howevei , was not the case. Analytic 
geometry did not arise out of practical 
problems ; it was instead the outgrowth of 
questions of a purely theoretical and spec- 
ulative nature. 

The source from which the invention 
arose was one of the classical problems 
of the age of Pericles, The story goes 
1 that Athens was afflicted by a plague, and 
its citizens, upon appealing to the oracle 



of Apollo at Delos, were in stun* led to 
double Lhe size of the cubical allat. It 
was geneially undet stood Llial lhe cube 
was to be doubled 01 “duplicated'’ exactly, 
using only compasses and an nmnaiked 
stiaigliledge. The people candidly dou- 
bled each dimension ol the allar, hut lhe 
plague continued; doubling each edge had 
mci eased its volume eightfold rather limn 
l wo l old The plague 1 an its natural couise. 
The Athenians neveilheless continued 
their attempts to solve the “Delian piob- 
lem ” Not unlil some 2,000 years later was 
it recognized thal the oracle had saidoni- 
cally pioposed an unsolvable problem 
The Delian problem amounts simply to 
solving the equation x 2 ~2, but tins could 
not he accomplished by the geometi y of 
the line and on cle alone without recourse 
to arithmetic, as the original restriction 
dictated. The Gxeeks were prevented from 
attempting an algebraic solution, in any 
case, by a disconcerting discovery which 
is said to have cost the discoverer Ills life 
by shipwreck. A member of the Pythag- 
orean school, one Hippasus, had proved by 
rigorous reasoning that there is no number 
that will measure exactly the diagonal of 
a unit square. The answer to this problem, 
which is expiessed in algebraic terms by 
the equation x 2 ^2, is an irrational 



number To the Gieeks this meant that 
geometrical problems are not to be solved 
thioughanthmetic, and hence they banned 
from their mathematics the notions of a 
vanable and of an arithmetical continuum 
— a number system having the same con- 
tinuity as a line. Consequently the Greeks 
never developed an algebra appropriate to 
the methods of coordinate geometry 
Aftei many fruitless effoits to solve the 
cubic equation x 3 =2, the Greeks finally 
decided to seek a solution by relaxing the 
mles, permitting curves othei than the 
circle and straight line to be used. But 
here a peculiar difficulty was encountered 
The Greeks were aesthetically one of the 
most gifted people of all time, yet the 
only curves that they had obseived in the 
heavens and on the earth were circles and 
sti aight lines. The straight and the round 
seem to have possessed for the Greeks a 
peculiar fascination, and upon them 
they sought to build then astronomy and 
mechanics, as well as most of their mathe- 
matics. 

O F all cuives seen in routine experi- 
ence. the most common, with the ex- 
ception of the straight line, is not the 
circle but the ellipse. Wheels and other 
circular objects, when viewed obliquely, 
appear as ellipses, and the shadows cast 
by circles aie practically always elliptical. 
Yet there appears to be no evidence that 
the Greeks noticed this ubiquitous curve 
until they began then iclentless seaich 
for a geometrical solution of the equation 


x 3 =2 It is reported that the ellipse was 
discovered, togethei with the hyperbola 
and parabola, toward the middle of the 
fourth century B.C. by Menaechmus, tutor 
of Alexander the Great. Menaechmus is 
said to have advised his impatient pupil, 
“Theie is no loyal road to geometry” — 
all unaware that the three curves he had 
discovered were to be ciucial in the de- 
velopment of analytic methods, a path to 
geometry far easier than the one he was 
expounding. 

The equations of two of the curves he 
obtained, the parabola and the hyperbola, 
would now be WTitten as x-=y and xy=2, 
respectively. If y is eliminated from these 
two equations, the result is x 3 =2. The 
Delian problem can therefore be solved 
by finding the point of intersection of 
these two curves on a coordinate graph 
(see diagram on page 44) . 

Menaechmus was aware in a general 
way of the pioperties expressed by the 
equations of these cuives, but lie did not 
use analytic geometiy in the modern sense 
Greek study of the so-called conic sections 
was entiiely in the language of pure geom- 
etry, without refeience to algebraic con- 
sideiations. The wiitings of Menaechmus 
have been lost, so we do not know the pre- 
cise manner m wmch he was led to the 
curves. It seems likely, however, that he 
discoveied them through a consideration 
of familiar geometrical solids. He may well 
have obtained the three conic sections by 
cutting each of three right circular cones 
— one acute-angled, one right-angled and 


one obtuse-angled — by a plane perpendic- 
ular to one element of the cone. The Gieek 
mathematician Apollonius showed latei in 
his famous Comes that by vaiying the 
angle of the cutting plane, all tlnee types 
of curves can be obtained from a single 
right or oblique circulai cone. It was Apol- 
lonius who gave the curves their piesent 
names — ellipse, parabola and liypeibola, 
the literal meanings of which are Mess 
than,” “the same as,” and ‘‘more than,” 
respectively. (Three figures of speech — 
ellipsis, paiable and hypeibole — are de- 
rived from the same source.) 

The word “cuive” is difficult to define 
precisely, for, as the German mathe- 
matician Felix Klein wrote, ‘’Everyone 
knows what a curve is. until he has studied 
enough mathematics to become confused 
through the countless number of possible 
exceptions.” Nevertheless, it is sufficient 
for most purposes to define a curve in a 
plane as the locus, or totality, of points 
in the plane which satisfy a given con- 
dition — i.e., it is the path of a point which 
moves according to a given law. The ciicle, 
for example, is the locus of all points at a 
given distance from a given fixed point. 
The Greeks knew that the locus of a 
point which mo\es so that its distance 
from a given point is in a fixed latio to its 
distance from a given line is either an 
ellipse, a parabola, or a hyperbola, ac- 
coiding as the ratio is less than, equal to, 
or greater than one Lacking modern 
algebra, however, the ancients experienced 
great difficulty in attacking some questions 



CONIC SECTIONS, which are curves obtained by cut- (2) and the ellipse (3) . These illustrations of conic sec- 
ting a circular cone with a plane, were probably first de- tions are from an edition of the Greek mathematician 
scribed by Menaechmus, tutor of Alexander the Great. Apollonius’ Conics, The edition was brought out in 1710 
The three sections are the parabola (1), the hyperbola at Oxford by the English astronomer Edmund Halley. 




VIETE. a 16th-century counsellor Lo the King of France, 
was in the direct line of intellectual descent that led to 
Descartes. He suggested that vowels he used as the sym- 
bols for unknown quantities, and consonants for known. 



FERMAT, a contemporary of Descartes, expressed basic 
principle of analytic geometry: a Whenever in a dual 
equation two unknown quantities are found, we have a 
locus, the extremity of one . . . describing a line.’” 


involving loci which today even a begin- 
ning student of analytic geometry handles 
with ease. 

One of their troublesome problems was 
the following: Given four fixed lines, to 
find the locus of a point which moves so 
that the product of its distances from two 
of the lines shall be in a fixed ratio to 
the product of its distances from the 
other two lines. The locus is in all cases 
one of the conic sections. The pioblem has 
become known as “the problem of Pap- 
pus,” after the Gieek mathematician who 
called attention to it in the fouith century 
A.D. This problem and its generalization 
led Descartes to the development of ana- 
lytic geometry some 1,300 years later. 

T HE essential ingredient that made this 
possible was the development of al- 
gebra. Pappus had failed to solve the 
generalization of his problem for want of 
algebra, and it was in algebra that the 
Hindus and Arabs of the medieval period, 
and the European scholars of the Renais- 
sance or early modern period, were strong- 
est. They took less seriously the distinc- 
tion that the Greeks had made between the 
discreteness of number and the continuity 
of geometrical magnitudes. Algebraic 
symbols, introduced freely into arithmetic 
and geometry, were used indifferently to 
designate either numbers or lines. The 
Persian poet Omar Khayyam, for example, 
devised an algebra in which he gave both 
numerical and geometrical solutions for 
^ Ipnear and quadratic equations. It was 


Descartes who first combined an algebraic 
study of such equations with the geometri- 
cal problem of Pappus, and the lesull of 
the combination was analytic geometry. 
But Descartes was partly anticipated by 
the medieval Latin theologian Nicole 
Oresme, who had been thinking along en- 
tirely different lines. 

Oiesme’s discovery had to do with 
something called the “latitude of forms,” 
derived from a study of physical variables. 
In the 14th century, Scholastics at Oxford 
and Paris, following up Aristotle’s gen- 
erative idea of change, concerned them- 
selves with problems of varying accelera- 
tion, density, thermal content, and intensi- 
ty of illumination. They distinguished not 
only between unifoim and non-uniform 
rates of change, but also subdivided the 
latter according as the rate of change of 
the rate of change was 01 was not con- 
stant. In their “latitude of forms” concept, 
a “form” was any variable quantity in na- 
ture (such as motion, heaL or light) , and 
its “latitude” was the Value of this quan- 
tity corresponding to a given value of the 
“longitude” or independent variable (gen- 
erally time or space). The latitude of 
forms illustrates the important mathe- 
matical concepts of “variable” and “func- 
tion” — the dependence of one quantity 
upon another so that a change in the one 
implies a change in the other. 

At first this useful idea was not related 
to graphical methods. But in the middle 
of the 14th century Oresme, director of 



Bishop of Lisieux, hit upon llie important 
idea of claufying lunclional relationships 
thiough refeiencc lo geomolncal figures. 
If, for example, the velocity of an object 
was to be represented as a function of 
time, the time units weie measured along 
a horizontal base line (longitudes) , and 
the coriesponding velocities were illus- 
trated by lines (latitudes) drawn peipen- 
dicular to the base line. The totality of the 
latitudes or velocity lines constituted the 
giaph of the function. For example, the 
graph of uniformly aceeleiated motion is 
a straight line, as shown in manuscripts 
describing Oicsme’s ideas. 

Oresme\s system of latitudes and longi- 
tudes appeals to be the earliest use of 
cooidinates in the graphical representa- 
tion of arbitrary functions. Oiesme conse- 
quently has been hailed by some historians 
as the inventor of analytic geometry. The 
usefulness of lus ideas, however, was 
sharply limited. Although he handled 
linear graphs coneclly, he was prevented 
by deficiencies in geometrical knowledge 
and algebraic technique from extending 
his novel idea to curvilinear figures. There 
is in his work no systematic association 
of algebia and geometiy in which an equa- 
tion in two variables determines a specif- 
ic curve, and conversely. 

Because Descartes carefully avoided 
any reference to his predecessors, one can- 
not say with assurance that he was fa- 
miliar with the work of Oresme. It seems 
quite probable that he was. Yet the dif- 
ferences between Descartes’ system, called 



DESCARTES, a philosopher who utilized mathematics EULER, a mathematician who was born in Switzerland, 

as a basis for rational thought, apparently was not fully lived in Germany and died in Russia, published the first 

aware of the importance of analytic geometry. His con- textbook of analytic geometry more than a century 

cept appeared as appendix to philosophical work. after the appearance of Descartes' original principles. 


Cartesian geometiy, and the graphical 
representation of the latitude of forms aie 
so gieat as to make questionable any de- 
cisive influence. While Descartes was 
pei haps slightly in debt to Oresme, the 
immediate inspiration for his work came 
not from the 14th-century Bishop of 
Lisieux, but from a 16th-century counsel- 
lor to Henry IV of France named Francois 
Viete. 

Viete’s contribution was the simplifica- 
tion and systematization of algebra by the 
invention of certain symbols and ideas. 
The signs + and — had already been sub- 
stituted for the words plus and minus at 
the time of Columbus, and half a century 
latei the symbol = for equality had been 
introduced m England But convenient no- 
tations for the quantities entering into an 
equation were lacking. Viete suggested 
that unknown quantities be designated by 
vowels, and that quantities assumed as 
known be represented by consonants. This 
made algebra more than arithmetical leg- 
erdemain, for it became a systematic study 
of types or forms. Equations with numeri- 
cal coefficients gave way to equations with 
literal coefficients. Where previously at- 
tention had been centered upon the con- 
struction of the roots of a particular cubic 
equation, such as x 3 =2, Viete showed that 
the solutions of all cubic equations were 
reducible to the Delian problem of dupli- 
cating the cube, or to the trisection of an 
angle. Geometric problems could be ex- 
pressed in the language of algebra; and, 
after algebraic simplification, the roots of 


the lesulting equations could be con- 
stiucted geometrically 

The application of algebra simplified 
geometry to a great extent, yet Viete did 
not discover the royal road for which 
Alexander had hoped. Oresme had missed 
the invention of analytic geometry because 
he had had no algebia adequate to the 
study of graphical repiesentation; Viete, 
however, failed to associate his algebraic 
geometry with a coordinate system. 

B UT the stage was set for someone to 
fuse algebra and geometry through 
the crucial idea of coordinates, and the re- 
sult was one of the many cases in science 
and mathematics of simultaneous discov- 
ery. Analytic geometry was the indepen- 
dent invention of two Frenchmen who 
were the greatest mathematicians of their 
day, yet neither of whom was a profes- 
sional in the field. Pierre de Fermat was 
a lawyer with an absorbing interest m the 
geometrical works of antiquity; Rene 
Descartes was a philosopher who found in 
mathematics a basis for rational thought. 
Both men began where Viete had left off. 
but they continued in somewhat different 
directions. Fermat retained the notation of 
Viete, but applied it in a new connection: 
the study of loci; Descartes adopted the 
aim of Viete — the geometric solution of 
algebraic equations — but extended it, in 
conjunction with modern symbolism, to 
equations of higher degree. 

Fermat composed in Latin only a very 
short treatise on analytic geometry — In- 


troduction to plane and solid loci. It is 
a woik of but eight folio pages, devoted 
to the line, circle and conic sections. It 
opens with the statement that although 
the ancients studied loci, they must have 
found them difficult, judging from the fact 
that they often failed to state the problem 
in general form. Fermat proposes to sub- 
mit the theory of loci \o an analyis that is 
appropriate to such problems and that 
will open the way for a general study of 
them. Without further introduction, he 
then states in clear and precise language 
the fundamental principle of analytic 
geometry. 

Whenever in a final equation two 
unknown quantities are found, we 
hate a locus , the extremity of one of 
these desa thing a line, straight or 
curved. 

This brief sentence represents one of 
the most significant statements on the his- 
tory of mathematics. It introduces not only 
analytic geometry, but also the immensely 
useful idea of an algebraic variable. The 
vowels in Viele’s terminology previously 
had represented unknown, but neverthe- 
less fixed or determinate, magnitudes. 
Fermat’s point of view gave meaning to 
indeterminate equations in two unknowns 
— which previously had been rejected in 
geometry — by permitting one of the vow- 
els to take on successive line values (cor- 
responding to Oresme’s longitudes), and 
plotting the values of the other as perpen- 
dicular lines (latitudes, Oresme would 





have called them). Thus Fennat rediscov- 
erecl the graphical repiesentation of vaiia- 
hies, and this time there was an algebra 
at hand with which to exploit the idea. 

Fermat showed that equations of the 
first degiee, which today are expiessed in 
general terms as ax+by+c = 0, repre- 
sent straight lines; equations of the second 
degiee of the foim x 2 -(— y 2 -)— ax— |— by— (— c= 0 
represent ciicles; otliei equations of sec- 
ond degiee lepiesent ellipses, parabolas, 
and hyperbolas. As the “crowning point” 
of lus treatise, Fermat gave the following 
proposition : 

Given any number of fixed lines , 
the locus of a point which moves so 
that the sum of the squares of the 
segments diawn at given angles f/om 
the point to the lines shall be constant 
is a conic section 

Fermat's analytic geometry was not 
published during his lifetime, so it is dif- 
ficult to determine the extent of its influ- 
ence. The Introduction appealed in print 
foi the first time in 1679, 14 yeais after 
the death of its author, 40 years after the 
publication of the corresponding work of 
Descartes, and half a century after the 
treatise had been composed. Manusciipt 
works of that day often enjoyed a wide 
circulation among scholars, but readers ol 
Fermat’s woik, unaware of the early dale 
of its composition, missed its significance 
as evidence of his independent invention of 
analytic geometry. Hence analytic geom- 
etry came to be known as “Cartesian 
geometry.” This designation is perhaps 
not entirely unwarranted, for it was large- 
ly through the influence of Descartes, 
rather than of FermaL, that the new geom- 
etry took root. 

Descartes’ only work on the subject, 
La geornetrie , appeared somewhat unob- 
trusively in 1637, as an appendix to the 
longer and bettei -known philosophical 
tieatise, Discours de la methode pour bien 
conduire sa raison , et cheichei la verite 
dans les sciences. The whole was pub- 
lished without the author’s name, although 
the authoislnp was generally known 
The theme of La geometiie is set by the 
opening sentence. 

Any problem in geometry can easi - 
ly be reduced [algebraically by 
means of coordinates] to such lei ms 
that a knowledge of the lengths of 
certain lines is sufficient jor its com 
str action. 

Descartes was concerned primarily with 
the geometric solution of equations; in- 
deed, he was a direct descendent of those 
who, more than 2,000 years before, had 
attempted to appease the oracle of Apollo 
at Delos. This concern was reflected in his 
treatise. Book I is on “problems the con- 
stiuction of which requires only straight 
lines and circles” — the original Greek 
limitation on constructions. The goal of 
the treatise — the third and last book— is 


on the geometuc solution of equations of 
degree lngliei than two. The leally im- 
portant, modem pail ol his work. Book II, 
which deals with "The nature ot cuived 
lines,” was dismissed by Descaites as a 
preliminary to Book III. It is paradoxical 
that Descartes, hom whom the world de- 
rived coordinate geometry, showed little 
inteiest in tln^ ba'-ic principle; he used 
coordinates simply as an aid to the solu- 
tion of geometrical problems, and was so 
indifferent to the Lheoiy ol cuives that he 
never fully understood the significance ol 
ncgaLrve coordinates. 

DescaiLes had been much impressed by 
the powei of his method in dealing with 
the locus of Pappus, and thfi problem i uns 
like a thread of Anaclne through the thiee 
books of La geometiie Iiis fundamental 


PARABOLA 




HYPERBOLA 

xy = 2 


Answer to Delian 
problem O’ » 2) 


COORDINATES of analytic geom- 
etry make it possible to solve the 
problem stated by oracle of Delos. 

principle of analytic geometiy is enunci- 
ated m Book II in this way: 

For the solution of any one of these 
pioblems of loci is nothing mote than 
the finding of a point for whose com - 
plete detcimination one condition is 
wanting . . In eveiy such case an 
equation can be obtained containing 
two unknown quantities. 

This ciucial statement means that an 
equation m two unknowns in general rep- 
resents a curve. For example, the equation 
xy=x ; * — 2x 2 — x+2, which appears re- 
peatedly, represents what Isaac Newton 
later called the “Caitesian parabola” or 
trident. 

Tire loci in Pappus’ problem for the 
case of four lines lead to equations of the 
first and second degree. Descartes showed 
that for five, six, seven or eight lines the 
locus is a curve of degree three or four; 
and in general if the number of lines does 
not exceed 2n, the degree of the locus will 
be nat more than n. Descartes was not 
much concerned, however, with the shape 
of these curves or loci; lie wished to use 
them to solve, graphically, algebi aic equa- 
tions in a single unknown. But here Des- 
cartes mgde a bad blunder. The Pythag- 
oreans knew that equations of degree 


one or two could be solved by sLiaight 
lines and circles alone; Menaechmus 
Omar Khayyam and Viete knew that equa- 
tions of degiee thiee or foui could he 
solved by conic sections, i.e., by curves of 
order two. Descaites extiapolated too lap- 
idly and asseitcd that equations of degiee 
2n oi 2n — 1 lequue, for their graphical 
solution, cuives of order n This would 
mean, foi example, that an equation of 
degiee nine, such as x 1 -[-x-J-l = 0, called 
foi curves of order five, whereas actually 
the cubic curves y=x ;} and y 1— x— |— 1—0 
suffice, tlu ough the elimination of y, to 
solve the equation. As Feimal and others 
pointed out, the collect lule is that 
equations of degiee not exceeding ri 2 are 
solvable by means of curves ol oidci not 
greater than n 

Estimates of the relative meiil of the 
works of Fennat and Descartes dillei 
widely, partly because of differences en- 
countered in notation, emphasis and point 
ol view The algebi aic notation of Des- 
caites was lar more appropriate than that 
of Viete and Fermat. To Descaites wc owe 
the use of letters near the end of the alpha- 
bet — such as x, y and z — to represent un- 
knowns, and of letters near the beginning 
of ilu* alphabet to represent known quan- 
tities. Tlu* immensely convenient notation 
ol exponents for powers (x~, y ! \ etc.) was 
also introduced by Descartes. On Lhe oilier 
hand, the lumlameiHal idea ol the equa- 
tion ol a crave is more clearly set forth by 
Fermat. The work of Descartes is more 
general in scope, that of Fermat being 
limbed to equations of fust and second de- 
gree; but the expository treatment of Fer- 
mat’s Inti oduction is moi e systematic than 
that of Descaites’ La geometiie. One gets 
the impression that Descartes wiotc his 
geometiy to boast latliei than to explain, 
tie built it about a difficult problem (the 
Pappus locus), and he did not go into de- 
tail to make his argument clear. In con- 
cluding the work he justifies this inade- 
quacy ol exposition by the remark that he 
has lelt much unsaid in ordei not to rob 
the reader oi the joy of discovery. In so 
doing, however, he deprived many a stu- 
dent of the milder pleasure of comprehen- 
sion. Descaites migliL bettei have followed 
his own advice: “When you have to deal 
with tianscendent questions, you must be 
transcendently clear.” 

T HE geometry of Descartes and Fermat 
did not bring about a rapid transfor- 
mation of mathematics. For one thing, lhe 
haughty altitude of Descartes and the in- 
difference to fame of Fermat made the 
new subject accessible almost exclusively 
to professional geometers ol marked abil- 
ity. (The incomparable Newton quickly 
mastered analytic geometry and extended 
it to include the general theory of curves.) 
So, although analytic geometry had been 
twice invented before 1637, it was not un- 
til more than a hundred years later* in 
1748, that what may be called the first 



textbook on the subject appealed This 
treatise, the Introduction to infinitesimal 
analysis of Leonhard Euler, was written 
in Latin by a mathematician who was 
bom in Switzeiland, lived in Germany and 
died in Russia. The work lemains a clas- 
sic, yet it has never been tianslated into 
English. To the contributions of Fermat, 
Descartes and Newton, Euler added a sig- 
nificant achievement of his own: lie ex- 
tended Caitesian geometry to the space of 
three dimensions. 

In the end, it was a piacticing revolu- 
tionist who bi ought analytic geometry into 
general use. This was Gaspard Monge, a 
Frenchman who participated in three “re- 
volutions/' As an ardent republican, he 
took an active part in the affans of the 
Fiench revolutionary government, and 
later was closely associated with Napo- 
leon. As an experimental chemist, he 
shared the credit for the discovery of the 
composition of water, a keystone in the 
chemical revolution. But primal lly he was 
a mathematician, the foremost specialist 
of his day in geonietiy, and it was he 
who saw, more clearly than others, that 
analytic geometry differs from synthetic 
geometry as one language does from an- 
other. Both say the same thing in different 
ways. Puie or synthetic geometry is ex- 
pressed by means of diagrams and con- 
structions, analytic geometiy, in teims of 
algebra and equations. Monge theiefore 
suggested to his students at the famed 
Ecole Polytechnique that the elementary 
geometiy of lines and planes, of eiicles 
and splieies, is quite as appropriately stud- 
ied by analytic means as are the more 
advanced properties of the conic sections. 
This view resulted in a transfoimation of 
Caitesian geometry that was every bit as 
striking in its way as was the new chemis- 
try of Antoine Lavoisier: hence the phrase 
“analytical revolution ’ 5 may aptly be ap- 
plied to the movement initiated by Monge. 

There is considerable justification for 
the proposition that analytic geometry is 
primarily a Fiench contribution. Its two 
most important modern precuisors, Ores- 
me and Viete. were Fiench; so were its 
two inventors, Fermat and Descartes, as 
well as Monge, the man who together with 
his disciples did most to fashion Cartesian 
geometry into modern form. On the other 
hand, the multitudinous developments of 
the past hundred years have been con- 
tributed by men of all nationalities. In- 
deed, the most noteworthy accounts of the 
development of analytic geometry are not 
by Frenchmen but by an Italian, two Ger- 
mans and an American. These four schol- 
ars — Gino Loria, Johannes Tropfke, Hein- 
rich Wieleitner and Julian Coolidge — are 
symbols of the fact that in mathematics 
the one-world ideal is not a mirage. 


Carl B. Boyer is pro - 
fessor of mathematics 
at Brooklyn College. 
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MATHEMATICAL FUNCTIONS, magnitudes which relate one changing 
quantity to another* were first represented graphically in a book written in 
14tli century either by the theologian Nicole Oresme or one of his students. 






USE OF COORDINATES, one of the fundamental concepts of analytic 
geometry, is of great antiquity* This sketch of the paths of the sun, moon and 
planets was drawn in the 10th century. Symbols of these bodies are at the left. 
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Mapping 

Mount 

McKinley 


Highest peak in North 
America was scaled by 
survey party to locate 
its features accurately 

by Bradford Washburn 

M ount McKinley, the 20 . 000 -foot 

giant of Alaska, is not only the 
highest peak in North America, it 
is probably the highest mountain mass 
anywhere on earth that rises out of a level 
plain. It was first climbed in 1913 b) 
Archdeacon Hudson Stuck, who took near- 
ly three months to do the job. It has now 
been climbed six times. The hiking dis- 
tance from the end of the nearest road to 
the mountain’s peak and back is 80 miles, 
half of which is over perpetual snow and 
ice. The mountain itself is a vast wilder- 
ness of frigid peaks and glaciers Even in 
midsummer the day and night average of 
the temperature at the summit is less than 
20 degrees below zero. 

Until recently no serious attempt had 
ever been made to map the mountain ; 
even military reconnaissance planes ha- 
bitually by-passed it. Some people may 
wonder why anyone should want to map 
that desolate spot. There are several ex- 
cellent reasons. One is that the upper 
slopes of McKinley are an ideally rigorous 
place for all sorts of cold- weather tests and 
experiments. During the recent wai the 
mountain and its approaches were used 
three times for tests of Army equipment. 
Another reason is that because of its 
height and extieme northern latitude 
McKinley is an excellent location foi the 
study of weather and cosmic rays. A third 
reason is that the peak is the chief attrac- 
tion of Mount McKinley National Park 
New roads and railroads will before long 
bring vacationers and mountaineers to it. 
Once extremely difficult to approach, 
McKinley has now become one of the most 




PRELIMINARY MAP of Mount McKinley sliows approximate location of 
its various heights and routes taken by the surveying party. Triangles indi- 
cate the points front which sights were taken. Circles show the peaks sighted. 




accessible ol the world’s gioat peaks. A 
good road leaches to Wonder Lake, only 
20 miles noith of the base ol the mountain. 

1 became acquainted with the mountain 
in 1936, 1937 and 1938, when I made a 
n umbel of flights ovci and around it for 
the National Geogiaphic Society. The 
aeiial photogiaphs then taken weie later 
invaluable to an Army expedition which 
Jested wmtei clothing and equipment on 
McKinley in 1942 and to which I was as- 
signed as a lepiesent alive ol the Air 
Foice. Tins expedition, and a second one 
to neaihy Mount Silvei tin one in 1945, 
gave me a sliong desire to get hack into 
I lie Alaska lange again some day The 
grandeui of I hose gical peaks is unfot get- 
table, and the lact lhaL they were virtually 
unmapped was something of a challenge 
A yeai ago the oppoiluniLy came. 11 KO 
Radio 1 belli ics asked the Boston Museum 
of Science to cosponsm an expedition to 
climb and photograph Mount McKinley; 
m ielmn we leceivod sufficient lunds for 
an extensive scientific study ol the moun- 
tain. Altei months of preparation, in 
which we had the assistance of the Coast 
and Geodetic Survey, the Alaskan Air 
Command, the Signal Corps, the National 
Park Sei vice, the Wealhei Bureau and the 
Geological Survey, our paily of 33, in- 
cluding my wife, ai lived at McKinley in 
A [nil ol 1947 lor “Operation While 
Town.” It was not organized to Jueak a 
speed iccoid; we spent 93 days climbing 
ovei and surveying McKinley's peaks 

M APPING a mountain is a specialized 
job As a prcliminaiy, B-29s of the 
46lh Reconnaissance Squadron photo* 
guiphed the entire aiea from 32,500 feet. 
Then sieieoscopic pictures depicted eleai- 
ly eveiy delail ol the inconceivably com- 
plex system of peaks and valleys. One may 
ask: Why climb McKinley to map it if 
eveiy inch of its slopes had already been 
accurately photographed? The answer is 
thaL although aerial photogiaphs can he 
scaled and converted into a reasonably 
good map without any ground work, a 
leally accurate map inquires a liamewoik 
of inangulation, ox what is called ground 
contiol. Ground control is to an accurate 
map wlial the steel Iramework is to a 
completed skyscraper. 

Needless to say, it is not necessary to 
climb every peak in a range to map it 
precisely. By observations with an accu- 
rate surveying instrument from a few 
caiefully chosen points, the positions and 
altitudes of hundreds of other points can 
be computed by trigonometry. On McKin- 
ley our basic starting poinLs were four 
prominent peaks, the positions and alti- 
tudes of which had previously been de- 
termined by the Coast and Geodetic 
Survey from distant observing stations 
during the mapping of the Alaska Rail- 
road. We planned to occupy three of these 
peaks and sight from them. 

My assistants in the actual surveying 
were Robert Lange, a geology student at 



the University of New Hampshne. and 
Lieut William Hackett. the Aimy’s repre- 
sentative on the expedition. We worked 
with two extiemely accurate theodolites 
loaned by the Coast Survey. Oui work was 
canied out almost constantly under the 
most fiigid and miserable conditions im- 
aginable. 

It is well-nigh impossible to operate a 
delicate theodolite with gloves on. Be- 
cause bare metal cannot be safely touched 
with ungloved hands in sub-zero weather, 
we covered the tangent sciews, leveling 
screws and other adjustable parts with 
adhesive tape. I worked with my leit hand 
in a big mitten and my right completely 
bare. After thiee or foui minutes I would 
put my bale hand under my armpit to 
warm it while the recorder checked Ins 
figures. Then I’d go to work again atter 
three or four minutes' waim-up. Lange 
and Hackett took turns at recording the 
observations m oui angle-book, changing 
places as theii fingers became too numb 
to write 

Cold itself is a less insidious deterrent 
to good work than the sloppiness and lack 
of ambition hi ought about by high alti- 
tude. Our stations atop McKinley's two 
principal eminences, the North and South 
Peaks, were both a mile higher than any 
survey station ever befme occupied m 
N oi th Ameiica. There was no practical 
way of providing oxygen for our party, so 
we did everything on what nature pi ov ides 
up there — less than one half the supply of 
oxygen we breathe at sea level To prevent 
errors, we developed a fixed routine for 
setting up our instrument, freezing it m 
place, leveling it, observing and recording 
— so after a time we did almost everything 
by force of habit. Setting up the tripod 
rigidly is vital for accuracy in this woik. 
Sometimes we brought along a vacuum 
bottle full of warm water with which to 
freeze the tripod legs finnly into the snow. 
No matter how carefully we stamped and 
froze the tripod legs into the ground, how- 
evei, some errors always ciept in when the 
instrument was set up on snow instead of 
lock 01 ice. Consequently all key observa- 
tions were checked and double-checked 
lor collimation error light on the spot. 

We had piomised the Geodetic Survey 
that we would try to carry out observations 
fiom the tiptop of both of McKinley’s 
peaks and from Denali Pass, the notch 
between them. We knew T that these figuies 
would not only determine accurately the 
relative altitude of the two peaks but 
strengthen the precision of the whole job. 

The top of McKinley’s South Peak, the 
20,220-foot high point of the mountain, 
was the most trying survey job, even 
though we were there but 40 minutes and 
obseived only three directions and two 
vertical angles. It was 20 below zero with 
a gusty 20-to-30-mile breeze blowing. Oc- 
casionally, while I was observing, abrupt 
gusts of wind would bump my face against 
the eyepiece of the theodolite. Then I 
would have to recheck the level and swing 



FINAL CAMP OF CLIMB was below McKinley’s South Peak, which is just 
out of the picture to the left. The four tiny figures which appear at the 
bottom are just leaving the camp to begin the ascent of the South Peak. 
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PARACHUTES DESCEND bearing apparatus for observing cosmic rays. 
At right is South Peak. Expedition’s cosmic-ray station was at 18,000 
feel. Northern latitude gave chance for unusually significant observations. 



SURVEYING PARTY bears a theodolite to the top of Gunsight Peak. Ob- 
servers tried to set tip theodolites on ice or rock. When they could not, they 
1 carried vacuum bottles of warm water to freeze tripod legs in snow. 


back to the fust station obseived to make 
sure that the bump had not moved the 
tiipod a hail. 

On the summit theie was not an inch of 
sheltei anywhere The topmost cfiift was 
stieamhned and packed as haul as con- 
ciete My eyelashes weie coveied with 
frost featheis from my bieatli. and host 
clouded the telescope eyepiece The con- 
ditions we 2 e so bittei that even with 
clothes tlial would normally have kept us 
comfoilably warm at 40 below, we were 
chilled to the mairow. 

The lollowing day, atop Lhe Noith 
Peak only about 800 feet lowei, theie was 
nol a bieatli of wind from sunnsc to sun- 
set! The weathei was so clear and quiet 
that, tired as we weie when we leached 
the top, we set up the mstiumenL the mo- 
ment we anived and busily obseived all 
oui impmlanl angles befoie having a bite 
to eat. We couldn't believe that such 
weathei could last more than an lioui or 
two We stayed on Lop foi tluee lull hours. 

It was waimer than the day before — 
about zeio. When we lunched at three 
o'clock, the afternoon sun was ically warm 
and pleasant. As we sat there on a steep 
snowdulL 19,370 feel above the sea, and 
jusl south oi the Aictic Citcle, it was so 
still llial the open pages ol our angle-hook 
did not even move. It was rate, inci edible 
weedier for McKinley, 

T HE Noith Peak summit is very differ- 
ent fioni the South Peak The top of 
the latter is a laige, dome-shaped diifl; 
the North Peak ends in a sharp little 
point, widi a fantastic diop on the north- 
ern side. To get leveled up squarely over 
the top, we first poked a vertical hole deep 
into the haul snow of the exact point. 
Then we cut away the lip of the point 
with our ice axes to make a flat, triangular 
station, found the hole again, and plumbed 
the theodolite exactly ovei it. I had to 
move around very gingeily, especially 
while I was on the north side of the in- 
strument looking at the South Peak The 
Hal station was so small that if I had taken 
a single careless step backward at that 
moment I would have fallen at least 14,000 
feet. 

Aftei three months on lhe mountain, 
dunng which we became familiar with 
every detail of the peak, we completed our 
job by taking obseivations from lowland 
stations. The key fixed point was at Won- 
dei Lake We were able to make enough 
observations to warrant a considerable 
degiee of confidence in the insults. The 
new map ol McKinley is now being 
drafted from our obseivations by com- 
puters of the Coast and Geodetic Survey 
and photogrammetrists at the Geological 
Survey labor atoiies in Denver It is sched- 
uled to be issued in 1950. 


Bradford Washburn is director of the Bos- 
ton Museum of Science and a former teach- 
er of surveying at Harvard University. 




ESI. _ 


■ 


AERIAL PHOTOGRAPH of McKinley shows the 
inoxmtain from a point directly above its summit. At the 
lower left is North Peak. Just on the edge of the photo- 


graph at the upper left is South Peak. This photograph, 
made by the 46th Reconnaissance Squadron of the Air 
Force, shows a vertical relief of more than 12,000 feet. 
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THE RECORD 
OF HUMAN ILLNESS 

The study of bones indicates that uncivilized man’s 
life was not a perfect idyll of health. He suffered 
a respectable assortment of diseases and disabilities 


by Wilton M. Krogman 


AMONG the illusions of civilized man. 
one of the most unreasonable is 
that his bodily ills denve mainly 
flam a deplorable decline in the rigoi of 
his existence. To nature loveis from Jean 
Jacques Rousseau to Beinarr Macfadden, 
the apotheosis of human physical perfec- 
tion seems to have been the noble savage — 
that liappy creatuie who knew no tooth- 
ache, no lheumatism, no tuberculosis, no 
sniffling colds This idyllic fancy ot couise 
betiays a lack of acquaintance with primi- 
tive man in the flesh. The tiuth is that our 
prehistoric ancestors, even before con- 
tamination by civilization, were just about 
as subject to disease as we are. Indeed, 
they were afflicted by many of the same 
ailments, as we are now learning by close 
inspection of tlieir readable remains. 

We have only their bones to read, but 
the bones of man are a durable record of 
bis health and his disease, they tell how 
long he lived, and often how he died. Thus 
from the skeletal remains available to us 
we can trace hack for nearly a million 
years part of the record of early man’s 
physical tribulations 

The record is natuially limited to the 
illnesses and mishaps that affected the 
bones and teeth. The evidence is sufficient, 
however, to indicate that the Pandora’s 
box of germ diseases was not opened by 
civilization; our prehistoric parents had 
their share of these infections. And the 
law of gravity has always operated; in 
the Old Stone Age, as now, people fell 
and broke their bones. 

What do the bones of early man have 
to tell us about the state of his health? 

Probably the most universal skeletal 
affliction of modern man is rheumatism or 
arthritis — inflammation of the joints. It 
appears that this disease was also very 
common among our cave-dwelling fore- 
fathers. Man has never escaped arthritis ; 
jTv hatever the climate, diet or living condi- 
the joints of the vertebrate skeleton 
have always ached, creaked and stiffened. 
(Indeed arthritis can be traced back to 
the dinosaurs, the giant reptiles of almost 



half a billion years ago; imagine a Bion- 
tosauius with an 80-foot backbone racked 
with arthritic pain!) The famous Nean- 
derthal man found at La Chapelle m 
Fiance had a case of arthritis so seveie 
that the vertebrae in his neck weic joined 
into one solid piece of bone, and so weic 
those in his waist. Human skeletal lemains 
from the Old Stone Age are too scanty to 
indicate how pievalenl artlnitis was 
among this Neandeithalei's contcmpo- 
uuies. But by the opening of the New 
Slone Age in Europe about 10,000 years 
ago, the disonlei is found to be widespread. 
Pei haps one adult in four had ailbritis, es- 
pecially of the knee, shoulder and hip 
joints. By the dawn of recorded history, 
among the Egyptians of about 5,000 years 
ago, a middle-aged adult free from arthri- 
tis was almost the exception. Neaily as 
high a frequency has been found among 
pre-Columbian American Indians. 

Much the same is true of tooth decay, 
another universal affliction which may be 
classified with artlnitis as a skeletal dis- 
ease; indeed, many doctors and dentists 
believe that bad teeth and arthritic pains 
are somehow related. Dental disease has 
been called a “curse of civilization” by 
many dietitians and oral hygienists, and 
it is' a fact that the incidence of tooth de- 
cay has increased with mans biosocial 
evolution. The advertisement that shows a 
beautiful girl gnawing a huge bone, with 
the caption, “Society says no, hut Nature 
says yes,” actually has some basis The 
distribution of tooth decay, howevei, is not 
a matter of all or none — all in modern 
times, none m prehistory. Among indi- 
viduals of the Old Stone Age of Europe 
50,000 or more years ago whose skeletons 
have been found, 10 to 40 per cent, de- 
pending on the population sample studied, 
had decayed teeth. Of the skeletons of the 
New Stone Age of Europe, about 10,000 
years ago, 30 per cent had decayed teeth ; 
in the Bronze and Iron Ages of Europe, up 
to about 4,000 B.C., 40 per cent; among 
pre-Columbian American Indians, 20 to 
75, per cent-r-the latter in a southwestern 


U. S Pueblo population subsisting largely 
on maize. These figures do not compare 
with the prevalence of tooth decay today 
in the U. S , where an adult with a perfect 
dentition is almost a museum specimen, 
but they do show that bad teeth cannot 
be blamed entiiely on modern foods. 

Dental oi oral disease may often lead to 
middle-eai oi mastoid infections This was 
as true in the Paleolithic Eia as it is today. 
The well-known Neanderthal man of Rho- 
desia, South Africa, who duung his life- 
time iost or had dental canes in 13 of Ins 
16 upper teeth, shows a peifoialion in the 
mastoid process that looks much like the 
drainage wound of an abscess. If tins diag- 
nosis is coirect, his is the oldest mastoid 
case on record. 

ANOTHER disorder common to the 
-Ht Neolithic and the Atomic ages which, 
like arthritis, involves the calcium balance 
m the body, is arteriosclei osis, or harden- 
ing of the arteries Sclerotic plaques, oi 
pieces of hardened aortic aiteiy,have been 
found in a pre-Columbian Indian burial 
ground in Kentucky. When Moses ap- 
pealed to Pharaoh to let his people leave 
Egypt, it may be remembered, the Lord 
“haidened his [Pharaoh’s] heart.” The 
great Egyptologist Sir Grafton Elliot 
Smith actually found evidence of cardiac 
sclerosis — hardening of the heart — in a 
Pharaoh’s mummy! 

There is one hone pathology that we 
shaie not only with our Stone Age ances- 
tors but with all other mammals — that is, 
fractures. Oui tree-dwelling cousins, the 
anthropoid apes, often break theii aims 
and legs accidentally. But when we come 
to early Homo sapiens we find something 
new: fractures inflicted intentionally. It 
appears that the habit of breaking the 
bones of other individuals in the same 
species is one of the features that distin- 
guishes man from the apes. Or to put it 
another way, early man often used his 
brains to brain his fellow man. 

The skulls of many of our ancestors bear 
eloquent evidence that early man knew 



where to deal a lethal blow. Depressed 
and radial skull fractures aie common 
among the prehistouc populations of the 
Old and New Worlds. In the Old World, 
the noble savage used stone clubs to break 
an enemy’s head; m the New World, he 
used stone axes, wooden clubs and six- 
rayed maces. Each weapon left a distinc- 
tive type of fracture — a trademark pre- 
served for intei pretati on thousands of 
years later by anthiopologists The skull 
fractures probably were sustained m two 
ways* m battle and in ceiemonial sacri- 
fice. Enemies who were taken prisoner 
often were offered to the gods as part of 
the ritual of victory. It appeals also that 
the heads may have been used in ritualistic 
cannibalism; the brain was eaten by the 
victors in order to partake of the ‘‘spirit” 
of a biave slain foe. This custom may be 
as old as man himself, since skulls a mil- 
lion years old show signs of fractuies that 
suggest smashing to get at the brain. 

The frequency of head wounds accounts 
for the fact that one of the eailiest surgi- 
cal techniques developed by man was that 
of trephining, i e an operation upon the 
skull to relieve pressure caused by broken 
bones or concussion. There is evidence of 
healed operations of this type in skulls 
moie than 10,000 years old. from the New 
Stone Age of France The prehistoric 
Incas of Peru weie past masters of this 


early operation. Some Inca skulls show no 
fewer than fom successful operations. 

Skeletons of the New Stone Age of Eu- 
lope show another significant phenome- 
non: an unusually high percentage of 
fractured foiearms. They are of such a 
nature as to suggest that the toreaim 
bones (the ladius and ulna) were bioken 
while the arm was upraised in an effort to 
fend off a blow directed at the head. These 
fractures aie most fiequent in female 
bones — tangible evidence that the cave 
man was rough with his cave woman. 

When it comes to infectious diseases, 
the most controversial question is: Do the 
bones of prehistoric man show evidence of 
syphilis? On this infection, which the fa- 
mous physician Sir William Osier called 
‘‘the great imitator"’ because its symptoms 
simulate so many other diseases, there are 
two sharply divided schools of thought: 
one contends that the disease did not exist 
before the discovery of the New World; 
the other argues that it did. Some French 
pathologists assert that certain skulls of 
the New Stone Age, at least 10.000 years 
old, show lesions similar to those pro- 
duced by syphilis. It is also claimed that 
a late Old Stone Age site at Solutre. in 
France, yielded 25,000-year-old shinbones 
with syphilitic lesions. Within historic 
times syphilitic bones are reported for 
Roman and medieval Europe, for early 


dynastic Egypt (about 2.500 B.C.), for 
New Stone Age Japan and India In the 
Western Hemisphere they are leported for 
pre-Columbian Peru. Mexico, and the 
southwest of North Ameiica. Yet the ques- 
tion remains unresolved: perhaps the best 
we can do on the basis of present evidence 
may be tummaiized by a report the writer 
has made on some 5.000-yeai-old bones 
from ancient Iran. There a forearm bone 
was found that showed a symmetrical per- 
iostitis (inflammation of the vascular 
membrane). It looks like syphilis, hut 
“look-- like"* is about as close a diagnosis 
as may be v entured. 

O N the other hand, tuberculosis, also 
commonly considered an infection of 
civilization, definitely has an ancient his- 
tory. The most famous ancient ease of tins 
disease is that of the Egyptian ‘‘Priest of 
Ammon,*’ of the 21st Dynasty in 1.000 
B.C . whose bones &how evidence of one 
form of the infection known as Pott's dis- 
ease. which leaves a collapsed and lateral- 
ly curved backbone. Bone tuberculosis 
goes back much farther, however. It is le- 
ported m predynastic Egyptian times, 
about 5.000 B.C. At Heidelberg, in Ger- 
many. a skeleton was found from the New 
Stone Age with its mid-dorsal veitebrae 
( those at the lev el of the shoulder blades) 
collapsed and eroded as in tuberculosis. 
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KNOWN ANTIQUITY of human diseases and disabili- 
ties is depicted in this chart. Specific conditions are 
listed in the column at the left. Horizontal bars show 


age of evidence indicating each condition. White sec- 
tions in some bars indicate age of less reliable evi- 
dence. Scale changes to the right of vertical gray bar. 



HOLE IN THE SKULL of a long-deail Peruvian is evidence of the ancienL 
practice of trephining. Some tribes performed this operation to relieve 
pressure caused by fracture or concussion. Since hone about hole in the 
picture above has not regenerated, operation probably killed patient. 




PARTLY HEALED OPENING left by trephining demonstrates that 
patients often recovered from the operation. The Incas of Peru were the 
most adept practitioners of trephining. Some Inca skulls indicate that as 
many as font tr^htping operations Were performed on tjie same individual. 






In the Western Hemisplieie a case of 
Pott’s disease was found in a pi e-Colum- 
bian Inca tomb, and othei tuberculous 
backbones have been linear tiled m pie- 
Columbian Indian mounds ol Tennessee 
and Louisiana, and in the pueblos of the 
Southwest The antiquity of tubeiculosis 
is conoboiated in ancient Egyptian, Inca 
and Aztec art, which often depicls the 
characteristic hunched backbones of vic- 
tims of tuberculosis of the spme 

Man in a state of natuic also suffered 
fiom deficiency diseases, although appai- 
ently these weie less common than in mod- 
ern populations. New Stone Age skeletons 
in Sweden show definite evidence of rick- 
ets, the disease usually caused by lack ot 
Vitamin D. The German pathologist Ru- 
dolf Vnchow held that the extiemcly 
curved thighbone of Neandeithal man was 
rachitic; lie suggested also that the skull 
of the Java ape man of about half a million 
years ago was rachitic, because of iLs pe- 
culiarly ridged or “keeled” frontal bone 
There is even evidence of tumors among 
prehistoric peoples. A Swiss skeleton from 
the New Stone Age showed in skull, lowei 
jawbone, chest and hands, the character- 
istic bone oveigiowth called acromegaly, 
which accompanies a tumor of the pitu- 
itary gland at the base ol the hi am. Evi- 
dence of an othei type ol hr am tumor, 
called duial meningioma, was found in a 
pi e-Columbian Inca skull. This disorder 
1 esulls in excessive thickening oi Lhe fi- 
hi ous layer around Lhe brain, which in 
turn presses against the skull, causing 
cianial-bone overgrowth. Still anolhei 
type of bony overgrowth, in which Lhe 
skeletal hones become massive and tor- 
tuously distorted, is that known as Paget’s 
disease. It has been found in a New Stone 
Age skeleton in Fiance and in a pre- 
Columbian “mound-buildei” skeleton m 
Illinois. In the latter case, objects present 
m the mound suggested that the man bur- 
ied in it may have been a person of im- 
portance — a medicine man, or possibly a 
pnesl. This would be in keeping witii 
practices among piesent-day primitive 
peoples, who often believe Lhat a peison 
with a twisted body or a disturbed men- 
tality is “possessed” and hence has special 
magical poweis. 

A STRIKING example has been found 
among the ancient Egyptians. Theie 
is an unusual congenital bone pathology 
that results in dispioporlionate dwarfism. 
In this condition, called achondroplasia, 
not only are the victims small, but the pro- 
portions of the head, trunk and limbs are 
disturbed: the head is large, with a small, 
concave face; the trunk is relatively long; 
the limbs, especially the legs, are short, 
with shortness most marked in the fore- 
arm and the lower leg. Achondroplastic 
dwarfs go back to 6,000 B.C. in Egypt. 
They were not treated as freaks but often 
actually rose to positions of power. The 
achondroplastic Dwarf of Zer, who lived 
between 4,715 and 4,658 B.C., was pictured 


at Abydos, in Egypt, as a personage of 
impoitance. In the Fifth Dynasty of Egypt, 
about 2,700 B.C.. lived the famous dwarf 
Chnoum-Hotep, often depicted in paint- 
ings or m sculpture. He was called “Chief 
of the Perfumes” or “Head of the Waid- 
robe,” and was high in the favor of the 
reigning Phaxaoh. Even pictures of the 
Egyptian god Bes suggest a touch of 
achondroplasia. This type of dwarfism is 
also found in the New World among pre- 
Columbian Indians. 

Congenital abnormalities or accidents — 
vaiious types of disturbed bone growth 
that arise during prenatal life and aie 
present at birth — are fairly common 
among the remains of ancient man. Some 
have been found in skeletons at least 
25,000 years old. Most of them show “mid- 
line failures” — that is, failures of perfect 
fusion, during pienatal development, be- 
tween the right and left halves of the body. 
Such a failure results m incomplete forma- 
tion of the bones or bony structures. 
Prehistoric evidence of this pathological 
condition is seen most frequently in cleft 
palate; spina bifida , i.e. s failme of the 
vertebrae to unite in a complete arch, so 
that the spinal cord is not enclosed in a 
bony canal as it should be; and ’’perfoiate 
sternum,” i.e., incomplete development of 
the breastbone so that it is cleft in two or 
has small mid-line holes. Another type of 
prenatal deformity, congenital clubfoot, 
was found in the 6,000-year-old skeletons 
of Egyptians. Skeletons have also been 
discovered with asymmetrical arms 01 
legs, or parts of either, a condition that 
sometimes results from accidents or inju- 
i ies at birth. In a huge cemetery in ancient 
Iran, dating back to 3,000 B.C.. the writer 
found three skeletons with the right upper 
arm bones markedly shoit on one side; 
the circumstances of the burial hinted at 
a familial, and therefore possibly a heredi- 
tary, association. 

The skeletal remains of course do not 
necessarily show the actual antiquity of 
a disease, but only its minimum age. 
Moreover, we cannot deduce from them 
the actual frequency of a given pathology 
m ancient times, for the finds of skeletons 
thus far are too small in number to serve 
as representative samples of early popu- 
lations. 

Nonetheless, we can be sure that the 
differences, if any, between the preliistoiic 
and modern occurrence of disease are dif- 
ferences of degree, not of kind. Prehistoric 
man had virtually all the bone diseases 
that have been observed today or in recent 
times; he suffered his share of aching 
joints, warped and broken bones, had 
teeth and skeletal abnormalities. And 
there was not much that he could do about 
it. When he was sick, he was sick. That 
was the end of it — and often <of him! 


Wilton M. Krogman is professor 
of physical anthropology at the 
University of Pennsylvania's 
Graduate School of Medicine. 






BENJAMIN RUSH was a Philadelphia physician and one of the public 
figures of the Revolutionary period. This thawing by the contemporary artist 
William Haines shows much of Rush’s character. He was intelligent, over- 
worked, jealous of his theories, embittered and devoid of a sense of humor. 
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by James R. Newman 


Tin-: Autobiography of Benjamin Rush. 
Edited by Geoige W Coiner. Piinccton 
University Pi ess ($6 00) 

I N this handsome volume aie gathered 
foi the fiist time the journals of Ben* 
jamin Rush, physician, teacher, poli- 
tician, patnot of the Revolution, and sign- 
er of the Declaration of Independence. 
With the aid of a grant from the Ameiican 
Philosophical Society, the noted embry- 
ologist Geoige W. Corner lias prepared an 
admnable edition of Rush's T jewels 
Through Life — “a document intended tor 
his own pnvate satisfaction and foi the 
edification of his family” — and ot his 
Commonplace Books , a more intimate dia- 
ry containing assoilcd hut wondci hilly 
vivid joltings diawn liom his expeiiences 
between 1789 and 1813. Togefhei these 
(constitute the fascinating autobiography 
of a difficult blit great man. 

After a five-yeai apprenticeship in the 
“shop” of Philadelphia’s leading physi- 
cian John Redman, Benjamin Rush en- 
teied for his degiee at Edinburgh, which 
bad then supplanted Leyden as the fore- 
most cenlei of European medicine. Begin- 
ning in 1766 he spent two years attending 
lectuies in medicine and chemistry, study- 
ing classics and mathematics under a pri- 
vate tutor, and enjoying a social and intel- 
lectual life which profoundly influenced 
his later way of thinking. Foi lus political 
awakening, Rush acknowledges himself 
particularly indebted to a Mi. Bostock, 
whose lather had commanded a company 
under Oliver Cromwell. From Bostock he 
first learned the “great and active truth 
[which] became a ferment in my mind” 
that “no form of government can be ra- 
tional but that which is derived from the 
Suffrages of the people who are the sub- 
jects of it.” 

His formal education completed, Rush 
tasted for a few months the high life of 
London and Paris. Having as his social 
mentor the esteemed Dr. Franklin, in 
whose family he had the “peculiar happi- 
ness to be domesticated,” Rush was able 
to meet the leading literary and political 
figures of both capitals. His notebooks are 
full of colorful details and satirical, but 
never humorous, observations about per- 
sonages and incidents; they are particu- 
larly rich in the trivia of table conversa- 
tions set down in his grave, righteous, but 
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Two historical items: the life of Benjamin Rush 
and David Bradley’s account of the Bikini tests 


nevertheless charming stvle. His highest 
accolades were lesened lor tho*e who 
weie well spoken and morally earnest like 
himself; profanity he detected above 
everything. His glimpses of the great are 
as pointed as the) are amusing One eve- 
ning Sir Joshua Reynolds invited him to 
dme with Samuel Johnson. Oliver Gold- 
smith and se\eral othei “distinguished 
liteiary character^.** Johnson wa> talka- 
tive and no more ioi healing than u>ual 
Of Boswell, Johnson remarked, “lie was 
much given to asking questions and . 
they weie not always of the most interest- 
ing nature. For instance he will sometimes 
ask Tray, Doctor, why is an apple round, 
and why is not a peai so V " Encountering 
the talented Mrs. George Macaulay, au- 
thor of an eight-volume history of Eng- 
land, Rush “took the libeitv of telling her 
that some grammatical errors had been 
made by the printers of her history. She 
answered, ‘No. they aie my eirors and not 
the punters'. I have continuously refused 
to have them corrected, lest it should be 
suspected that my history was not alto- 
gether my own.’ ” 

Returning to Philadelphia in 1769. 
Rush soon became one of the city's prom- 
inent physicians. No man ever worked 
harder, with less self-indulgence and more 
self-denial. “My shop was crowded with 
the poor in the morning and at meal times, 
and nearly every street and alley in the 
city was visited by me every day." Though 
his income was large, he was in the fie- 
quent habit of ^emitting fees, as egotisti- 
cal as he was generous, he repeatedly calls 
attention to these benefactions m the jour- 
nals. It is characteristic of the man. of his 
candor, of Ins curious mixture of material- 
ism and unselfishness, to explain even m 
the account written for Iris children that 
he sought the poor as patients because he 
had “a natural sympathy with distress of 
every kind' 5 and also because having “no 
patronage or powerful family connec- 
tions . . . [this was] the only mode of suc- 
ceeding in business which was left for 
me. 55 He took no vacations; when he had 
a raie fiee afternoon “he took his boys to 
see an exhibition or visited somebody who 
might have useful facts to contribute.” 

Beginning m 1773 Rush took an in- 
creasing interest in “the controversy be- 
tween Great Britain and the American 
colonies.” Under a variety of pseudonyms 
lie wrote political tracts in favor of inde- 
pendence and was soon “admitted into the 
confidence" of many of the early leaders, 
including Thomas Jefferson, John and 


Samuel Adams, Patrick Henry. David Rit- 
tenhou.se and Tom Paine. “I waited upon 
nearly all the members of the first Con- 
gre^. and entertained most of them at mv 
table." As a result of his political discus- 
sions with Paine, the famous Common 
Sense made its appeal ance — a work for 
which Rudi not only suggested the title 
but contributed advice as to content. 

In 1776. having participated in the af- 
fairs of numerous revolutionary commit- 
tees and conventions, he was designated to 
berve m Congress as a representative of 
Pennsylvania **A few days afterwards I 
wibsciibed a copy upon parchment of the 
Declaration of Independence." For a time 
he served as “physician general" in the 
Continental Army. Appalled at conditions 
in the hospitals, he sent several letters to 
George Washington describing what he 
had seen, including the malpractices of 
leading officials. While his principal rec- 
ommendations for reform weie adopted, 
his vigorous denunciation embroiled him 
m controversy, and m 1778 he resigned his 
commission and returned to practice in 
Philadelphia. 

In 1793 the city was struck by an epi- 
demic of yellow fever. Rush drove himself 
unsparingly in tending the victims, but his 
method of treatment and the steps he de- 
vised for combatting the causes of the epi- 
demic brought him into bitter clashes with 
his colleagues. “No ties of ancient School 
fellowship, no obligation of gratitude, no 
sympathy in religious or philosophical 
opinions, were able to resist the tide of 
public clamor that was excited against my 
practice." His medical theories provoked 
“torrents of abuse.” especially from the 
pen of William Cobbett, who at the time 
published a Philadelphia newspaper. 
Rush’s “business” fell off sharply and al- 
though in 1797 lie was vindicated in a fa- 
mous libel suit against Cobbett, irreparable 
harm had been done to his reputation. 
Overworked, embittered, jealous of his 
theories, incapable of self-criticism, devoid 
of any sense of humor. Rush found this 
hostility particularly hard to bear. Yet he 
went oil. full of energy. In his work, his 
studies, his teaching and writing. In 1797 
he was fortunately able to “supply” the 
diminution of his resources by accepting an 
appointment as Director of the U.S Mint. 

From our vantage point in history it is 
not too easy to determine the merits of 
the disputes that raged over Rush's medi- 
cal system. It was to William Cullen. Edin- 
burgh's noted physiologist, that Rush 
owed the medical theories that originally 
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Now at last, between 
covers of one giant book, 
has been gathered the most 
useful, complete and au- 
thoritative fund of informa- 
iion on science ever pub- 
lished More than i hlr»y-six 
leading scieniis s and pro- 
fessors have worked for years 
to put this wealth of knowl- 
edge at your command. The 
principles and actual appli- 
cations of the physical 
sciences and engineering 
skTs are described in detail 
— throuqh coun less interest- 
ing articles illustrated by 
J housands of vivid photo- 
graphs and diagrams Or- 
ganized by a new key-word 
plan that gives you instant 
answers to all your ques- 
tions, this vast one-volume 
library is invaluable for 
quick reference or systematic 
study. 
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FIRST HOSPITAL in America was built by Rush and others at the comer 
of Eighth and Pine Streets in Philadelphia. The hospital is still standing. 
Although Rush's medical theories differed from those prevailing in his time, 
he made no outstanding contribution to the future practice of medicine. 
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MAP OF PHILADELPIIIA in R.ush*s day shovys the location of his hospital. 
It is at the lower left, marked with the number 15. Rush himself toured the 
pity indefatigably in his medical practice. He sought the poor as patients 
because, he wrote, he had a ^natural sympathy with distress of every kind.” 


set him apart from most of Ins colleagues 
and brought lnm as much of unhappiness 
as of fame These theoiies, in Cornel’s 
woids, postulated “that the neivous sys- 
tem is the souice of life, and that disease 
is due to failuie of its regulatory poweis.” 
As fai as the patient’s chances of xecoveiy 
were concerned, Rush’s theories were 
neither appieciably better nor worse than 
the theoiies of Heimann Boeihaave of 
Holland, which they gi adually supplanted. 
In Rush’s modified system, it was held that 
there was only one kind of fevei ; that it 
was caused by “ovei -excitation,” pnmaiily 
of the blood vessels, and that cuies could 
be effected by diet (“stuff a cold and 
staive a fever”), “heavy purging with 
jalop and calomel, and bleeding to the 
linuL of tolerance ” 

Except foi the diet feaLuie, which could 
not fail to seive a useful purpose m an 
age when anyone who could affoid it usu- 
ally ate himself into a stupoi every time he 
dined, it is incomprehensible why Rush’s 
methods should have been any more suc- 
cessful duiing the yellow fever epidemic 
than those practiced by the more conserva- 
tive physicians. Statistics are not available, 
yeL the gcneial impiession is lhal Rush 
did obtain belter results — a fact that was 
not Lhe least of the pi evocations to his 
enemies. Of course it nevei ocean ed to 
him — lie was, as Cmnei icininds us, both 
genius and intellectual Tumbler — that a 
tiealmenl “which inevitably pioduces 
geueiai debility, to relieve excitement of 
blood vessels supposed to icsull in the 
fust place from debility” had something 
quaint, not to say illogical, about it. But 
ncithei Rush noi the other 18th-centuiy 
practitioners were distui bed by such con- 
tradictions; their systems throve on para- 
doxes, even if their patients did not. 

I 1 egret that space forbids a fuither 
sampling of the contents of these absorb- 
ing journals. Among theii moie sLrikmg 
entires aie descriptions of the speculation 
craze and the great Sciipt Bubble in which 
the membcis of Congiess as well as hum- 
bler citizens were caught, of Philadel- 
phia’s social and political life at the turn 
of the century; of all manner of oddities, 
including a “learned pig” which cost a 
thousand dollars, was a foot high” and 
showed an amazing viituosity in the arts 
of counting and spelling; of John Quincy 
Adam&’ views on Prussia; of the virtues 
and foibles of various palriots; of Mrs. 
Duches’ delicate stomach. Apart from 
its solider merits, Lhe autobiography is 
a delightful museum of curious scien- 
tific facts, anecdotes, vulgar errors, medi- 
cal lore and obituaries. That the last 
category represents a major hut lost art 
may he judged by comparing Rush’s tart, 
brilliant, unhypo critical sketches with 
what passes for an eloge in the modern 
newspaper. His brief delineations of the 
other signers of the Declaration of In- 
dependence are masterly, if not altogether 
unprejudiced. 

When Charles Thompson was asked to 
write a history of the Revolution he re- 
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fused, saying. “Let the world admire the 
supposed wisdom and valor of our great 
men. . . I shall not undeceive future gen- 
erations/* Better than anyone else could 
have done it. Rush lias revealed himself 
to us as he really was. A man of extraor- 
dinary abilities, of austeiity, force and 
courage — also a man of strange contradic- 
tions. His writings at least have not de- 
ceived “future generations." Among the 
sketches of the signers appears his own 
self-appraisal, the single line: 

-“Benjamin Rush. He aimed well.” 


No Place To Hide, by David Bradley. 
Little, Brown & Co ($2.00). 

T HIS book is the story of the atomic 
bomb tests at Bikini, told by a young 
physician assigned to the operation 
as a “radiological monitor.” During four 
months spent in the Pacific, David Brad- 
ley’s main tool and almost constant com- 
panion was a Geiger counter, which he 
used to measure the radiation aftereffects 
of the two explosions. Within a few min- 
utes after each burst he flew o\er the 
targets. Later he examined ships, water, 
coial. algae, pigs, fish, and other items, 
organic and inorganic, which had been 
deliberately or accidentally exposed to 
radioactivity. His observations, personal 
and scientific, were recoided in a log upon 
■which this little book is based. 

The scientific infoimation contained in 
No Place To Hide is familiar enough to 
those whose professional interests lie in 
this direction. But because the Presi- 
dent has so far refused to release even 
a censored version of the report by the 
Joint Chiefs of Staff Evaluation Board, 
these and other essential facts have not 
been made known to the general public. 
In view of the disclosures of the Smyth 
Report and of the urgent need for dispel- 
ling gross speculations and myths about 
atomic weapons, this is a strange stand. 
One may suppose that the official policy 
of secrecy prevented Dr. Bradley from 
giving a more complete account of even 
his limited experience. 

From a military standpoint the Bikmi 
operation, involving 42,000 men and cost- 
ing tens of millions, was something of a 
fizzle. It confirmed “what was already 
known of the effectiveness of a chain 
reaction as an explosive.” It proved also 
what was already suspected, namely that 
when an atomic bomb is exploded in 
water, radioactive particles are sprayed 
about and spread in deadly profusion by 
the water's motion. Target ships in the 
lagoon, for example, staunchly withstood 
the blast waves, but radioactivity emanat- 
ing from fission products left the vessels 
uninhabitable for months, perhaps years. 

The amount of radiation produced by 
the explosions was enoimous. One ten 
millionth of a gram of radium is the maxi- 
mum the human body can absorb at one 
time without pathological consequences; 
the tests, as Bradley points out, released 


radiation equivalent to tons of radium 
What this would signify if atomic bombs 
weie used in actual combat at sea is easy 
to imagine. The surviving crew members 
would be forced to abandon ship immedi- 
ately and to flee through neighboring 
waters more dangerous than any mine 
field. The inhabitants of harbor cities 
would also face the hazards of waterborne 
fission fragments, although to a lesser 
extent. 

The military undoubtedly learned some 
useful facts at Bikini, especially in re- 
gard to the offensive possibilities of atomic 
weapons used against poits. haibors and 
naval vessels. The plain man. who also lias 
a stake in the matter, remains in a con- 
dition of ignorance and anxiety Dr Brad- 
ley's account does not, in my opinion, sub- 
stantially relieve either condition. 

I am inclined to think that No Place To 
Hide has been widely acclaimed for the 
very reason that it should be condemned. 
It is a sincere but misguided attempt to 
frighten and to horufy, with the vague 
hope that somehow this may do some good. 
What good? Dr. Bradley was apparently 
disturbed at finding the people of San 
Francisco — the first city he visited on his 
return — “busy and happy, well fed and 
well amused,” uninterested in the Bikini 
tests. This “customary euphoria” made 
lnm uneasy. Yet how would he wish peo- 
ple to behave? And what constructive 
purpose does he seek to achieve in telling 
this sort of story? 

It is surely obvious that the American 
people — all people — are deeply afraid of 
atomic bombs and of another war in which 
they may be used. Every public writing 
and utterance, everything that is broad- 
cast, is designed to feed this fear. The 
policy of the Administration, insofar as 
there is a policy on this subject, is to pre- 
serve ignorance of the weapon on the 
ground of national security; this in turn 
leads to wildly mounting conjectures and 
to more fear. In this book. w T ith its faint 
mood of approaching doom, its preoccu- 
pation with the hideous dangers of radio- 
activity. its total failure to place in i ation- 
al perspective the realities of atomic war- 
fare, including the feasibility and likeli- 
hood of the large-scale use of atomic 
bombs, Bradley does a disservice to the 
very cause he seeks to promote. The ac- 
count imparts enough information to pro- 
voke excitement and to intensify an al- 
ready widespread sense of fatalism and 
helplessness; it is too incomplete to con- 
tribute to clear thinking on what is admit- 
tedly a terrifying but not necessarily an 
insoluble problem. 

It is of course unfair to criticize Brad- 
ley for not writing a wholly different kind 
of book; it is fair, on the other hand, to 
criticize him for the inevitably mischie- 
vous results of the book he has written. As 
an antidote to feeling sorry for ourselves, 
and as the first step to a saner outlook, I 
recommend the reading of Patrick M. S. 
Blackett's Military and Political Conse- 
quences of Atomic Energy . 


j- lasci 

i 

This splendid book abour 
imaginary travels "traces the 
history of cosmic voyages in 
literature, particularly in the 
17th and 18th centuries, and 
makes the old stories sound 
far more entertaining than 
the modern exploits of comic 
strip heroes which, the 
author sa\s, are in the same 
tradition ." — New York Star 
$ 4.00 
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By Marjorie Nicolson 

at all bookstores MACMILLAN 


NOW! a single book to 
bring you abreast of all 

ELECTRONIC 
and IITOiSC 

developments 

“Up-to-date — indeed, almost 
ahead of the times — and it 
is accurate.” 

The New York Times 

The whole s+ory of -these fields — 
yesterday— -today - — and what we know of to- 
morrow’s tremendous possibilities — is brought 
to you, lucidly and authoritatively, in ENERGY 
UNLIMITED, by Harry M. Davis, well-known 
science editor of Newsweek . 

Written not to startle or amaze you, it simpjy 
brings you abreast of all that is being done in atomic 
and electronic research and application — with proper 
emphasis on their peacetime and industrial implica- 
tions. 

How the electron and atom may affect you — your 
profession, your business, your daily life — will be 
clearer and more meaningful after You have read 
this book. Whether you turn at once to such topics 
as X-ray Applications of the Betatron, of Nuclear 
Power Plant in the Sun, pause at the photos of the 
electronic calculator or the wreckage of Nagasaki, or 
read connectedly^ section after section of the skill- 
fully and interestingly written text, you will be well 
repaid every time you look at it. 

r 10 DAYS 1 FREE EXAMINATION j 

J Murray Hill Books, Dept. SA-I? " 

I 232 Madison Avenue, New York 16, N„ Y. J 

| Send me Davis 5 ENERGY UNLIMITED for 10 days' j 
, examination on approval. In Id days i will send $4,00 ; 

1 plus a few cents postage, or return book postpaid, l 

t Postage paid on cash orders. (Books on approval in * 

• U.S. duty.) | 

J Name , . .. S 

J Address. .... . J 

I City, State ... .. . ... , w ^ . . j 





MAKE THIS AMAZING 
ASTRONOMICAL TELESCOPE 
FOR AS LITTLE AS $6.00 

See the mountains ot the moon, 
Saturn’s ungs, Jupitei’s moons, 
nebulae, clusteis, the companion 
ot Paha is, and other heavenly 
wondeis I 

WITH ALL THE DIFFICULT 
AND TEDIOUS WORK ELIM- 
INATED you can make a Lugo- 
size, high poiveied, reflecting 
telescope for little money Two 
jeam of intensive loseairh gave 
us the secret of Machine Pi Dress- 
ing a reflectoi to a perfection 
equalling oi bettei than the aver- 
age hand -finished nmioi ot this 
size. This lefleetor is alisolutolv 
optically centeied The sui face is 
ac cuialo to better than Vi wave- 
length of light as indicated by test 
against a nuislei plate, alum- 
inized with haid aluminum coating of high 
leflectmtv and long life, guaranteed against 
peeling 01 blistering foi 1 ycai. Glass is 
annealed, sti ain-fi ee 

Built in foui hou i s as desenhed m a icceiit 
national scientific magazine Repiint fieo with 
each kit Reprint alone 10c 
3" REFLECTOR, TLUH A “FLAT” AND 3 
EYEPIECE LENSES ALL READY FOR YOU 
TO ASSEMBLE INTO AN ACHROMATIC 
(COLOR FREE) DISTORTIONLESS INSTRU- 
MENT-COST $6 00 

This easily built telescope guarantees success 
for the beginnei It gives contrasting, sharp, 
clear images without lalnbovv effects or fuz- 
ziness. 

Material for tube and other parts can he found 
around every home m may be purchased fm 
n few cents 

3” Ileflectm Kit— 30” F L $ 6 00 

1” Reflector Kit— Ml" F L. 10.00 

5” Reflectoi Kit- 117" F.L. 15 00 

AVAILABLE ACCESSORIES 

1 EYEPIECE: Achromatic liiplet, flat field, 
sharp to edge, l" E.F.L., 
eompletelv mounted, ready for 
use IU" O.l) $7.50. 

PRISMS: (imsilveied) l” x 1” face, $3 00. 
3 DIAGONAL: 4 aim, using 1” x 1” prisms, 
$10 00 . 


EYEPIECE FOCUSING 
DEVICE 

Precision Sleeve Type 

* Insure the efficiency of your 
s telescope with this indis- 
pensable accessoiy foi fine 
vernier focusing The pie- 
eisG fit of all turned parts 
assures the optimum in focus- 
ing accuracy. Complete with 
built in diagonal suppoi t. 
Eyepiece travel 2" to 0", 
Fits tube fiom 4" to 8" 
O D. and atcomniodatcs standaul eyepiece. 
Seamless brass throughout Self-centeiing on 
tube, one adjusting set screw for diagonal 
mirror. No special tools or jigs needed $5.00 
each. 

STAR DIAGONAL 

Fits standard 1%" tube, 
takes l 1 X Jf o.d. eye- 
piece. Piecision dual- 
ity throughout Pi ism 
is fine quality ftuoikle 
coated. Finished in 
brass and black. Per- 
mits convenient over- 
head viewing of stais with refractor $12.00. 

SPECIAL OFFER — R0HGH1 GRATINGS 

100 line per inch ruling on 2%** x 2% l> film 
I” x 1” ruled area. Black and white, shaiply 
defined, Two nilings may be used for excel- 
lent demonstration of interfeience phenomena 
$1.00 per film 2 for $1.50. 

Include Postage — Remit with Order 

Send 50c for Up-to-minute Catalog 

HARRY ROSS 

MICROSCOPES— TELESCOPES 
Scientific and Laboratory Apparatus 
70 West Broadway, New York 7, N. Y„ 







Conducted by Albert G. Ingalls 

S TREET lamps, houses and Liees about 
the home of this wiiter keep him 
hom engaging in one activity of 
amateur astionomeis obseiving variable 
stais. To compensate foi this shoitcom- 
mg, he recently joined the Ameiican As- 
sociation of Variable Stai Obseiveis 
(AAVSO), and observed some of the ob- 
seiveis. Attendance at one of the twice- 
yeaily week-end meetings, the one in the 
fall of the year always being held at the 
Haivaid College Obseivatory, permitted 
a close view of this compact, efficient 
oigamzation and gave answers to many 
questions that others have been heard to 
ask Just how are vanable stars observed V 
What is the motive foi ibis activity which, 
on the face ol it. appears to be drudgery* 
Since many vaiiable stai obseiveis work 
earnestly at their avocation yeai in and 
year out, it obviously must have a hidden 
am action. 

The attraction is the sum of a numbei 
of things. The AAVSO is mainly an ama* 
Leui organization. Its members do scienti- 
fic work that professional astionomeis 
caiinol because there are too few of them 
fiee to keep close watch on some 600 se- 
lected variable stars. That work is de- 
scribed in liteiature available from the 
AAVSO Recorclei , Harvard College Ob- 
seivatory, Cambridge 38, Mass. 

When a candidate applies for member- 
ship in the AAVSO (dues $3) and is 
elected, specific areas of the sky, usually 


tlnee degiees squaie and containing a 
paiticulai vanable stai, aie assigned to 
him. He leceives 10 chaits showing these 
and the backgiound stars, with instruc- 
tions that tell him how to pioceed foi tele- 
scopes with oi without setting cncles. 
Telescopes of tlnee-inch apertuie oi largei 
aie suitable foi this work. It happens, 
incidentally, that not all vaiiable star 
obseiveis make then own telescopes. 
They aie generally satisfied with using 
them. 

The candidate studies the cliai ts and 
the cm responding aieas in the sky which, 
aftei some observation, become as famihai 
as the back ol his hand. On the chaits 
numeious nonvariable, or constant, stars 
aie designated with numbei s that accu- 
rately indicate their magnitudes to tenths. 
The observer selects two of these constant 
stars, one a little brighter and one a little 
fainter than the vanable, and estimates 
how bright the vaiiable is m comparison 
with them. As an example, suitable com- 
pausnn stars aie maiked on one cluuL as 
magnitude 8.8 and magnitude 9.2. By in- 
terpolation, the neaiby variable is esti- 
mated by the obsetver at, say, 8,9. This is 
entered in a record book and each month 
reported to the Rccordci on a special 
blank. Observations for other variables on 
the several charts assigned the obseivet 
are similarly recorded. 

Doing this and nothing else would soon 
become a boie. However, as soon as the 
beginner has become acquainted with the 
fields assigned to him, he is encouraged to 
roam the sky and extend his observing list. 
He may observe any and all variables for 
which lie has charts. On a single night, as 
a mattei of fact, several observers may 
work to observe the same variable stai. 


V ariable star observers meeting at the Harvard College Observatory 



iSTROSOMS 

In the course of time the vaiiable «tar 
observer studies the sky in detail. Thu-? 
variable stai observing provides a good 
motivation for studying the whole sky. 
This, many amateur astronomers find a 
little difficult without the guidance of a 
progiam m which other observers are in- 
volved. 

Observation of the observer at a single 
meeting suggests several possible reasons 
ior their year-m, year-out loyalty to the 
AAV SO It is a pui poseful organization 
in which serious telescope owners may en- 
joy the dignity and some of the status of 
the professional astionomer. Some have 
even become professionals. An additional 
attraction of AAVSO membership is the 
scientific and social fellowship of kindled 
spirits. The tone of the AAVSO is digni- 
fied but not stuffy. 

The members receive a great deal of in- 
dividual lecognition for their efforts, both 
from the professionals and fellow ama- 
teurs. Rising votes of thanks, with pro- 
longed applause, pleasantly embarrass 
many successful observers at AAVSO 
meetings. 

The organization is expertly lun, which 
is another satisfaction to its members. Its 
business sessions aie short and to the 
point. The scientific sessions are con- 
ducted like those of other scientific socie- 
ties. even though no xuoie than 50 AAVSO 
members constitute the audience The 
limited numbei of papers read, usually 
about 10, prevents somnolence. 

The accompanying social sessions are 
ai ranged on the premise that people at- 
tend conventions mainly to talk with one 
another. At the conclusion on a Satur- 
day evening of the autumn meeting there 
is a banquet marked by sociability and 
scientific pronouncements. Each year the 
AAVSO meets twice: once in October at 
Cambridge, and once in the spring m vari- 
ous other places. 

There is a keen, friendly competition 
among AAVSO members. Everything that 
any member does in the time he can devote 
to observing is made known to the other 
members through the publication of indi- 
vidual observations. There is, howevei, a 
great variation in the amount of time that 
the members can devote to their avocation. 
In the year ending last September each of 
24 members made 50 to 100 observations: 
32 members made 100 to 200 observa- 
tions, 13 membeis made 200 to 500 ob- 
servations; 13 members made 500 to 1,000 
observations; six members made 1.000 to 
2,000 observations; and six members 
made 2,000 to 7,500 observations. 

The heavyweight champions in the 
2,000-to-7 ? 500 observation group were 
Ahrent of Germany with 2,582 observa- 
tions; Peltier of Ohio with 2,598 obser- 
vations; Paletsakis of Greece with 3,473 




OPTICS to ORDER 


SERVING 


Manufacturers 

Laboratories 

Schools 

Colleges 


Experimental or Produc- 
tion runs for Scientific 
Apparatus Fabricated in 
Glass, Quartz, Salt, Stain- 
less Steel. 


Surfaced or drawn flat glass, cut, 
edged and drilled to yout specifi- 


cations. 


Established 30 years 

A. D. JONES OPTICAL WORKS 

2400 Massachusetts Avenue 
Cambridge 40 Massachusetts 


EVERYTHING 

FOR THE AMATEUR 

TELESCOPE 

MAKER 

Precision Workmanship 
Quality Supplies 
Money Back Guarantee 

© 

KITS — Our Specialty 

Complete 6" Kit $5.50 up 

Pyrex Kit, 6" . - $7.50 up 

Other Sizes Proportionately Low 

PYREX MIRRORS 

Made to order. Correctly Figured, Pol- 
ished, Parabolized and Aluminized. 

ALUMINIZING 

WE GUARANTEE 
A Superior Reflecting Surface, 
Optically Correct Finish. 

Will not Peel or Blister. 

LOW PRICES 
m 

MIRRORS TESTED FREE 
PRISMS— EYEPIECES 
ACCESSORIES 

FREE CATALOG 

PRECISION 

OPTICAL SUPPLY CO. 

1001 EAST 163rd ST. 

New York 59, N. Y. 


WAR SURPLUS 

"TERRIFIC 1 ' BARGAINS 

3X ELBOW TELE- 
SCOPE — Brand 1 
new, has 1" Achro- I 
niatic Objective, j 
Anuci Prism Erect- i 
mg System, l 3 s f ' 
Achromatic Eje and uL 
Field Lens. Small, w 
compact, light 
weight. 2 lbs. Govt Cost $200 Our Price $£.5Q 

OPTICAL PEEP SIGHT— Use 

as eaniLi a view finder, etc Image 
appears on bullstie reticle. Xo 
parallax for any distance Same 
print lple t onmiereially used by 
shotgun sight mfg Dia 37 mm. 
Weight IV' ozs Government 
tost $10.73 cfl 

Our price Postpaid 

40 POWER 




Coated Optics 



40X — WONDER- 
FUL for Astronomy 
GQX— SUPERB 
far Long Distance 
20X— EXCELLENT 
Spotting Srope 
loX — FINE for Close Study 

FOUR TELESCOPES in ONE 

because of Adjustable Power Eye- 
piece iXot War Surplus.) One of 
the Fiuest Pre l&ion American- made 
Telescopes Achromatic Objective Lens 
2V diameter Length closed, 9V\ open, 

27 3 s". Genuine Leather covered Weight, 28 ozs. 

ACHROMATIC TELESCOPE OB- 
JECT! VES-— Perfect Magnesium Flu- 
oride Coated and cemented govern- 
ment surplus A* hroniat* Made of 
lineit Crown and Flint optical glass, 
are fully corrected and have tremend- 
ous resolving power Guaranteed 'well 
suited for Astronomical Telescopes, 
Spotting Scopes, etc. 



FOCAL LENGTH 
0U0m/in (23V') 
S76m/m T34V') 
GSliu/m (13") . 
022ra/m <24V'> 


EACH 

...$10.75 
...$25.00 
. $19.00 

. - $22.50 


TANK PERISCOPE— Brand 
Xew; contains two optical 
systems, one power and six 
power which have many 
lenses and prisma. All coat- 
ed optics, focusing wide an- 
gle eyepiece This is one of 
the latest Army designs In 
periscopes Weight 18 lbs. 

Postpaid $29.50 


RIGHT ANGLE PRISMS, for direct positive 
photography or astronomical telescopes. 



8 mm Face . 
23 mm Face , 
30 mm Face , 
3S mm Face 
47 mm Face 


ea $ .75 
ea 1,25 
ea. 1 .75 
ea 1.75 
ea, 3.00 


SPECIALS!!! 

SPOTTING SCOPE or MONOCULAR LENS 
SETS— Consists of cemented Achromatic Objec- 
tive. two Prisms, Eye and Field Lens and Dia- 
gram. 

8 Power Set, $5.25 ^SetT^ . . $ 7.75 


11 Power Set, 6.00 


27 Power 
Set 


11.85 


* 

* 

* 

* 

* 

* 

♦ 

* 

* 

♦ 

♦ 

♦ 


F 1 9 ANASTIGMAT LENS SYSTEM mounted, 
ideal for 33mm projector FL91. 44mn\ * 
ii-e also ai enlarging or photographic lens $3.00 

KODAGHROME PROJECTOR LENS SET— For 

3 hum slides, including lenses, heat- ± _ _ 

absorbing glass and instructions 

HOBBYIST LENS SET — Here'S a Bargain. Our 11 
LEADER, 10 Assorted Lenses Contains >«§/ 

Magnifiers, Reducing: lenses, etc . Set r ■ V 


“MILLIONS” of Lenses, etc. 
Send stamp for “Bargain" List. 


WE PAY THE POSTAGE 


A. JAEGERS 


93-08A 95th Ave. 
Ozone Park 16. N. Y. 
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WAR SURPLUS 
BARGAINS 

GOVERNMENT'S 7 x 50 BINOCULARS 

ASSEMBLE THEM YOURSELF! 

Complete Op+icsl Complete Metal Parts! 
Save More Than I /2 Regular Cost 

METAL PARTS— Set 

includes all Metal Parts 
— completely finished — 
fur assembly of 7 \ SO 
Binoculars, No machin- 
ing reciu ired Bodies 
Iu\e been faetmy binged 
and colored A sturdy 
Binocular earning’ Case 
is optional with each set 
of Metal Parts 
Stock i£842-S $39 40 

Postpaid plus $4 80 for 
Case — Total $44 20 

OPTICS— Set includes all Lenses and Prisms you need for 
assembling 7 \ 50 Binoculars These Optics are in excellent 
condition— perfect or near perfect — and haye new low re- 
flection coating 

Stock #5I02-S 7 x 50 Optics - $25 00 Postpaid 

(These are standard Amertcan-made parts ... not 
Japanese, French or German.) 

NOTICE' Add 2Qtt Federal Excise Tax to above prices if 
3 ciu order both Binocular Optics and Binocular Metal Parts 

ARMY'S 6 x 30 BINOCULARS 

COMPLETE OPTICS & METAL PARTS— Model M-I3AI, 
Waterproof Model, 6 x 30 Binoculars Everyth ng you need 
— leaclv for assembly’ When finished will look like a regular 
factors job costing $102 to $120 The Optics are new, in 
perfeit or near-pei feet condition. Have new low reflection 
coaling Metal parts are new and perfect, all completely 
finished No mat Inning returned Bodies factory hinged and 
covered, Complete assembly instructions included 
Stock it 830-S , , . $40 00 Postpaid 

plus $8 0Q tax — Total $48 00 

MOUNTED ANAST1SMAT LENSES 

Used fur Projectors Enlargem, Copy lug Cameras Complete 
with Shutter and Diaphragm, Value about $211 An excellent 
inn WE WILL INCLUDE FREE ILLUSTRATED 
BOOKLET on IIOW TO MAKE YOUR OWN EN- 
LAlttJEU 

Stock #8004-S Speed f/7,7, focal length approx 127 nuns 
Suitable for pictures, negatives, positives up to 

$7,50 Postpaid 

Stock # 800G-S Speed of f/7 7, focal length approx 100 
ntms Suitable for pictures, otc up to 21 V'x3'/V'. 

$8 50 Postpaid 

8 POWER ELBOW TELESCOPE 

Gov’t Cost §,200 00! Our Price $17,501 

Big 2" diameter objective All lenses Achromatic Anuei 
prism erects the image 1 built-in filters — dear, amber, 
neutral and red Slightly used condition but all guaranteed 
for perfect working order Weight 5 lbs Can ho carried but 
a trifle bulky Excellent for finder on Astronomical Tele- 
siope. 

Stock #943-S ... > $17.50 Postpaid 

Army Air Force ASTRO COMPASS (Not a magnetic com- 
pass) Used as a means of indicating heading of aueratt 
from position of stars Excellent tor amateur astronomers 
Govt cost about $100 Used but in good condition 
Stock # 944-S . , , . $8.00 Postpaid 

20X PRISM SPOTTING SCOPE SET— Consists of all 
lenses and prisms (slightly chipped) you need to make a 
good, standard 20X Spotting Scope Low reflection coated 
57 mm. clla Achromatic objective. Some Metal Parts in- 
cluded. We furnish directions. 

Stock 25145-S $22 00 Postpaid 

(Also surplus Itlflescnpcfe — Write for Bulletin 18-S) 

TELESCOPE EYE-PIECE — Consists of 2 Achromatic 
Lenses, PL 28 null 

Stock #5f40-S $4.50 Postpaid 

POLARIZING OPTICAL RING SIGHT 

(Unmounted) Used m gun sights — especially for shot- 
guns. As you look through you see a series of rings that 
you superimpose on your target. No front sight reciuired 
Increases degree (if accuracy 

Stock 4= 2067 -S . . $4 00 Postpaid 

SLIDE PROJECTOR SETS — Consist of all unmounted 
lenses you need to make the following size projectors: 
Stock 4038-S 2 , /q' , x2'4" . $3.35 Postpaid 

Stock # 4039 -S 2V2"x3'/ 2 " . $3.35 Postpaid 

Stock #4029-S 35. mm, , . $2.85 Postpaid 

CONDENSING LENSES — Seconds, but suitable for En- 
largers and Spotlights 

Stock # 1061-S . 6*/ a " dia.. 9" F L. $2.50 Postpaid 

Stock # 1080 -S 5" dia,, 7" F.L, . . , $1.00 Postpaid 

Stock #I084-S 2Va" dia., 4" F L. ... $1.00 Postpaid 

35MM KODACHROME PROJECTING LENS SET— Con- 
sists of a mounted prajeetine lens, heat absorbing glass, 2 
condensing lenses, 

stock #4035-S.. $4 85 Postpaid 

WE HAVE LITERALLY MILLIONS OF WAR SUR- 
PLUS LENSES AND PRISMS FOR SALE AT BAR- 
GAIN PRICES. WRITE FOR CATALOG — 

SENT FREE. 

Order by Stock No* • Satisfaction Guaranteed 


observations; Ches&apis of Greece with 
3,642 observations ; de Kock of South 
Africa with 4,729 obseivations; and Fer- 
nald of Maine with 7,504 obseivations. 

These six ciack observeis leally woik 
at then job. Togethei they account foi 45 
per cent of the year’s grand total of 54,370 
observations. These aie made by 154 ob- 
servers m 18 nations, of whom the U. S. 
has 105. Greece is second with 11. 

In the photograph on page 60, Cyius 
F. Fernald of Maine, the champion vana- 
ble stai observei, stands in the center 
with hands crossed. The second man at 
Ins light, weaung a checked tie, is 
Leon Campbell of the Harvard College 
Obseivatory, the AAVSO’s Recorder, one 
of its oiganizeis, and for more than 30 
years its activator The man second fiom 
Dr Campbell’s right, wealing a daik 
suit, is Harlow Shapley, directoi of the 
Haivaid College Obseivatory. In lecent 
yeais Dr. Campbell has also been re- 
sponsible foi the actual promotion of 
work among active AAVSO members. In 
the lear center shows your scribe’s left 
eai — an appiopriate repiesentation foi a 
listening, lowly, non-obseiving freshman 
membei 

In addition to variable sLar obseiving, 
the AAVSO sponsors the oiganized ob- 
servation of the occulta lion of slais by 
the moon, and tlic systematic obseivation 
of sunspots. It also maintains a nightly 
watch of the sky for the sudden appeal - 
anee of a blight nova. 

Cyrus Fernald wiites: “The companion- 
ship with the other obseivers and with the 
staff of the Haivard College Observaloiy, 
not to menLion other obseivatories, com- 
bined with the sense of satisfaction that 
comes fiom the knowledge that one’s ob- 
servations are doing some good, is a rich 
reward for the time and effort that is put 
into the work. 

“I am,” he continues, “one of those who 
made telescopes from the instructions m 
Amateur Telescope Making and Amateui 
Telescope Making — Advanced. Fiom my 
16 years’ expeiience with it I am Lhoio ugli- 
ly sold on the Spungfield mounting. My 
ideal would be an 8- to 10-inch telescope 
of about 70- to 80-inch focal length, with 
electric drive and slip ring R. A circle.” 

I N the photograph at the right Chester 
Brown of 1117FouileenthSt., Spokane, 
Wash, an active member of the Spokane 
Amateur Astronomers, may be seen sitting 
indoors examining the sky through a re- 
fracting telescope that points downward 
through a hole in the wall. This is possible 
because there is below the telescope a flat 
mirror (see drawing at top of opposite 
page) which reflects the rays from the 
particular part of the sky toward which it 
is turned. The rays then pass upward into 
a lens. The telescope itself is permanently 
fixed in position, though it can rotate on 
its own lengthwise axis. 

Since the observer is sitting indoors, he 
cannot find objects simply by looking at 
the sky. Instead he works most accurately 
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by an indirect method. The control mecha- 
nism of the auxiliary flat mirioi is 
equipped with a giacluated setting cncle, 
and turns on an axis. The telescope, too, 
may be rotated, turning the minoi with it 
in a direction at light angles to the fiist 
motion; this diiection is measured by a 
circle maiked m degiees. From the astion- 
omer’s Ephemens the obseivei ascertains 
the coordinates of his star, quickly sets the 
rnuroi in both diiections, and the stai ap- 
peals in the centei of the eyepiece. 

Like all good things, indoor telescopes 
of whatever type have minor drawbacks, 
but one poinL outweighs ihem all. This is 
plain comfort. In the phoLogiaph Biown 
sits serenely in his shill sleeves. Outdoors 
in Spokane, it has been 30 degrees below 
zeio, but Biown lias not had to slap his 
hands to keep them warm It has also been 
108 degiees above zeio, at which time he 
has not had to slap mosquitoes. 

The indoor telescope is not, howevei, a 
suitable type for the beginner’s first m- 
stiument. It might well be the second. The 
beginnei should put in his apprenticeship 
outdoois on the conventional frost- and 
mosquiLo-bite telescope, and learn the sky 
as a whole. It is said that, due largely to 



Chester Broivn and polar telescope 


then use of the convenient setLing circles, 
some piofessional aslionomeis have never 
learned the constellations as thoroughly as 
some amateurs who do not use them. 

J. M. Holeman of Richland, Wash., who 
made the accompanying photographs, also 
coated the lenses and aluminized the flat 
mirror of Brown’s telescope. Holeman has 
furnished some details concerning the tele- 
scope; Biown has furnished others. It is 
of the Grubb-Gerrish type described in 
Bell’s The Telescope and in Amateur 
Telescope Making. The objective lens and 
barrel are parts of a 4% -inch Bardou re- 
fractor of good quality. Brown made the 
flat from a 6-inch Pyrex blank. 

Shown in the photograph aie some ac- 
cessories for finding stars rapidly. A wrist 
watch adjusted to sidereal time hangs 
above the telescope. Beside it is a chart 
to convert the positions of certain well- 
known stars to hour angle for adjusting 
the setting circles in order to begin the 


night's observing Below this is a shallow 
chait box with a ground-glass covei, con- 
taining, for illumination, two six-volt 1 a- 
dio lamps that run on cui lent from a 
transfoimer The charts of the heavens aie 
placed on the face of the ground glass. 
This could be done, for example, with the 
special charts of the AAVSO Since these 
are drawn mveited. and reveised for use 
with refractors, most observers who own 
reflectors use them with a mirror. Brown’s 
telescope already has a mirror below its 
objective lens, which inverts but does not 
reverse the image of the sky. Hence he 



Elevation of the polar telescope 


inserts the chaits m the box face down, 
so that when he looks through the charts 
from the back they coriespond to what he 
sees. 

The hour scale or right-ascension (celes- 
tial longitude) circle, visible as a white 
belt around the barrel of the telescope 
tube, is held in place by a tension spring 
(see drawing below ) , but may be loosened 
to slide it ai ound the telescope and corre' 
spond to the date of observation. There- 
after it is driven with the telescope by a 
110-volt clock motor of one r.p.m., which 
shows above the observer’s thumb in the 
photograph. Other parts such as worm 
and segment gears were taken from a war- 
surplus gyropilot which cost $5. 



Polar telescope drive and controls 


The flat mirror is tilted in its yoke by 
means of a worm-driven flexible shaft or 
cable; its black knob is seen atop the tube 
of the telescope. This cable passes through 
the inside of the tube, emerging through a 


hole halfway down and, with a worm on 
its lower end. actuates a woim wheel iden- 
tical with the one at the top. The control 
knob is geaied. through an attached gear 
tram and worm, to a declination circle on 
the left side of the telescope. Brown lias 
many telescopes, but likes this one best 
because of its indoor obseivation feature. 

The drawing, made by Russell Porter 
after a rough sketch by Brown, shows the 
tube and, aiound its lower part, the yoke 
that is integral with it. Both are rotated 
90 degrees; this is to say, the declination 
conti ol and focusing screw are not in the 
same positions as in the photograph. The 
pivoted thrust-bearing below the yoke fits 
into a hole in a wooden cap on the post. 
After the telescope was adjusted parallel 
with the earth’s axis this cap was nailed 
to the post. The yoke is made of one-mch 
pipe and the telescope is attached to it 
with strap-iron clamps The upper bearing 
of the telescope, just outside the house, is 
an aircraft-type ring bearing. 

HROUGHOUT much of the literature 
of telescope mirror -making the terms 
parabola and paraboloid are used inter- 
changeably as if the two were synony- 
mous. Of course nearly eveiybody under- 
stands what is meant, a paraboloid being 
the two-dimensional surface generated 
when the one- dimensional curve called a 
parabola is rotated about its axis. The 
escape from the alleged crime is that when 
a mirror is called a parabola its cross 
section is described. 

What more rightfully rubs the mathe- 
matician’s whiskers backward is calling 
the paraboloid a curve. Being two-dimen- 
sional, it is a surface. In sum, then: 
Parabola: one-dimensional, curve. 
Paraboloid: tw T o-dimensional. surface. 

W ALKDEN of London mentions a 
wrinkle for observing with his rich- 
est-field telescope. In an ordinary straight 
view where the telescope tube is fixed, as 
on a mounting, the central 20 degrees of 
the field may be good and the margins 
fairly good, until you swivel your eye to 
get a direct look at them with the central 
part of the retina. Then they seem strange- 
ly dim and also have poor definition. 

What you have done, Walkden points 
out, is to move the crystalline lens of the 
eye sidewise from the Ramsden circle so 
only a crescent of the lens and the tele- 
scope mirror remain in use. This is be- 
cause the Ramsden circle is so close to the 
size of the eye lens: you carefully planned 
it that way when you designed the tele- 
scope. 

The wrinkle is simply to compensate 
this partial eclipse by moving the whole 
head in the opposite direction an amount 
which will come to about a seventh of an 
mch. If the telescope is not on a mounting 
it can itself be moved a little. The chances 
are that the average observer does these 
things unconsciously, but it is still instruc- 
tive to realize just what he is doing and 
why. 
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These magnificent 7x50 prism binoculars were 
obtained through the Supreme Commander 
of the Allied Powers. They have the brilliant 
luminosity, precise clarity, and wide, undis- 
torted field of view obtainable only with a 
good large glass. Because 7x50 glasses give 
the highest performance obtainable they are 
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and Marine Corps. This is your opportunity 
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THE USUAL COST. Lifetime construction. 
Lightweight aluminum body. Individual eye 
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In Original Cases. Only a few left 
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Polishing and Grinding Equipment — 
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COST 

2 
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Motors 

1970.00 

2 

Robinson Hcuchin Model 109, 4 
Columbus, Ohio Spindle, 10" 

Block Capacity 
Polishing &, 
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chine With 



Motors 

1800 00 

2 

Jacklsh, &. Spanik 3 Spindle, 12" 
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Polishing & 
Grinding Ma- 
chine With 



M otors 

780 00 

2 

Bailey Vibrator Model G-132, 
Philadelphia, Pa 4 Spindle, 14" 
Block Capacity 
. Polishing & 

Grinding Ma- 
chine With 



Motors 

Cerium Oxide — $2.50 per lb. 

IG36 00 


Abrasives, All Grades — Large Discounts 
Write for list 


• 

Also Diamond Curve Generating Wheels 
at Substantial Savings. List Available 
• 

Disposing of complete lens manufactur- 
ing plant equipment and supplies 

BINSWANGER-HENKIN INDUSTRIES 

641 Union Avenue, Memphis, Tenn. 
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Your First Move 


at the first sign of cancer 

are groundless. Or that prompt 
treatment can bring you out 
on top. 

Remember — you can’t diag- 
nose cancer yourself, but you 
can suspect it. Be on the look- 
out for cancer’s danger signals. 
Watch for them in yourself, in 
your friends and in members 
of your family. Write for im- 
portant free booklet — today. 


^ Progressive change m the color 
or size of a wart, mole or 
birthmark. 

4. Persistent indigestion. 

J Persistent hoarseness, unex- 
plained cough, or difficulty in 
swallowing. 

g Bloody discharge or irregular 
bleeding from any of the natu- 
ral body openings, 

"J Any change in the normal 
bowel habits. 


W HEN you suspect cancer 
—go immediately to your 
doctor for diagnosis and treat- 
ment. 


Don’t be afraid to learn the 
truth. Your doctor may give 
you the good news your fears 



1 Any sore that does not heal, 
particularly about the tongue, 
mouth or lips. 


2, A painless lump or thickening, 
especially in the breast, lip or 
tongue. 



mail coupon for FREE BOOKLET 

THAT TELLS THE FACTS ABOUT CANCER 


AMERICAN CANCER SOCIETY 
47 Beaver Street, New York 4, N. y 

Please send me free the booklet containing vital infor- 
mation about canceT. , 

Name* .......... 

Address . . . • i ; 

Citfy. .... .State 
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tlSLIICRAPHY 

Readers interested in further leading 
on the subjects covered by articles in this 
issue may find the lists below helpful* The 
lists are not intended as hihliogi aphies of 
source material for the articles The ref- 
erences selected will provide supplemen- 
tary in for matron 

CANCER AND ENVIRONMENT 

Occupation \l Tumors and Allied 
Disk asks W. C. Huepei. C C Thomas. 
1942 

Environmental C\N( Kit W C. Hue- 
pi*] Public Health Seivice, U. S. Govern- 
ment Punting Office. 1948 

THE ARRIVAL OE ACETYLENE 

Tin: Chemistry of Acetylene Julius 
A NLeuwland and Ricluud R. Vogt Rein- 
hold, 1945. 

Rkppf/s Acetylene Chemistry. M. 1L 
Bigelow m Chemical and Engineering 
News; A pul 14, 1947. 

THE OEDIPUS MYTH 

The Basil Writings of Sigmund 
Freud. Translated by A. A. Brill. The 
Modern Libiary, Random House, 1938. 

The Mothers. Robert B riff anil. The 
Macmillan Company, 1927 

THE UPPER ATMOSPHERE 

The Physical State of the Upper 
Atmosphere. B. Haurwiiz. Royal Astio* 
nomical Society ol Canada, 1941. 

Physical Properties of the Atmos- 
phere up to 100 Kilometers. B. Guten- 
berg m the Journal of Meteor ology, Vol. 
3, pages 27-30, June, 1946. 

THE INVENTION OF ANALYTIC 
GEOMETRY 

History of Geometrical Methods. 
J. L. Coolidge Oxfoul Univeisily Piess, 
1940. 

A History of the Conic Sections and 
Ouadric Surfaces. J. L. Coolidge Ox lord 
snivel sity Piess, 1945 

MAPPING MOUNT McKINLEY 

The Conquest of Mount McKinley. 
Belmoie Brown. G. P Putnam’s Sons, 
1913. 

THE RECORD OF HUMAN ILLNESS 

Paleopathology. R. L. Moodie. Uni- 
versity of Illinois Press, 1923 
Injuries to the Head Among Pre- 
Columbian Peruvians. R, L. Moodie in 
Anndls of Medical History , Vol. 9, pages 
277-307; 1927. 

Studies in the Paleopathology of 
Egypt. M. A. Ruffer University ol Chi- 
cago Press, 1921. 
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Behind the identifying trade-mark of 
eveiy product, stands the integrity and 
reputation of the maker. As a chemist, 
you know how important this is in the 
chemicals you use . . . and how it may 
affect the results you get. 

With B&A Reagents, there is no com- 
promise on purity; you are always 


assured of dependable products. That 
is because each B&A Reagent is 
pieeision-made to meet exacting 
pi cdclcrmmed specifications . 

In addition, high manufacturing 
standards . . . advanced production and 
control techniques . . . and more than 
three-score years of experience— all are 


factors that help make Baker & Adam- 
son Reagents the logical choice of 
those who demand consistent quality . 

That is why B&A places the “Standard 
of Purity” shield on its products with 
confidence and pride. And that is why, 
when you older laboratory reagents, 
you can specify B&A with confidence . 


CHEMICALS 


Baker 


GENERAL CHEMICAL DIVISION 

ALLIED CHEMICAL & DYE CORPORATION 
40 RECTOR STREET, MEW YORK 6, N. Y. — — . 

Offices: Albany* ♦ Atlanta * Baltimore • Birmingham* • Boston* • Bridgeport* • Buffalo* * Charlotte* 
Chicago* * Cleveland* • Denver* * Detroit* * Houston* • Kansas City • Los Angeles* * Minneapolis 
NewYbrk* • Philadelphia* • Pittsburgh* • Portland (Ore.) • Providence* - St. Louis* • San Francisco* 
Seattle * Wenatchee (Wash.) • Yakima (Wash ) 

In Wisconsin: General Chemical Company* Inc , Milwaukee, Wis. 

. In Canada; The Nichols Chemical Company, Limited » Montreal* • Toronto* * Vancouver* 
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CHEMICAL- PURITY SINCE 1883 
* Complete stocks are earned here. 





Mercury, “messenger of the gods,” was slow compared with 
Ultrafax — which moves at the speed of light. 


Tiwis m^ss©n cfe//Vers a wf/Zion worcZs a w/hcrfe 


Recently, at the Libraiv of Con- 
gress, a distinguished audience saw 
documents flashed across Washing- 
ton by a new means of communica- 
tion . . . and reproduced in facsimile. 

This was Ultrafax in action— a super- 
fast television communications system 
developed at RCA Laboratories* Repro- 
ductions of any mail— personal, busi- 
ness, or military . . . including police de- 
scriptions, fingerprints, bank drafts, 
government records— can travel at 
186,000 miles a second! 


Material to be sent is placed be- 
foie an RCA “flying spot” scanner, 
and transmitted by ultra-high fre- 
quency ladio signals. Miles away 
the pictures appear on a picture 
tube and are photographed. Nega- 
tives are ready for printing or pro- 
jection in 40 seconds. 

Eventually, when Ultrafax comes 
into commercial use, a complete Sun- 
day paper— every word, every picture 
—may cross America in 60 seconds . . . 
a letter in the twinkling of an eye. 


Science at work . . ♦ 

Ultiafax is but one of scores of ma- 
jor achievements pioneered at RCA 
Laboratories. This leadership in sci- 
ence and engineering adds value 
beyond price to any product or serv- 
ice of RCA and RCA Victor. 

Examples of the newest develop- 
ments in radio , television , and electron- 
ics may be seen m action at RCA Ex- 
hibition Hall,SG\Vest 49th Street, N.Y. 
Admission is free. Radio Corporation 
of America , Radio City , N. Y. 20. 
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ACETYLENE 

The January 1949 issue of 
Scientific American con- 
tained a very interesting 
article entitled ARRIVAL 
OF ACETYLENE. To those 
of you who are interested 
in this subject may we sug- 
gest that you may also be 
interested in the transla- 
tions of captured German 
documents as completed 
by our company, especially 
the ones listed in our Ab- 
stract booklet as PC-3, PC- 
37. PC-69 and PC-S-I. 

★ ★ ★ ★ 

Our Abstract List booklet 
containing information, 
sources, abstracts and 
prices on these and many 
other Technical Oil Mission 
(T.O.M.), Offices of Tech- 
nical Services (O.T.S.) and 
Publication Board (PB) Re- 
port Translations may be 
obtained by dropping us a i 
line requesting same. This 
booklet will be sent to you 
at no cost or obligation 
whatsoever. 

★ ★ ★ ★ 

We also specialize in trans- 
lations of any individual 
documents, technical or 
otherwise, from or into any 
language — write us for our 
information letter. 

: ★ ★ ★ ★ 

CHARLES A. MEYER & CO., INC. 

25 Vanderbilt Avenue 
r New York 17. N r Yw 
Telephone MUrray Hill 4-0654 

<m , *■ 



Sirs : 

The public opinion polling business is 
a brickbat and bouquet affair. This hap- 
pens to be brickbat time. In 13 years 
polling methods have improved consid- 
erably and no poll director m his right 
mind would assume that they can’t be 
improved further. We are always open 
to suggestions and criticism. 

But it seems to me that the article on 
“Public Opinion Polls” in your Decem- 
ber issue seriously misled your readers 
by conveying the idea that certain sam- 
pling procedures, if adopted by the polls, 
would be a cure-all for the errors made 
in election predictions. The piocediues 
referred to in that aiticle failed to stand 
up any better than othei methods under 
the test of the Truman-Dewey election. 

The author of your December article 
says without qualification that area, or 
“probability,” sampling is more accurate 
than quota sampling. I am not attacking 
or defending eithei method here. My 
concern is that your readeis were not 
told the whole story. On the basis of all 
the facts it would seem to me unscientif- 
ic to conclude that the polls m 1948 
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LETTERS 

would have come out all right if they had 
only followed the piocedures which your 
authoi champions so briskly. 

It happens that area sampling was 
used m the 1948 election (though one 
would never guess it from the article) . 
Competent research men used it in two 
areas— the city of Elmna, N. Y., and the 
state of Washington. The results hardly 
substantiate any conclusion that this pro- 
cedure is better for election forecasting 
than any other. 

In the Elmira poll the error in the 
Dewey figure was 6 percentage points, 
and in Washington the Dewey vote was 
ovei predicted by 3 percentage points. 
Taken together, the error on Dewey was 
approximately the same, m terms of per- 
centage-point deviation from the elec- 
tion result, as in the case of quota sam- 
ples. Il is unfoitunate that your Decem- 
ber article neglected to report this evi- 
dence which was known to all public 
opinion researchers. 

Again, the author cites evidence from 
vaiious of his own surveys to prove that 
aiea sampling produces figures that 
squaie almost exactly with census data. 
But I looked in vain for any mention of 
a famous study m which both area and 
quota sampling methods were used and 
in which the area sampling methods em- 
ployed by this same author produced a 
sample containing 18.2 per cent of per- 
sons with college training. The U. S. 
Census estimate, as of April, 1947, for 
this same group was about 12 per cent. 

Let me lepeat that I am not defend- 
ing one method against the other. In 
terms of the 1948 election the most that 
can be said, it seems to me, is that one 
method was no worse than the other. It 
may be that area sampling— with certain 
impiovements which our organization is 
now evolving — to ill prove in the future to 
be the best way of forecasting elections. 
The only scientific way is to keep testing 
all methods that look promising. I would 
want to see this one tested some more 
before jumping to conclusions. 

From a research point of view, one of 
the greatest hazards m election forecast- 
ing is the problem of identifying those 
persons who will take the trouble to vote 
and those who will stay at home on elec- 
tion clay. Your author calls this a “knot- 
ty” problem and then goes on to say that 
“pollsters have made few attempts to 
develop questions to measure the inten- 
sity of the determination to vote.” As a 
matter of fact, no other department of 
polling has been the subject of such in- 
tensive research. 

Literally hundreds of experiments 
have been tried. One reason why this 
research has not been more productive 
is that voting is not merely a matter of 



have little interest in an election actually 
cast votes simply because party workeis 
make it their business to get many of 
these persons to the polls! And not until 
someone discovers a way of measuring 
party-worker efficiency is there much 
hope of overcoming this problem. 

The article also goes into die question 
of polls on issues of die day. The author 
quite rightly stresses the importance of 
die meaning that words used in poll 
questions convey to the people inter- 
viewed. This has been one field m which 
we of the American Institute of Public 
Opinion feel that we have made some 
very basic contributions. Many years 
ago we developed die “split ballot” tech- 
nique to provide a means of testing the 
wording of questions. By conducting 
simultaneous polls on questions worded 
in two different ways, we have been able 
to test the effect of semantics in public 
opinion polling. Of all this experimenting 
the article takes no notice. 

It also fails to repoit the woik done 
by our oigamzation m developing its 
“Qmntaniensional Plan of Question De- 
sign.” This approach to complex issues 
oi an economic, social and political 
chaiacter assures the polling organiza- 
tion of being certain the peison inter- 
viewed knows somediing about the 
issue, it can ascertain the level of his 
information and correlate the degree of 
knowledge with opinion. 

Finally, the aiticle expresses concern 
over the fact that the results of two 
questions reported at approximately the 
same time by two different polling or- 
ganizations showed a difference of some 
14 percentage points. I believe a little 
thought will show that these two par- 
ticular questions were not at all the same 
in meaning. Anyone m the polling field 
would be greatly disturbed if the public 
didn't react differently to different ideas. 

During the next few months there will 
be many city and state elections in 
which research men can seize the op- 
portunity to demonstrate how better 
forecasts can be made. This will give 
them the chance to try out then own 
ideas publicly— with, of course, the at- 
tendant risk. 

When better polling techniques are 
developed, you can be sure that we and 
the other polling organizations will 
adopt them in a hurry. Why shouldn't 
we? The prestige of pollsters and in fact 
the very existence of polls are depend- 
ent on accuracy. 


GEORGE GALLUP 


Director 

American Institute of Public Opinion 
New York, N. Y. 


Sirs i 

Rensis Likert s article on the election 
polls in your December issue repeats the 
criticisms which have been most com- 


monly made by other psychologists and 
polling students. These criticisms are: 
first, the inadequacy of the sampling, 
and second, the inadequacy of the 
methods used. May I call attention to a 
very obvious oversight in such criti- 
cisms* 5 

The last Gallup Poll was made from 
ten days to two weeks before election 
day, and the last Crossley Poll from two 
to three weeks before the election. The 
last Fortune Poll was made by Elmo 
Roper three months before the election. 
In other words, these polls were not 
made dining what is now conceded to 
have been the most critical days of the 
election campaign, when the slight trend 
toward Tiuman already shown by the 
polls may have been turning into some- 
thing of a landslide 

In any case, no analysis of the sample 
or of the method can now possibly prove 
that the Gallup Poll was wrong as of the 
time the poll was taken; or that the 
Crossley Poll was wrong as of the time 
it was taken; or even that Roper's Poll 
was wrong as of the time it was taken. 
This is a very simple and definite prob- 
lem in validation, the actual election 
results being the criterion. Naturally, 
smce the election did not take place at 
the time the other polls were made, the 
only thing that analysis of the polls can 
show now is that theii prediction, 01 the 
piojection of theii' results to a period two 
weeks or more latei, was wrong. 

Looking at this m another way, let us 
assume that the polls made by Gallup 
and Crossley had used the most perfect 
possible samples and the most perfect 
possible methods. If, in the two or three 
weeks preceding the election, while no 
polls were being made, a sharp swing 
toward Truman was taking place, then 
these ideally perfect polls would also 
have been wrong. 

It seems to me that a great danger in 
respect to the election polls and otliei 
surveys is the tendency to submerge the 
obvious m a mass of technicalities. Tech- 
niques are, of course, important and 
should be continuously improved, but 
more elaborate and more adequate tech- 
niques are no substitute for logical analy- 
sis and judgment. 

It is as simple as this: Not even the 
most perfect sampling methods can 
measure a trend if the poll using the sam- 
ple is not being made. The most obvious 
failure of the recent election polls is that 
they were not made during a time when 
they should have been made. This error 
grew out of an unwarranted assumption 
that voters are not likely to change their 
minds during an election campaign, es- 
pecially in the last week or two before 
the election. 


HENRY C. LINK 


Vice President 

The Psychological Corporation 
New York, N. Y, 



® REFRACTORS. Light, portable . . . the 
finest lenses make these instruments ideal 
for the amateur astronomer. 

Price: Only $199 for 3" model, $310 for 4". 

© REFLECTORS. For precision and econ- 
omy Saturn Newtonian and Cassegrainian 
Equatorially Mounted Reflectors are un- 
surpassed. (Poitable units also available. I 

FREE LITERATURE 

Send for literature giv- 
ing details of the Time 
Payment Plan and full 
information on Saturn 
Telescopes 

TINSLEY LABORATORIES 252S Grove St, Berkeley, Calif. 
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DYNAMOMETERS 

Measure traction, tension, weight. 
In field or laboratory — quickly, 
precisely. Only 040 1 ' movement 
for full reading. Individually cali- 
brated. Nine interchangeable ca- 
pacities, O-EOO lbs to 0-20,000 lbs. 

PRESSURE GAUGE 

For tight spots. Small, fits in palm 
of your hand Jeweled dial indi- 
cator on "U" pressure bar gives 
instant readings up to 5,000 lbs. 
Versatile — rugged— lightweight. 

THERMOMETER 

Stainless steel Instant, accurate 
readings. M oistu re — overheat 
proof, Fahrenheit and Centigrade, 
Variable stem lengths, 4" to 42*\ 
Dials from I" to 5'\ Pressure 
proof excess 3476 pst. 

UNIVERSAL TESTER 

MODEL L: Specimen testing -f 
Ibs to 160,000 psi in seven ranges. 
Quick, easy, interchangeable. 
Tests rounds, flats, spe* ial shapes, 
any material. 

M ODEL M: for low range critical 
testing Ounces — tenths — kilos. 
Calibrated pendulum accuracy to 
l /z of 1%. 


• WRITE TODAY FOR ILLUS- 
TRATED BUILETINS^FREE TENSILE STRENGTHCOMPUTER, 
TELLS IN SECONDS BREAKING POINT OF MATERIALS. 

W. C. DILLON & CO., INC. 

541 0-Y W. Harrison St., Chicago 44, Illinois 





mil? 



F EBRUARY 1899. “Divers statisti- 
cians are telling us that the world’s 
population is growing so fast that in 
a few centuries theie will not be food 
enough to support it. A Belgian statisti- 
cian, Gen. Brialmont, thinks this time 
will come in less than four hundred 
years. In Cosmos, Di. Albert Battandier 
reviews the Belgian general’s arguments 
and concludes that there is not so much 
to fear, aftei all, hut it cannot be said 
that he is very reassuring, foi he merely 
puts off tire evil day and then tells us to 
trust in Providence.” 
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machine aie contrivances which, to a 
ceitam extent, supplement each other 
Both methods of flying are still in a state 
of development, but the time has passed 
when all attempts at flying are sneered 
at and dended. In the last few decades 
the art of flying has developed so prodi- 
giously and has made such astonishing 
progress, that at no distant day the 
practical solution of the problem may 
be expected. The German government 
has taken such interest in the mattei of 
aenal navigation that it has appropriated 
$200,000 for expei iments with the diri- 
gible air-ships of Count von Zeppelin.” 


“The year 1898 was an important pe- 
liod m the histoiv of space-telegiaphy, 
it was the period in which the possibility 
of being able to signal across wide 
stretches of open sea with certainty m all 
weathers and at high speeds, became 
first generally recognized and practica- 
ble. It is very generally admitted that 
space-telegraphy will replace metallic 
circuit systems only under conditions 
where metallic ciicnits are impractica- 
ble. Space-telegiaphy is at piesent lim- 
ited to comparatively short distances and 
its usefulness is confined to spanning 
estuaries, skirting seaboards, and such 
purposes.” 

“One year ago a company put thirteen 
horseless electric cabs for hire on the 
streets of New York. To-day the same 
company operates one hundred cabs and 
they are so popular that they have to be 
taken from the public cab stands and 
kept m the cab house to fill telephone 
and messenger orders of regular cus- 
tomers. Three hundred cabs are needed 
to fill the demand, and it is doubtful if 
the demand would be supplied. In addi- 
tion to the cabs there are at least thirty 
delivery wagons, pleasure vehicles, etc., 
in Manhattan proper.” 

“M. Lockroy, the French Minister of 
the Marine, has communicated to the 
press the fact that the new submarine 
torpedo boat "Gustav Zede’ succeeded in 
torpedoing with a dummy torpedo the 
French battleship "Magenta.’ ” 

“In spite of all failures, in spite of 
numerous mishaps, many minds are still 
endeavoring, theoretically or practically, 
to solve the problem of artificial flight. 
The dirigible bajloqn and the flying- 


EBRUARY 1849 “There aie vari- 
ous theories regarding the precise 
character of light. By some it is 
descnbed "as very minute particles 
thrown ofl m all directions with im- 
mense velocity iiom luminous bodies.’ 
Others consider it as the effect of an un- 
dulation produced by luminous bodies 
in the elastic medium of the atmosphere, 
and producing an effect upon our organs 
of sight like sound on the air by vibra- 
tions of the atmosphere. Our opinion is 
m favor of the two theories combined, 
namely, that light is thrown off luminous 
bodies m all directions with great veloc- 
ity and by a vibration.” 

“The present age is Augustan m re- 
spect to mighty achievements in science 
and ait. Not only are works projected 
now that are more grand and imposing 
than the greatest woiks of Egypt, Greece 
or Rome, but we seem to construct woiks 
m a day, that would have required a 
century of ancient labor. Let them boast 
of ancient art who may— of ancient ai- 
chitecture, sculpture and painting— these 
are the signs of luxury and refinement 
and aie not concomitants nor the signs 
of any nation’s happiness or prosperity. 
A spinning jenny does more good to a 
country than a palace, and a steam en- 
gine confers more benefit than a tem- 
ple.” 

""A memorial was presented to the 
Senate on Monday the 27th ult., asking 
for an appropriation for the construction 
of a telegraph from Nova Scotia to the 
coast of Ireland on the submerged table 
land which was stated to have been dis- 
covered to exist between the two con- 
tinents. The memorialists propose to 
; enclose the telegraph wires m cork tubes 

[ 1 > V , 1 , r 
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and anchor them at ten miles apai t This 
pioposition is as feasible as going to 
California m a bag of hydrogen gas.” 

“It is calculated that a lailroad from 
the Junction ol the Nebraska and Mis- 
souri livers to San Francisco would be no 
moie than 1600 miles long and that it 
might be constructed for the sum ol 
$ 20 , 00 0 , 000 .” 

""Since our government took posses- 
sion of California the necessity ol open- 
ing up a channel of easy communication 
between it and the old Stales has become 
obvious to all. The Isthmus of Tehuante- 
pec belongs to Mexico, but we believe 
that government is willing to grant the 
right of way to the United States. By 
having a Railioad through Tehuantepec 
to the Pacific, we may expect that with- 
out any more war, a State would be 
formed in the heart of Mexico that would 
m twenty years petition to be admitted 
into the Union.” 

""According to the St. Louis Union, the 
total number of steamboats which have 
met with disaster on the Western Rivers 
during the past year is 109. Of this num- 
ber 59 were totally lost. By the various 
accidents 205 lives were lost. No esti- 
mate is attempted of the loss of property , 
On 14 of the boats $118,800 were m- 
suied.” 

"‘The following "Act to Protect Ap- 
prentices and Operatives in Manufacto- 
ries,’ is now befoie our Legislature. No 
child shall be employed in any manu- 
factory or workshop within this State 
[New Yoik] who shall not have attained 
the full age of ten yeais, and be able to 
lead and write. No child shall under any 
circumstances labor more than ten hours 
in any one day.” 

“Towns and villages spring up m the 
western wilds ‘as suddenly as the floweis 
of the tropics.’ It is but recently that we 
recorded a cession of a tract of land in 
Wisconsin to our government by the 
Menominee Indians, and yet, since the 
conclusion of that treaty, the country be- 
tween the Fox and Wisconsin rivers, 
which forms a portion of the territory, 
has been settled with emigrants, and 
Yankee log cabins dot the fair expanse 
of that delightful region where before 
there was nothing but the wigwam of 
the red man.” 
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BELL TELEPHONE LABORATORIES |A| 

EXPLORING AND INVENTING, DEVISING AND PERFECTING, FOR CON- 
TINUED IMPROVEMENTS AND ECONOMIES IN TELEPHONE SERVICE. 


A 

j 


when you talk by telephone, far or near, the actual 
sound travels much less than when you talk across 
the room! 

That’s because the telephone system carries not sound 
itself but an electrical facsimile of sound. When you 
speak into a telephone transmitter your voice is con- 
verted into electrical vibrations which are not changed 
back into sound until they reach the receiver 
diaphragm. 

Conversion of sound into its electrical equivalent, 
through the invention of the telephone, opened the 
way to the measurement of sound by accurate elec- 
trical methods. In developing means to make the 
telephone talk farther and sound clearer, the scien- 
tists of Bell Telephone Laboratories had to develop 
the tools for sound-wave analysis and measurement. 

The condenser microphone, the wave filter, the ampli- 
fier — • each the product of telephone research — have 
helped to reveal the structure of sound as never before. 
Each has helped to build the world’s finest telephone 
system. 




AMERICAN HEART ASSOCIATION, 1775 BROADWAY, NEW YORK 19, N.Y. 


RHEUMATIC HEART DISEASE 

childhood’s greatest enemy 

Heart disease, America’s leading cause of death, is no respecter of age. 
Support the 1949 program to control this menace to our nation's health 
through research, education and community service . . .open your heart! 



THE COYER 

The painting on the cover shows an 
imaginary scene m Yellowstone Na- 
tional Park, where life can be studied 
in extieme environments of both heat 
and cold (see page 46) . The collect- 
ing bottle, watch glass and thermom- 
eter are p ait of the equipment used in 
such investigations. The mountains in 
the background are the home of or- 
ganisms equipped to survive extreme 
cold. The hot pools in the foreground 
contain many forms of life, including 
the two insects shown m the painting. 
In the bottle is a watei beetle, Tropis- 
ternus calif omicus, which is found in 
pools from 90 to 100 degiees F. On 
the tip of the thermometer is a horse- 
fly named Tabanus panctifer which 
can live in water at some 90 degrees. 
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Sunglasses plaled xoith stainless steel— a 
recent comma ctal application of high vac- 
uum. Used hy Bausch & Lomb Optical Co. 
for RAY'- BAN Gradient Density sunglasses , 
it works wonders in killing glare, relieving eye 
strain and fatigue , and improving vision . 





witUMujh/ Vacuum* 


• During the war, planes jockeyed 
to attack out of the sun — battleships 
maneuvered to get the sun at their 
backs. The sun glare impairing vision, 
and accuracy of optical instruments 
made them a poor target for the enemy. 

Counter strategy developed tele- 
scopic sights, range finders, and aerial 
cameras whose lenses were coated un- 
der high vacuum with transparent fluo- 
ride salts. Thus treated lens surfaces 
were less reflective, more 
light was admitted, instru- 
ments could work better 
against the sun. 

Improving aviators* sun- 
glasses presented a differ- 
ent problem. Here the same 
high-vacuum process was 
used, but the cdating must 

I . ■.. : - 1 . 


serve to cut down passage of light 
throughthe lens. Experiments disclosed 
stainless steel as the ideal material. 

The process has been adopted for 
commercial use. At Bausch & Lomb, m 
the chamber of a DPI lugh-vacuum 
coater, metallic vapor of stainless steel 
is deposited in a scientifically controlled 
* 'gradient” pattern of density and area. 
These stainless steel coated sunglasses 
are now available at optometrists. 


This is but one of many applications 
of high vacuum in science and indus- 
try to make improved products at 
lower cost. 

Do you know what high-vacuum 
distillation, dehydration or fusion may 
do to improve your products— to de- 
crease processing costs, or to salvage 
waste materials into valuable commodi- 
ties? DPI research men and engineers 
may be able to tell you. Write 


Distillation Products, Inc. 

7i1 RIDGE ROAD WEST, ROCHESTER 13, N. Y. 

Manufacturers of Molecular Skills and, High-Vacuum Equipment ; Distillers 
Soluble Vitamins and Other Concentrates for Science and Industry 
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Thousands of women die every year because 
they are afraid to find out if they have cancer* 

That fear is fatal . . . because cancer can be 
cwecl if tieated « eaily . 

That’s why it’s so desperately important 
for you to train youtself to watch for 
symptoms, and to act immediately. 

Pain is seldom an early symptom, but here 
are danger signals you should look for: 

1 . Any sore that doesn’t heal. 

2 . Any lump or thickening in the 
breast or elsewhere. 

3. Any change in a wart or mole. 

4 . Persistent hoarseness or cough. 

5 . Persistent indigestion or 
difficulty in swallowing, 

6. Unusual bleeding or discharge. 

7 . Any change m bowel habits. 

Don’t let fear ... or carelessness . . . 
rob you of your chances of cure. 

Go to your doctor if any of these symptoms 
is present, or to your nearest Cancer 
Detection Center. You can find out 
where it is from the American Cancer 
Society, 47 Beaver St., New York, N. Y. 

American Cancer Society, Inc. 
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It has pioneered so fruitfully in the support 
of basic science that it stands as a model for 
the planned National Science Foundation 

by John E. Pfeiffer 


tories and sly branch offices, ONR is 
sponsoring a huge univeisity program. 
Its 1,131 projects with workers at more 
than 200 institutions account for nearly 
40 per cent of the nations total expen- 
diture m pure science. These contracts 
aggregate $43 million— more than the 
entire national expen dituie on basic re- 
search before the war. Of these funds, 
$20 million comes from ONR itself, $9 


B UILDING T-3, a gray unit in Navy 
Row on Constitution Avenue m 
Washington, is one of those “tem- 
porary” wartime structures that wall 
probably be in use for another genera- 
tion or so. It houses a young project that 
will last a good deal longer. T-3 is the 
headquarters of the Office of Naval Re- 
search, which is primarily military but 
also repiesents the fiist peacetime ven- 


gram of research. At the head of table is the Officers 
Deputy and Assistant Chief, Captain Calvin M, Bolster. 

!dbr:*r>. 


ONR’S DIRECTORS meet in weekly Tuesday morning 
session to consider strategy and projects in its huge pro- 


million is distributed by ONR for other 
Federal agencies (principally the Atomic 
Energy Commission, with which it has 
a cooperative program), and appioxi- 
mately $14 million is contributed by 
universities. All of this money is spent 
in projects chosen and supervised by 
ONR. Thus a very substantial piopor- 
tion of U. S. scientists m a wide variety 
of fields, from asttonomy to genetics, are 
working for the Navy. 

The Navy has managed to keep them 
surprisingly well contented. When ONR 
started operations thiee years ago, sci- 
entists viewed the tempting contracts it 
proffered with deep suspicion. They ex- 
pected that accepting the Navy’s money 
would involve them m stifling red tape, 
endless discussions with offieei s lacking 
in undei standing of science, and endless 
military demands. It turned out other- 
wise. Many a scientist who vowed at the 
end of the war that he would never again 
work foi the Government is now working 
happily for ONR. The Office is so well 
regarded by the scientific community 
that it receives four times as many ap- 
plications for projects as it can finance. 

The ONR set-up is far from Utopian, 
but those who are concerned with or- 
ganizing the proposed National Science 
Foundation are examining its methods of 
operation as an object lesson m Govern- 
ment suppoit of science with a minimum 
of bureaucracy. The Foundation prob- 
ably will be considerably closer in opera- 
tion to ONR than to the wartime Office 
of Scientific Research and Development, 
which, though a civilian agency, was 
concerned only with applied and mili- 
tary research. 


mgs (although ONR officers have ob- 
seivecl that he is as gratified as anyone 
else when others put his work to use). 

When a scientist submits a project for 
ONR support, he is given no blanks to 
fill out but is asked only to descube Ins 
project clearly, list the expenses and 
needed equipment, and supply other 
necessary details. After the contract is 
signed, he is spared any fiscal paper 
woik. The contract is made with his uni- 
versity, and the university administra- 
tive office handles the bookkeeping. The 
scientist is expected to make a pi ogress 
report every thiee months, and a final 
repoit on completion of his woik. Al- 
though he is encouraged to publish his 
work m scientific journals, he is not 
pressed to bicak into print at periodic 
intervals— a convention which has been 
a long-standing grievance of scientists 


woikmg undei grants hom pnvate foun- 
dations. 

Like any agency spending the taxpay- 
ers’ money, ONR has not found it easy 
to get over the habit of demanding an 
accounting for eveiy penny and every 
minute. The aimed foices, accustomed 
to buying chiefly ‘‘hardware” to be cle- 
liveied m definite quantities at definite 
times and places, at first had a tendency 
to legal d the findings and ideas of le- 
seaich m the same way. They sometimes 
went to the extreme of insisting on tech- 
nical reports of a predetermined numbei 
of double-spaced, typewritten pages. 
While ONR has never required its scien- 
tist-contractors to punch time clocks (as 
some laboratories did dui mg the war), 
it made some attempts to obtain weekly 
reports of time worked. It was cured ol 
this fault eaily, notably by a Northwest- 
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M UCH of ONR’s success is attributed 
to its sound basic organization. The 
Office is run by two naval officers : Rear 
Admiral Thorvald A. Solberg, Chief of 
Naval Research, and Captain Calvin M. 
Bolster, Assistant Chief. But they share 
control and policy-making with a civil- 
ian, Alan T. Waterman, a former Yale 
University physicist who was a leading 
official in OSRD during the war and is 
now chief scientist of ONR. In the se- 
lection of university projects to be sup- 
ported, this triumvirate is assisted by an 
over-all naval research advisory commit- 
tee and by 12 advisory panels of scien- 
tists, consisting of about 125 leaders m 
U. S. science. ONR itself lias a head- 
quarters staff of scientists who keep m 
close and sympathetic touch with the 
university projects. 

A second reason for the program’s suc- 
cess is that ONR has made good its 
promise to grant the contracting scien- 
tists a maximum of freedom. The Office 
has operated on the sound assumption 
that the laboratory worker in basic sci- 
ence hates administrative detail, wants 
complete freedom of action and publi- 
cation, and generally is utterly uncon- 
cerned about the application of his find- 
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em Umveisity psychologist who was 
conducting expenments m intelligence 
testing, and who in mid-contract was re- 
quested by a Navy repiesentatrve to 
keep track of the time spent on the 
pioject by the giaduate students helping 
him. The psychologist complied, and a 
few weeks later cusplv informed ONR 
headquarters that his assistants, now 
spending exactly the time they weie re- 
quired to, weie working 50 per cent less 
time than they had previously worked at 
the same pay. ONR now requnes only a 
monthly leport, filled out by an adminis- 
trative clerk and signed by the project 
supei visor. 

M OST surprising of all has been 
ONR's ardent and unflagging fidel- 
ity to the pimciple of suppoitmg re- 
search of the most fundamental nature— 


a punciple which was laid down more 
than thiee years ago by Vice Admiral 
Haiold G. Bowen, who fatheied ONR 
and became its first chief. ONR is financ- 
ing at least half a dozen studies in low- 
tempeiature physics, an mqunv which 
hefoie the war was a monopoly of Eu- 
lopean scientists It is supporting a 
Princeton Umveisity study of “The 
Mathematical Structure of American- 
Type Economics ” Its projects include 
investigations -of cosmic lays, meteors, 
white dwarf stars, viruses, the sti ucture 
of protein, the biochemistry of muscle 
and nerve. It is paitially financing the 
construction of 15 cvclotions, synchro- 
trons and other accelerators. It has even 
disiegarded service rivalries and assisted 
entomologist Theodore Schneirla’s mtei- 
estmg studies of the aimy ant. 

Many of its piojects, of course, are 


likely to lead to moie immediate naval 
applications. One study with fascinat- 
ing possibilities is a psychological anal- 
ysis of 18 Navy captains who distin- 
guished themselves m combat during the 
war, to the end of determining what 
qualities make an outstanding military 
leader. ONR is assisting m the construc- 
tion of a high-speed electronic calculat- 
ing machine that is expected to multiply 
40,000 10-digit numbers per second. At 
Princeton it is supporting a study m 
statistics designed to yield methods for 
drawing conclusions from intensive ex- 
amination of very small samples, c g., as 
few as five or ten observations. A typical 
application of such a technique would 
be m the investigation of methods for 
diagnosing cancel, where the numbei of 
patients available for study of a particu- 
lar chemical clue may be very small. 
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Of principal interest, however, is ONR’s policy of sup- 
port of basic research, which has done much to bridge 


the period between tbe war’s end and the antici- 
pated establishment of a National Science Foundation. 







Such work is under way at Memorial 
Hospital in New York City. In a similar 
project, at the University of Pennsylva- 
nia, the role of economic and occupation- 
al factors in the speed of the disease 
piocess m tubeiculosis is being studied. 

What does the Navy hope to get out 
of all this? Admiral Solberg, ONR’s chief, 
insists that the advancement of naval 
warfare rests ultimately upon the find- 
ings of up to the minute basic leseaich. 

A piactical man, Solberg was formeily 
head of the Naval Boiler Laboiatory in 
Philadelphia and an engine-ioom officer 
at sea; he also had cliaige of the assess- 
ment of damage to the warships m the 
Bikini atomic bomb tests. The basic sci- 
ence projects supported by ONR, he ex- 
plains, all come under the head of what 
the Navy calls “suppoiting” lesearch, 
which means that they are chosen to fill 
needs for knowledge consideied essen- 
tial to national security m general and 
to naval interests m particular. They are 
selected as far as possible on the basis 
of their bearing on problems of specific 
concern to the Chief of Naval Operations 
and the various bureaus of the Navy. 
When a report is rendeied to ONR on 
the results of a project, significant find- 
ings aie passed along to naval laboiato- 
ries and othei interested service agen- 
cies, where they may be put to use in 
practical design problems Findings m 
physical science are repented to naval 
engineers, biological data to naval physi- 
cians and suigeons The results of psy- 
chological and sociological studies aie 
applied to problems of human engineer- 
ing, training, personnel selection and 
leadership. 

To achieve a more accurate selection 
of pertinent projects, ONR is now devel- 
oping a section devoted to “program re- 
search.” This section is analyzing Navy 
objectives with a view to uncovering 
gaps, weak spots or critical areas where 
research is needed. For example, naval 
tacticians may pose such a problem as 
this A large task force of many carriers 
and aircraft is attacking a small, well- 
defended military zone under conditions 
of zero-zero visibility. What new weap- 
ons and devices, and hence what basic 
research, would be needed to increase 
significantly the chances of destroying 
the targetr* ONR has already draft- 
ed several research programs which 
are based on such practical problems as 
these. 

For obvious reasons, ONR, while will- 
ing to disclose many of the individual 
projects for which it has contracted, will 
not permit publication of the entire pro- 
gram. 

S far as the scientists are concerned, i 
ONR’s system impost^ no hamper- 
ing directives. The research program is 
"directed” only in the sense that ONE 
selects projects which it considers to be 
pertinent to its own plans. For the most 


pttit the projects are pxoposed by the 
scientists themselves. Their work follows 
the lines of then own interests and in- 
clinations; if then basic studies are 
deemed of value to the Navy they obtain 
suppoit which often would be unavail- 
able from any other source. Few of the 
scientists who work under ONR con- 
tacts expiess any particular concern 
about the tact that then woik may ad- 
vance military technology. They con- 
sider that the source of funds is relatively 
incidental. They are doing exactly what 
they want to do under conditions of 
complete scientific freedom, and the 
basic contributions they are making to 
scientific knowledge have their own 
value, not lestncted to possible uses by 
the Navy. 

Obviously the scope of ONR’s suppoit 
ol fundamental woik depends on the 
breadth of its interpretation of what may 
be useful to the Navy. So far this mtci- 
pretation has been liberal, as is indicated 
by the sample projects alieady men- 
tioned. Yet theie are limitations— limita- 
tions that not only underline the need for 
the speedy establishment of a National 
Science Foundation but suggest some 
lessons that such an agency might be 
able to learn from GNR’s pioneering 
experience. 

One lesson is that the achievement of 
a balanced program of research cannot 
safely be lelt to the umegulatecl proc- 
esses of supply and demand. Of ONR’s 
basic-science budget, more than 75 per 
cent has been spent in the physical sci- 
ences and only 15 per cent in the biologi- 
cal and medical sciences. (The remain- 
ing 10 per cent or so has been allotted 
to naval sciences.) The value of research 
m nuclear physics is more obvious to the 
Navy (and to civilian agencies, one may 
note) than is the value of research in the 
life sciences. The Navy also argues that 
medical lesearch is being supported by 
many other agencies. In any case the 
one to five ratio of biological to physical 
science that has developed m the ONR 
piogram is far below the one to two ra- 
tio suggested by Vannevar Bush of 
OSRD in his proposal for a science 
foundation to President Truman, Biolo- 
gists also point out that the U.S.S.R., 
which cannot be accused of diveitmg 
funds to impractical reseaich, has un- 
dei taken to expand its biological le- 
search program rapidly since the end of 
the war. 

Another reason for ONR’s relatively 
small support of biology may be the fail- 
ure of the biologists to press their case in 
an organized way. Engineers, chemists 
and physicists have promoted then pro- 
fessional mterests through active, long- 
established national organizations. The 
biologists, realizing , theit handicap, a 
. year ago formed the American Institute 
of Biological Sciences, but the organiza- 
k tion has shown , little sign of life. Its 
inactiyity may account, for the fact that 






ONR’s 13-man advisoiy committee has 
only two biologists. 

Perhaps the most serious weakness in 
the ONR system of suppoit has been the 
short duiation of its conti acts. They 
avciagc just under a year and a half— far 
too short a peuod to give scientists the 
degree of security they need m basic i e- 
seaich, wlieie lesults do not come ovei- 
night. Moieovei, under the ONR plan a 
scientist mav mn out of funds just when 
the work is becoming most interesting to 
him. His mission ioi the Navy presuma- 
bly is accomplished when he has deliv- 
ered certain desued information. But the 
research may have opened an unex- 
pected new line of inquiry which in- 
trigues him even more than the original 
pi eject Because the Navy cannot be ex- 
pected to continue to support the pm suit 
of puie knowledge beyond its own lim- 
ited aims, the scientist must cither give 
up the mquny or start a new hunt l'oi 
funds from another source. 

All of these problems are now being 
intensified by a shrinkage in ONR funds. 
Its allowance depends not only on the 
size ol the nation’s military budget but 
also on the competitive demands ol other 
military agencies upon that budget 
President Truman’s budget for the com- 
ing year allows $530 million for military 
leseaich and development. This is di- 
vided up among the Army, Navy and 
Aii Force; and of the Navy’s allotment, 
the lion’s share then goes for “develop- 
ment,” meaning engineering and test 
pioduction of devices. What is left goes 
mto basic research. Because of other de- 
mands on ONR, some of next year’s con- 
ti acts may be cut by 15 to 20 per cent 
Most of the current contracts range from 
$12,000 to $40,000. In an aveiage con- 
tract of $25,000, some $14,300 goes foi 
the salaries of research workeis, $5,000 
for equipment, travel, and so on, and 
the remaining $5,700 to the university 
foi overhead expenses. 

Theie aie other indications that ONR 
is preparing to cut back the scope of its 
support of basic science It is planning 
to expand its naval sciences division, 
which finances studies connected with 
the development of rockets, jet propul- 
sion and other military piojects. Within 
two years this division will take a larger 
percentage of ONR’s budget, thereby le- 
ducing the share for basic reseaich. 

For these reasons among others, sci- 
entists arc now pressing conceitedly for 
immediate enactment of the National 
Science Foundation Bill. ONR has tided 
them over what would otherwise have 
been a lean postwar period. Without an 
ONR, scientific work in the universities 
at this moment would be very seriously 
curtailed. 

Many scientists regret that the scien- 
tific community at the end of the war did 
not achieve the realism and purpose ex- 
hibited by the naval officers who founded 
ONR. The organizers of ONR under- 



stood political realities and got what 
they wanted While scientists debated 
whether the Government should support 
basic research, ONR’s founders, sensing 
that events had already settled that ques- 
tion, addressed themselves to the ques- 
tion of how. If scientists had adopted 
the same approach, the National Science 
Foundation might well be m existence. 
In any case, scientists are grateful to 
ONR foi demonstrating the inevitability 
of such an organization. 

The National Science Foundation is 
now regarded as "imminent Its chances 
aie enhanced by the proposed establish- 
ment of a Cabinet post and executive 
depaitment for social welfare, under 
which a science foundation would logi- 
cally find its place. Scientists who are in- 
terested m the foundation, considering 
the major issue settled, are already woi Ic- 
ing on the problem of getting an ade- 
quate appropriation. The President’s 
budget proposes $15 million for the 
foundation’s first year Many scientists 
have written letters to the presidents of 
then univeisities urging an appeal to the 
President to raise the initial appropria- 
tion to $50 million as recommended m 
the famous Steelman Report. A memo- 
randum accompanying these letters 
points out that advisory panels of ONR 
have approved basic-research projects 
totaling some $25 million which can- 
not be undertaken because of lack of 
funds. 

M eanwhile onr, whether 01 not 

a science foundation comes into 
being, has no intention of going out of 
business. Contrary to the impiession of 
many scientists, it does not consider its 
suppoit of basic science a stopgap enter- 
prise. To be sure, the Navy officially sup- 
poits the pioposal for a science founda- 
tion, and it might perhaps willingly 
ti ansfer up to 25 per cent of its projects 
to such a foundation. But Admiral Sol- 
berg and others made it clear that, foun- 
dation or no foundation, ONR intends 
to continue to sign contracts with scien- 
tists for many fundamental studies— a 
policy which it considers absolutely es- 
sential to the continued technological 
improvement of the Fleet. 

ONR takes a justifiable pride m its 
pioneering accomplishment. It likes to 
quote a remark made two years ago by 
Admiral Bowen, which contains more 
than a gram of truth: "You could move 
the Office to another building, put a new 
sign over the door reading ‘National 
Science Foundation/ and you would 
have considerably more than the nucleus 
of such an agency/ 4 


John E . Pfeiffer was the author of 
Enzymes, which appeared in the 
December issue of this magazine. 



REAR ADMIRAL THORVALD A. SOLBERG is the present Chief of Naval 
Research. He was head of the Naval Boiler Laboratory at Philadelphia. 



ALAN T. WATERMAN is Chief Scientist of the ONR. Formerly a Yale 
University physicist, he was an official in the OSRD during the war. 
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Trial By 


Newspaper 


Being an account of the ordeal of Edward U. Condon, 
or a case study of the press. The treatment of the 
affair in nine New York dailies is here dissected 


by Joseph T. Klapper and Charles Y. dock 


O N March 2, 1948, a subcommittee 
of the House Committee oil Un- 
American Activities denounced Ed- 
ward U. Condon, Director of the Nation- 
al Bureau of Standards, through the 
medium of the U. S. press. The sub- 
committee asserted that Di. Condon 
“appears” to be “one of the weakest 
links in oui atomic security.” Its report, 
quoted in part by various newspapers, 
presented 27 paragraphs of “informa- 
tion . . . m substantiation of this state- 
ment.” Fait of this information consisted 
of excel pts fiom a letter written by FBI 
chief J. Edgar Hoover to Secretary of 
Commerce W. Averell Hamm an. 

Simultaneously the Depaitment of 
Commerce, under which the Buieau of 
Standards operates, announced that Dr. 
Condon had been unanimously cleaied 
by the Department Loyalty Boaid five 
days previously. Dr. Condon himself 
at once denied the subcommittee's alle- 
gations, asserted his loyalty and reliabil- 
ity, and shortly thereafter expressed his 
eagerness for a public hearing bv the 
Committee— an eagerness which he had 


expiessed several times previously in re- 
sponse to similai accusations made by its 
chairman, Representative J. Parnell 
Thomas, in magazine articles published 
a year before. 

Duiing the succeeding foui and one- 
half months the “Condon case” became 
a cause celebre. At least thiee Congies- 
sional committees, the Federal Bureau 
of Investigation, the Atomic Energy 
Commission, two executive departments 
and President Truman himself played 
speaking roles m the drama. Numeious 
learned, scientific and juristic societies, 
as well as vaiious individuals, eminent 
and otherwise, issued statements. In the 
course of the controversy, the Adminis- 
tration's refusal to sm render the FBI let- 
ter to Congiess led to extraoi dinary Con- 
giessional repercussions, including an 
attempt to write into law certain provi- 
sions regarding the retention and lelease 
of data to Congressional bodies. The 
Condon case itself for a time became 
only an incident m this argument. It was 
levived on various occasions, however, 
by additional attacks on Dr. Condon and 


by statements m his support. Fiom time 
to time the Committee promised to grant 
Di. Condon a public hearing, but the 
hearing nevei took place. The case con- 
tinued to be argued m the press, albeit 
less frequently, even alter the Atomic 
Energy Commission announced on July 
15 that “on the basis of the voluminous 
record before it, the membeis of the 
Commission” were fully satisfied as to 
“Dr. Condon's loyalty to the United 
States” and considered his clearance lor 
access to restiicled data to lie “in the best 
interests of tlie atomic energy progiam.” 

The Committee on Un-Ameiican Ac- 
tivities itself has made no formal delei- 
mination of its charges against Condon. 
The case has been conducted largely m 
the press. Many citizens have become 
concerned about the aflan as a sinking 
example of what has sometimes been 
called trial by newspaper. They believe 
that the Condon case poses the question 
of the responsibilities of modem organs 
of mass communication toward the liber- 
ties and reputations of individuals 

As a result of this mteiest, the Bureau 
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Condon, Iff rector of the National Bureau of Standards) 
4, one of the weakest links in our atomic security]) a Qiouso 
Un-American Activities subcommittee today demanded jheHxs 
fffed or ike Administration explain why he k retained 'it 
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STATEMENTS 

1 Naming Dr. Edward U. 
Condon, a» 

"one of the weakest links m our atomic security/ 

2 T)r, Edward U. * 

Condon, director oi the National Bureau of Standards 

3 Housa 

Un-American Activities subcommittee today demanded he bo 
fired or 

4 House 

Un-American Activities subcommittee today demanded 
the Administration explain why he in retained 

5 it 

charged that Condon "knowingly or unknowingly" associated 
with alleged Soviet espionage agents. 
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CONTENT ANALYSIS in this case begins with identi- 
fication of statements, each of which expresses a single 
assertion. Here five statements’ in the' first paragraph 


of a news article in the Daily Neivs are isolated and 
rharked and then listed in table at right. Each statement 
is now ready for objective classification and analysis. 



of Applied Social Research of Columbia 
Umveisity was asked by Scientific 
American and six eminent scientists to 
conduct a study of the pi ess treatment 
of the Condon case The scientists vveie’ 
Hainson Biown and Haiold C Uiey of 
the University of Chicago, Philip M 
Morse of the Massachusetts Institute of 
Technology, George B Pegram, Dean of 
the Columbia Umveisity Graduate Fac- 
ulties; Charles Launtsen of the Califor- 
nia Institute of Technology, and John C 
Warner of the Carnegie Institute of 
Technolog) 7 

The study that was undertaken is 
known in communications research as a 
“content analysis.” In general terms tins 
means a detailed examination of verbal 
or pictonal material for the purpose of 
providing an objective description of 
the material For example, a literary 
critic who analyzes the novels of a given 
centuiv to deteimme their political tenor 
is, m a sense, pei forming a content an- 
alysis. Students of mass communications, 
howevei, use the term m a narrower 
sense. They mean by it a study in which 
the material is classified according to ob- 
jective critena and thus rendered sus- 
ceptible of statistical description. 

The term itself, and the conscious 
practice of this discipline, aie relatively 
new m social science, as is the whole 
field of communications research It is 
only dui mg the last 30 years that such 
giants of communication as the modern 
press, the ladio and the screen have 
come to address and to influence whole 
populations at once. And it is only m the 
last decade or two that social psycholo- 
gists have taken systematic note of these 
foices of opinion. Content analysis is one 
of several techniques they have devel- 


oped for the obiective study of the media 
of communication. 

Content analysis has alieady been suc- 


EDITOR’S NOTE 

This study of the press treatment 
of the Condon case was conducted 
by the staff of the Columbia Univer- 
sity Bureau of Applied Social Re- 
seal ch, of which Robeit K. Merton 
is acting director. It is one m a series 
of leseaiches by the Bureau on the 
role of mass media of communica- 
tion m U. S society 


cessfullv employed m a number of com- 
plex inquiries. The treatment of minority 
gioups m popular fiction, for example, 
has been examined through a content 
analysis of magazine stones Dunng the 
war content anal) sis was used with some 
success by Government agencies to pie- 
dict enemy actions Certain characteris- 
tic modes of speech were obseived to 
have increased m frequency during ene- 
mv piopaganda campaigns preceding 
surprise invasions. By observing the fre- 
quency of such modes of speech m cur- 
rent propaganda, U S analysts were 
able to note when a new invasion move 
appeared to be imminent 

Tlie Method 

The Bureau of Applied Social Re- 
seal ch and the sponsors of the analysis 
agreed at the outset that the study would 
be directed entirely to the press treat- 
ment of the Condon case, as distin- 
guished from the case itself. Neither the 
Bureau nor the sponsors considered 


themselves qualified to evaluate 01 ana- 
lyze the activities and statements of the 
various agencies and individuals in- 
volved. No attempt has been made, for 
example, to assess the truth or falsity of 
the charges brought against Dr. Condon 
We have been content with noting in 
detail what charges against Dr Condon 
were repoited m the pi ess, what support 
for these charges was theie offered, and 
the like. 

It was soon found that to analyze the 
material on the Condon case in a lepie- 
sentative cross section of the whole U S. 
press would be a huge task; even to de- 
termine what papers would constitute 
such a cioss section would involve a le- 
search project of no mean dimensions. It 
was theiefoie decided to focus the study 
on the press of a single large city. Be- 
cause of the number and variety of its 
dailies, the New York City press was se- 
lected Material was diawn from all of 
tlie nine general daily papers of that city, 
viz , the Times , the Herald Tribune, the 
Daily News , the Daily Mirren, PM and 
its successor the Star, all morning papers; 
and the Sun y the World-Telegram, the 
Post Home News and the Jo w nal-Amei i - 
can , all evening papers, some of them 
with week-end editions. The period stud- 
ied was from March 1, 1948, to October 
31, 1948, inclusive, i e., from the issu- 
ance of the subcommittee report to a 
date thiee and a half months after the 
Atomic Energy Commission had cleared 
Dr. Condon. 

The Bureau set out to approximate as 
closely as possible a complete coverage 
of all news articles on the Condon case 
in all issues of the nine New York news- 
papers during the given period. This 
coverage was sought by two independent 
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STATEMENT is classified in descriptive '"dimensions/" 
These include name of person or group to whom the 
statement refers ( the "referent'*) , its theme, source. 


date. etc. Punched holes in coded card give a complete 
description of the statement, A statistical analysis is 
then made hr running all cards through sorting machine. 


17 




means. All the papers were asked loi a 
list of the dates on which articles men- 
tioning Dr. Condon weie published (re- 
plies were leceived from eveiy paper 
except the Mirroi). Libiary editions of 
all papers were then searched for the 
articles published on those dates In ad- 
dition, a pi ess clipping service was re- 
tained to make an independent search of 
all available editions of the lime papeis 
for the entiie period covered Despite 
the pie cautions taken, it is quite possible 
that some articles or references to the 
case may have been missed. Theie may 
be vacations in completeness of cover- 
age from paper to paper. Any misses 
that occurred may he consideied ran- 
dom, however; the missing matenal, if 
any, would not significantly affect the 
findings, which are almost always stated 
in terms of ratios or peicentages. 

All the relevant material in each news 
article was divided into “statements,” 
each statement consisting of a single 
complete idea, e.g., “Dr. Condon was 
denounced by the Thomas Committee.” 
A statement might be a sentence or a 
single word; for example, “The mar- 
tyred Dr. Condon will be called to testi- 
fy” contains two statements; one that 
Dr. Condon will he called to testify, the 
other that he is martyred. The total num- 
ber of statements m the 306 news arti- 
cles examined was 4,589. Of these, 680 
neutral statements of identification (c.g., 
“Dr, Condon is director of the National 
Bureau oi Standards”) were eliminated, 
since analysis of them seemed purpose- 
less . This left 3,909 for analysis. 

The statements were then classified m 
various categories known as “dimen- 
sions,” such as the identity of the person 
or group to whom the statement referred 
(called the “referent dimension”), the 
paper in which it appeared, the theme 
of the statement, die person or group 
who made it, the basis offered for the 
statement, and so on. There were 23 
such dimensions. The crucial part of this 
process was the classification of the 
theme of the statement. To make this as 
objective as possible, the themes were 
subdivided at the outset into numerous 
specific categories, so that the classifiers 
or coders were not asked to decide 
whether a given statement was “favor- 
able” or “unfavorable” to the referent 
(e g.. Dr. Condon) , but to describe it in 
terms of what it actually said. For exam- 
ple, a statement such as, “Dr. Condon is 
alleged to have associated with a Soviet 
spy” was classified under the theme: 
“Association with, person in Soviet or 
Soviet-satellite circles who is allegedly 
subversive or an espionage agent” These 
various specific categories were later 
grouped under more general classifica- 
tions to furnish the basis for analysis. 
Thus the statement quoted above be- 
came part of a group headed: “Associa- 
tion with allegedly questionable per- 

r' This group of statements in turn 
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eventually was placed m the geneuil 
categoiy of statements unfavorable to 
Dr Condon 

The statements were all coded on the 
basis of the original specific cuteria. As 
a check on objectivity, each statement 
was coded by at least two different indi- 
viduals, and discrepancies were submit- 
ted to several independent checks by su- 
peivisois. Thus every coded statement 
was the end pioduct of a process involv- 
ing the detailed breakdown of an article, 
the isolation of the statement, its classifi- 
cation by two different coders m 23 
dimensions, comparison of the two cod- 
ings, and final appioval lor the next 
opei ation 

After they were coded, the statements 
were recorded on International Business 
Machine (Hollerith) caids. It thus be- 
came possible to determine quickly, by 
means of IBM sorters, precisely what 
“dimension combinations” existed, and 
in what degree. It it seemed desirable to 
know, for example, how many times the 
Sun reported a demand upon President 
Truman for release of the FBI lettci, the 
machine was merely set to pick out the 
cards punched 1/8 (column 1— hole 8: 
Sun), 18/5 (referent: Truman), 33/7 
(demand for release of FBI letter) . The 
results of the various machine “runs,” 
taken individually or compai cd with one 
another, compnse the findings. 

Despite the pains taken to ensure the 
highest possible degree of consistency, 
accuracy and objectivity, it must be re- 
membered that we aie here dealing not 
with the relatively stable phenomena of 
the physics laboratory but with the sub- 
jective phenomenon of language, which 
is as variable as human thought. Some 
degiee of flexibility and interpretive in- 
consistency is therei oi e inevitable. While 
this margin of error is believed by the 
Bureau to be at the very minimum con- 
sistent with the nature of the task, one 
must lean backward in the interpretation 
of the findings. A very small percentage 
difference in two contrasted types of 
press treatment may not be significant in 
some cases; a notable percentage differ- 
ence, however, can safely be regarded 
as significant. 

The problem of the present study was 
to deteimme the nature of the “trial by 
newspaper” that Dr. Condon had re- 
ceived in the New York press. This in- 
volved a statistical measurement of the 
extent to which the newspapers treated 
him favorably or unfavoiably. To that 
encl the objective description of the press 
content on the case was analyzed as to 
the number of statements critical of Dr. 
Condon and those sympathetic to him; 
the number reporting demands for the 
FBI letter and those reporting refusals, 
and a miscellaneous category of state- 
ments that may be classified as neutral to 
Dr. Condon. 

A statement was classed as unfavor- 
■r/abfe to Dr. Condon if it criticized him 
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dneclly oi i effected on him mducclly by 
suppoitmg the Un-American Activities 
Committee’s ticatment of the ease. An 
example of the fiist type ol statement is* 
“Dr, Edward U. Condon . . . accused by 
a Thomas subcommittee ... of associa- 
tions with Soviet spies.” An example of 
the second type. “McDowell insisted 
that the Committee’s pievious labeling 
ol Condon stands as an 'almost peilect 
description/ ” Similaily, a statement was 
classed as lavoiablc to Dr. Condon if it 
suppoited him directly (eg, “Dr. Con- 
don . . . whose mtegnty and patriotism 
have been fully recognized by his scien- 
tific peers”), or criticized the Committee 
(eg., “The . . . Committee’s attack on 
Di. Edwaid U. Condon was condemned 
today as ‘mcspoiisible’ by 200 leading 
scientists”). 

Thus the statements on each side 
could be broken down into two catego- 
ries: 1) anti-Condon and pro-Commit- 
tee, 2) pio-Condon and anti- Committee. 
As will be seen, such a breakdown pio- 
duced some interesting findings. 

Analyses weie made of the emphasis 
given to the respective statements and of 
the way m which they were picsented. 
It must be kept in mind that this is not a 
study of the editorial statements made 
by the papers themselves but of Iheii 
news coverage of (he story; that is, ol 
the statements made in the news col- 
umns by lepoiters and their sources. Ob- 
viously what a newspaper reports about 
an event is shaped to a large extent by 
the event itself. When a paper reported 
an event unfavorable to Dr. Condon it 
was under no obligation to create an 
event sympathetic to him to furnish a 
balance. Thus the fact that a paper may 
have reported more unfavorable than 
favorable events is not m itself neces- 
sarily a sign of bias. Bias may be shown, 
however, in the manner in which a 
paper reports an event and m its selec- 
tion of which events to report and which 
to omit. An outside observer, lacking the 
newspapers’ access to the events on 
which they based then reporting, can 
only judge their treatment of the Con- 
don case by comparing the way m which 
the various newspapers dealt with the 
same events. 

What Was Said 

The first general finding is that in the 
New York press taken as a whole there 
was a preponderance of statements fa- 
vorable to Dr. Condon. Of the 3,909 
analyzed statements, 745 or 19 per cent 
were unsympathetic to Condon, and 971 
or 25 per cent were sympathetic. These 
proportions, applying as they do to the 
total coverage by the entire New York 
press, are not particularly meaningful: 
few persons would consistently have 
read all nine papers and been exposed 
to this comprehensive coverage. More 
significant are the differences among the 



CALENDAR OF EVENTS 


reaction 
of press. 


papeis. The lange of these cliff eiences is 
indicated m the percentages of pio- 
Condon and anti-Condon statements m 
the individual newspapers. 


Times 

Pro 

65 

Con 

35 

Herald Tribune 

64 

36 

Star 

63 

37 

Post 

57 

43 

World-Telegram 

50 

50 

News 

49 

51 

Mirroi 

47 

53 

Sun 

43 

57 

J ournal- Amei ican 

18 

82 


(Because the Journal- Am cue an pub- 
lished relatively litde on the Condon 
case, the findings for this paper may be 
less meaningful than for the others. ) 

Most of the pio-Condon statements 
were contributed by the first foui papers 
—Times, Tribune, Stai and Post — which 
accounted for nearly two thirds of the 
total New York coverage of the story m 
teims of number of statements. In the 
four papeis taken as a group, statements 
sympathetic to Dr Condon outnum- 
bered unsympathetic ones m a latio of 
17 to 10. In the other five papeis, which 
have a much largei total cu dilation than 
the first group, statements unsympa- 
thetic to Di . Condon predominated in a 
ratio of 13 to 10 for the group as a whole. 

Analysis of the two categories of state- 
ments on each side of the case — i c. } those 
relating directly to Dr. Condon ancl 
those i elating to the Committee— re- 
vealed anothei interesting difference m 
the handling of the case by the two 
groups of papers. There were few state- 
ments m praise of the Committee's treat- 
ment of the case of the total of the 
anti-Condon statements in all the papers 
fewer than one in 13 supported the Com- 
mittee itself. When it came to the pro- 
Condon statements, however, there wei e 
conti asting results in the amount of 
ciiticism of the Committee in the two 
newspaper gioups. In the Times , Trib- 
une , Star and Post , more than one third 
of the statements on Dr. CondoiYs side 
consisted of criticisms of the Committee’s 
piocedure. In the other five papers, this 
pioportion was nearer one fourth. In 
other words, the second group published 
a substantially smaller proportion of 
statements criticizing the Committee 
than did the first group. 

The statements favorable and unfa- 
vorable to Dr. Condon taken together 
accounted for 44 per cent of the 3,909 
on the case. Of the rest, a smprismgly 
large group— some 15 per cent of all 
statements— concerned the struggle be- 
tween Republican Congressmen and the 
Administration over the release of the 
FBI letter The remaining 41 per cent 
of the statements in the case were classi- 
fied as descriptive background of a neu- 
tral character. 

A further breakdown showing how the 


MARCH 1 Condon called "weakest link" by Un-American Activities 
Committee. 

Assistant Secretary of Commerce Foster announces Condon 
cleared by Commerce Department Loyalty Board. 

Condon issues statement. 


mo 


mm coh 


2 Congressman Thomas directs Committee counsel to issue 
subpoena for FBI material allegedly in possession of Secre- 
taiy of Commerce Harriman. 

3 FBI files are subpoenaed 

4 Condon asks Senate-House Committee on Atomic Energy 
(Hickenlooper Committee) to investigate attacks on scien- 
tists m Government employ. 

Harriman refuses to honor subpoena 

Washington Post discloses Un-American Activities Com- 
mittee report omitted important paragraph of FBI letter 

6 Hickenlooper Committee considers conducting investigation 
suggested by Condon. 

7 Condon interviewed on radio. 

8 Hickenlooper Committee agrees to conduct investigation 
suggested by Condon. 

Commerce Department aides are subpoenaed for appear- 
ance before the Un-American Activities Committee, 
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10 Committee charges Commerce Department juggled dates 

of Condon clearance . f 

1 j' ,4 

24 Committee announces public hearing for Condon will be ' * 

held April 21 * ' l ' 


28 Plans for dinner in honor of Condon are announced by 
Einstein and Urey. 

29 Condon's counsel demands certain judicial rights in hearing 

APRIL 7 Committee approves a resolution by which the House is to 
demand FBI fife on Condon, 

12 Condon speaks at dinner In his honor. 

22 House passes resolution to demand FBI file 
24 Commerce Dept, formally declines to honor resolution. 



TTSP 


OTHERS 


MAY 1 Republican National Committee chairman Reece demands 
showdown regarding Administration retention of loyalty data. 

5 Commerce Department announces that material bearing 
on Condon is now in President's possession 



8 Commerce Department reveals Condon, in letter to Foster, 
agreed to public release of FBI data. 

Department of Commerce refuses to release data. 

9 President's "own" Loyalty Board announces that it will 
await final action by Committee before taking action. 
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10 Condon is revealed by Sawyer to have voluntarily curtailed 
his activities pending final clearance. 

13 HoiTman Bill, growing out of resolution of April 7, passes 
House 

Attorney General Clark accuses Committee of "stealing" 
Condon data. 

Committee replies to Clark charges. 
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JUNE Activity slight. £ 

JULY 15 Atomic Energy Commission announces that Condon has — H®' 1 ^ 


been cleared. 

16 Committee attacks AEC clearance. 
AUGUST Activity slight. 

SEPTEMBER 17 Committee again denounces Condon. 




IB Civil Liberties Union urges Committee grant Condon public 
hearing. yjr 


m 


OCTOBER Actmfy slight. 


CALENDAR of developments in Condon case shows how events shaped 
coverage of the story by newspapers. Bars at right indicate month by 
month percentages of statements favorable and unfavorable to Condon 
in two groups of papers. TTSP denotes T imes, Tribune , Star and Post . 
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treatment of Di\ Condon fluctuated dur- 
ing the progress of the case also yields 
significant information. In April, when 
the battle over the FBI letter reached its 
peak, the reflections of this event were 
markedly different m the two gioups of 
newspapeis. The Times , Tribune , Star 
and Post continued to give greatei atten- 
tion to the Condon case itself and to 
publish more pro- Condon than anti- 
Condon statements, although the ratio 
for the group fell to 12 to 10. In the 
other five papers, however, statements 
about the letter actually outnumbered 
statements about the Condon case piop- 
er, and the latio of statements unsym- 
pathetic to Condon lose to 23 to 10. 
When the Atomic Energy Commission 
cleared him in July, the Times , Tribune , 
Star and Post piesented a 14-to-10 ratio 
of statements favorable to him, but the 
other five papers, in spite of his clear- 
ance, remained on the other side of the 
fence; m that month they printed an 
average of 11 anti-Condon statements 
for every 10 pro-Condon. Thereafter 
there was relatively little press activity 
on the Condon case, but in September, 
when the Un-American Activities Com- 
mittee piomised new "shocking revela- 
tions,” the statements published in the 
group of five papers were 26 to 10 anti- 
Condon. In other wouls, two months 
after his AEC exoneration, the five pa- 
pers were still presenting a predomi- 
nantly unsympathetic picture. 

These are simply objective data re- 
vealed by the analysis. Whether they 
show that the New York press was fair 
or unfair in its coverage of the case is a 
matter of interpietation, which is beyond 
the scope of this analysis. The interpreta- 
tion will depend on the standards ap- 
plied by the observer. Some may con- 
sider that justice would have been served 
by a perfect balance of pio- and anti- 
Condon statements in a paper’s report- 
ing. On this point, however, the analysis 
developed certain other pertinent data. 

The data had to do with the sources, 
character and repetition of statements on 
the case. Because this analysis dealt with 
statements concermng Dr. Condon him- 
self, the findings from this point will in- 
clude only statements directly pro- and 
anti-Condon; i.e ., they exclude the state- 
ments for and against the Committee. Of 
the statements against Dr. Condon, 88 
per cent were made by members of the 
Un-American Activities Committee di- 
rectly or in excerpts that they quoted 
from the FBI letter. The accusations 
against Dr. Condon were virtually a 
monopoly product of the Committee, for 
some of the remaining 12 per cent of 
anti-Condon statements were made by 
Dr. Condon himself or by his -defenders 
in reviewing what the Committee had 
said about him. 

On the other hand, the sources of the 

K Condon statements were legion, 
y included two departments of the 


executive branch ol the government, the 
Comnieice Depaitment Loyalty Board, 
the Atomic Energy Commission, entire 
depaitments ol leading univeisities, and 
dozens of scientists and scientific soci- 
eties Analysis of the weight given by the 
vanous papeis to the sources of these 
statements yielded significant diffei- 
ences. The Times , Tribune , Star and 
Post gave considerably more attention 
to the width of Dr. Condon’s support 
than did the other papers; 21 per cent 
of their pro-Condon statements were at- 
tributed to scientists and scientific so- 
cieties, while m the other five papeis 
only 4 per cent of the statements favor- 
ing Condon came liom these sources. In- 
deed, it appeals that those five dailies all 
but ignored the multitude of meetings, 
letters and statements m defense of Con- 
don by leputable scientists and institu- 
tions. As a lesult, 77 pei cent of the case 
for Dr. Condon as presented to the 
leaders of those papers came from Dr 
Condon himself, from representatives of 
the Administration, or from unnamed 
sources. 

A similar analysis was made of the 
bases ol the anti-Condon and pio-Con- 
don statements and the relative weight 
given to them. The case against Dr Con- 
don was made up almost entirely of 
lluee charges: 1) that he associated with 
suspected persons, 2) that he was lax in 
regard to U. S. security, 3) that he was 
unfit in some other unspecified way. 

Of the statements making the first 
charge, 89 per cent identified Dr. Con- 
don’s associates only in vague terms or 
did not identify them at all. His asso- 
ciates were generally described as per- 
sons “alleged” or “known” to be espio- 
nage agents, or as Soviet or Soviet-satel- 
lite diplomats, or as persons suspected of 
being subversive, without any specifica- 
tion as to why they were under suspicion 
or any evidence that Condon knew that 
his associates were under this vague 
cloud. Only eight per cent of the state- 
ments regarding association actuallv 
named his associates, and in most of 
these eases the charges were equally 
vague. With regard to Dr. Condon’s 
“laxity,” nearly all of the statements were 
simply assertions, most of them being 
repetitions of the phrase “the weakest 
link”; there was little or no specific indi- 
cation as to how he may actually have 
endangered national security. In the 
third category, the allegations were even 
more vague. Indeed, whatever impres- 
sion may have been produced on casual 
readers, the content analysis indicates 
that the case against Dr. Condon as 
presented in the newspapers may well 
have raised a question in careful readers’ 
minds as \o whether there was any case 
at all. 

The case for Dr. Condon contains a 
substantial amount of specific material. 
About a quarter of the pro-Condon state- 
ments rest on the £&ct that he was cleared 


by official investigations. Other hivoi- 
able statements are based on “two ex- 
haustive FBI investigations” and seveial 
documents, still others on testimonials 
to Dr. Condon’s loyalty and competence 
from a variety of sources. Yet m com- 
parison with the case against Condon 
these facts were lightly tieated by a ma- 
jority of the New Yoik papers, which 
throughout the case gave tar heavier 
emphasis to lire allegations by the Un- 
Ameiican Activities Committee than to 
the support oi Dr. Condon fiom vanous 
sources. 

How It Was Said 

A description oi what the press said 
and what it omitted can give only a 
relatively superficial picture of its cov- 
erage. Equally important is the nature 
ol the treatment, and the manner in 
which newspaper techniques affected 
the picture presented to the reader. 
These factors are difficult to analyze m 
any objective fashion, but the Bureau 
approached the problem from seveial 
new angles and obtained some fruitful 
results. 

One approach was a lost of the mate- 
rial by the criterion ol the repetition oi 
statements. In any continuing news sto- 
ry, it is to be expected that a newspaper 
will irequcirlly find it necessary to re- 
view past events as background. In mak- 
ing the selection of what background 
information to print, the newspaper ob- 
viously exercises more selective judg- 
ment than it can with respect to the new 
mateiial, for the background provides 
many more items from which to choose. 
If, foi example, the Un-American Activi- 
ties Committee announced that it in- 
tended to hold a hearing on the Condon 
case, the “news” was pietty well le- 
stricted to that fact, but in injecting 
background into the report a paper could 
choose from among a number of state- 
ments, such as that Dr Condon had been 
accused of associating with spies, that he 
had been cleared by the Loyally Board, 
and so on. Thus it is of considerable in- 
terest to see what the papers chose to 
include as background in their reports as 
the news developed. 

In the analysis of this phase of the 
newspapers’ coverage, all statements 
printed within two days after an occur- 
rence were classified as “new” and all 
others as “old.” The general finding that 
resulted from this analysis was that in 
eight of the nine dailies the “old” or 
repeated statements built up the case 
against Dr. Condon more than the 
case for him. About 57 per cent of the 
case against him in the papers consisted 
of revivals of the original charges. On 
the other hand, criticisms of the Un- 
American Activities Committee were 
seldom repeated; only 11 per cent of the 
statements in this category were revivals. 

In every category of statements on the 



case except the one that coveied cnti- 
cisms of Condon, new statements out- 
numbeied the old. The newspapeis le- 
pea ted general denunciations ol him six 
times as often as they repeated geneial 
statements m his support. I£ the\ had 
published no “old” statements at all, the 
scoie for statements directly naming 
Condon would have been 416 pro to 
301 anti, instead of 695 to 631 the other 
way 

There is no leason to believe that this 
lesult was deliberate But the fact re- 
mains that the lepoitmg techniques em- 
ployed by the papers served to inflate 
the case against Condon far beyond its 
native size 

Anothei significant finding concerns 
the newspapeis’ handling of the Com- 
mittee’s promises of a hearing to Di. 
Condon, and of the bleach of that piorn- 
lse. All the papeis reported the promises 
much more often than the breach Heie 
again, howevei, there weie substantial 
differences between the two groups of 
papers. The Times , Tribune , Stai and 
Post published 14 statements on the 
Committee’s pi onuses for every 10 state- 
ments on its i ailure to keep the promise 
In the other five papers as a group the 
iatio was about eight to one. 

Summary 

Thus the content analysis produced 
these principal findings the nine New 
York papers showed wide variations in 
then news treatment of the case, al- 
though all weie reporting the same story. 
Some presented a picture predominantly 
favoiable to Di. Condon, some pre- 
dominantly unfavorable. As reported m 
all the papers, the charges against Dr. 
Condon were vague. The width of the 
support of Dr. Condon received substan- 
tial attention in the Times, Tribune , Stcu 
and Post but very little attention m the 
other five papers. The background mate- 
rial levived for use m the running news 
stones had the effect of building up the 
case against Dr. Condon but did not 
build up his defense to anywhere near 
the same degree. All the papers reported 
the Committee’s promise to give Dr. 
Condon a hearing far more often than 
they reported its failure to do so. 

Such are the objective findings. The 
writeis have attempted to avoid judg- 
ments, or have labeled them cleaily 
when they seemed unavoidable. How or 
why the press treatments here described 
took the form that they did, and whether 
the papers should be commended or con- 
demned are questions to be considered 
by interested students of the press 
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CLEARED BY AEC 
OR COMMERCE DEPARTMENT 


GENERAL PRAISE OR SUPPORT 


DENIALS OF SPECIFIC CHARGES 


DENIALS OF CHARGES IN GENERAL 

iEAlSOLiiMifOM^ 
COOPERATIVE DURING INVESTIGATION 
SPECIFIC INSTANCES Of DISCRETION 

OTHER 



CON 


GUILT 3Y ASSOCIATION 


LAX AS TO SECURITY 


GENERAL CRITICISM 
OR DEMAND FOR DISMISSAL 


GENERAL SUSPICION 


NOT CLEARED BY AEC OR COMMERCE DEPT 
OTHER 


CASE FOR AND AGAINST Condon as presented in the New York press as a 
whole is summed up in this chart showing the percentages of statements in 
various pio and con categories. Charges against him were invariably vague. 




UN-AMERICAN ACTIVITIES COMMITTEE 


FBI REPORT AS QUOTED BY 
UN-AMERICAN ACTIVITIES COMMITTEE 


NO SOURCE SPECIFIED 


OTHER 


ANALYSIS OF SOURCES of statements shows that anti-Condon case 
consisted largely of assertions by Thomas Committee. Scientists* defense of 
Condon got much less attention. “Newspapers" means no source specified. 
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REVIVED STATEMENTS represent repetition of old material in news 
stories. The newspapers repeated charges against Condon much more often 
than they did his exoneration. thu« building up attack more than defense. 
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THE MECHANISM 
OF LIGHTNING 

The dramatic phenomenon of nature is closely 
studied in the laboratory and in the field. It is 
found to be an intricate series of physical events 


by Leonard B. Loeb 


I IKE many othei commonplace natu- 
. ral phenomena, lightning has been 
** uncommonly difficult to explain. 
Although it is two centuries since Ben- 
jamin Franklin made a start by showing 
that lightning was an electrical dis- 
charge, not until the piesent decade have 
we begun to understand the extraordi- 
narily intricate mechanisms involved in 
the origin and development of a light- 
ning flash. Recent researches, however, 
appear to have removed much of the 
mystery from this awesome spectacle. 

Let us begin by considering the atmos- 
pheric situation that leads to a lightning 
storm. Whenever weather conditions 
produce rapid updiafts of warm, mois- 
ture-laden air that rise well above the 
freezing level in the atmospheie, the 
region involved becomes a huge genera- 
tor of static electricity. The water drop- 
lets of this thundercloud, in which the 
updrafts may leach a velocity of 160 
miles an hour or more, become electri- 
fied. Just how the charges are generated 
is still a matter of conjecture. It may be 
that the wind currents tear at the sur- 
face of the droplets, producing a fine, 
negatively-charged spray and leaving 
the larger droplets positively charged. 
Another possibility is that electrical fields 
already existing in the clouds induce 
charges on falling droplets. Still another 
is that ice crystals at the upper levels 
are electrified by friction or by some 
process that accompanies freezing. 

In any case, large masses of charged 
water droplets and ice crystals become 
segregated in positively- and negatively- 
charged groups and collect at different 
localities within the thunder he ad (see 
diagram on opposite page). Between 
these huge groups of opposite charge 
very high potential differences and elec- 
trical fields develop. It is these highly 
charged regions of the cloud that ac- 
count for the split-second electrical dis- 
charges called lightning. 

As the charged, wind-driven thunder- 


head approaches a given ground area, 
electrical fields gradually build up be- 
tween the earth and the cloud. Near the 
earth the fields rarely exceed 2,700 volts 
per centimelei of their length, but even 
at such a field a vertical conducting lod 
from the earth only 10 feet long (about 
805 centimeters) would have a potential 
difference of more than 800,000 volts 
(305 X 2,700) with the uncharged sur- 
rounding atmosphere. Such a field 
would make the hail of a person seated 
on the giound literally stand on end. It 
accounts for the corona discharge, popu- 
larly called St. Elmo’s Fire, which is 
sometimes seen issuing from a church 
steeple or from the wmgtips of an air- 
plane during a storm. 

In a cloud that produces lightning, the 
area of the charged region generally has 
linear dimensions of some 1,000 feet. At 
nearby points the charged region devel- 
ops fields of 30,000 volts per centimeter, 
so the field of the cloud is vastly gi eater 
than the one at the ground. Thus light- 
ning discharges usually originate at the 
cloud and work downward. On the other 
hand, a very tall grounded conductor 
such as the Empire State Building may 
develop a potential high enough to ini- 
tiate a lightning discharge horn the 
earth. Be this as it may, however, the 
distribution of charges in a thunder- 
cloud is such that there are many more 
discharges within the cloud than be- 
tween the cloud and the ground. These 
discharges, largely concealed by the 
cloud, account for the so-called sheet 
lightning sometimes seen in distant thun- 
derclouds on dark nights. 

Lightning strokes vary in length from 
500 feet to two miles or more. Calcula- 
tions based on the length of these paths 
and on the fields at the earth indicate 
that the electrical potential between a 
thundercloud and the earth is of the 
order of hundreds of millions to billions 
of volts. If the space between the cloud 
and the earth were a vacuum, these huge 


potentials would acceleiate electrons 
and ions to a speed sufficient to smash 
the nuclei of atoms. In the air, the ac- 
celerated pai tides cannot attain any 
such energies, for they are slowed by 
countless impacts with the air molecules. 
Nevertheless the power of a lightning 
stroke lemains impressive. The brief 
cun cuts it generates will vaporize No. 
12 copper wuc; the magnetic fields pro- 
duced by a relatively slioit stioke down 
a copper tube one centimeter in diameter 
with walls one and a half millimeters 
thick will collapse the tube. A lightning 
stroke wlncli travels down the moist in- 
terior of a tree in 30 feet liberates enough 
heat and steam literally to blow the 
trunk open. 

T HE visible flash of lightning is pro- 
duced by the heating of air mole- 
cules in the path of the stroke, which 
may leach a temperature of 30,000 de- 
grees Centigrade. Camera studies show 
that the channel of the stroke remains 
luminous for some 100 millionths of a 
second after the stroke itself. Owing to 
the enormous power of the stroke, the 
channel expands explosively, and this 
accounts for thundei, which comes from 
the shock waves produced by the chan- 
nel’s expansion. The explosion of seg- 
ments of the channel near an observer is 
heard as a sharp crack; rumbling thun- 
der comes from more distant segments, 
from repeated strokes and from echoes. 
These rumbles, it may be noted, cannot 
be heard as far as those from major gun- 
fire, which indicates that lightning dis- 
charges, impressive as they are, do not 
yield as much power as ordinary man- 
made explosives, to say nothing of an 
atomic bomb. The noise of big guns can 
be heard for a distance of some 15 miles; 
the audible limit for thunder is only 
about seven miles. 

Analysis of the lightning stroke shows 
that it is very similar to the long sparks 
that jump the gap between two widely 



sepai ated eondenseis of high potential. 
Like these spaiks, a lightning stioke fol- 
lows a crooked path and develops 
branches or forks that advance m the 
direction of the stioke, so one can al- 
ways deduce from its branches the dnec- 
tion in which a stroke is traveling. Unlike 
condensei sparks, lightning does not os- 
cillate back and forth. Damping due to 
the high resistance of the electrical 
feeders from which the stroke originates 
peimits it to discharge m only one duec- 
tion. A lightning stioke may come fiom 
a positive or negative cloud, but most 
strokes, except m mountain stouns, are 
from negative clouds. 

The speed of lightning is no idle meta- 
phor. a lightning stroke travels at a 
velocity of approximately one billion 
centimeters pei second. It lasts no longer 
than five to 500 microseconds (millionths 
of a second) , the median being some 30 
microseconds. The quantities of elec- 


tricity involved, however, are huge, a 
single discharge may transfer 200 cou- 
lombs of electricity (a coulomb being 
the quantity 7 of electricity transferred by 
one ampere of current m one second); 
m terms of current a stroke may carry as 
much as 500,000 amperes. A stroke of 
£00 coulombs and one billion volts which 
lasts 200 microseconds produces a thou- 
sand billion kilowatts of power 

The spark channel down which this 
huge packet of energy travels at fiist is 
tiny— an inch or less m diameter— but the 
powei of the completed stioke expands 
the channel at the explosive rate of 
50,000 inches pei second. Thus it is dif- 
ficult to define the diameter of a light- 
ning stroke, either as it appeals to the 
eye or m a photogiaph. The lightning 
channel loses much of its luminosity 
aftei it expands to a diameter of a foot 
or moie, so that it appeals reasonable 
to estimate that the visible lightning 


stroke ranges from an inch to a foot m 
width. 

T HESE observations serve to describe 
the phenomenon, but they do not ex- 
plain. the mechanics of the lightning 
stroke itself. The basis foi an explanation 
of that fundamental question was laid by 
several independent studies made just 
before the lecent war. One group of stud- 
ies, conducted by the writer and J. M. 
Meek m the U. S. and independently 
by H. Raether m Germany, analyzed 
the mechanism of ordinary electrical 
sparks in air. Other basic information 
was provided by photographic analyses 
of the progress of electrical strokes on a 
microsecond time scale. These were 
made in South Africa by B. J. F. S chon- 
land and Ins associates, who used a 
camera with a rapidly revolving lens to 
photograph actual lightning strokes, and 
m England by T. E. Alhbone and J. M. 



THUNDERCLOUD is a mighty generator of static elec- 
tricity. The lightning flashes in this drawing are massive 
discharges between regions of differing potential. Some 
flashes are within the cloud. Others play between the 
cloud and the ground. The latter is indicated by A. B is 
the base of the cloud. C is the wind that drives the cloud. 


D is the ascending, moisture-laden air current. E is the 
descending air current. F is the roll or scud cloud. G* 
indicates up and down drafts. H is the region where hail 
is generated. I is the highest region of ice formation. J is 
rain falling from the cloud. A scale of height in miles 
and temperature in degrees Centigrade is at the left. 



SEQUENCE OF EVENTS in a flash of lightning is out- 
lined by analyzing a discharge between two parallel 
plates. The upper plate is positively charged; the lower 
plate, negatively. The field between them (A) has a 
strength of 30,000 volts per centimeter. At the lower 
left a random photon knocks a single electron from an 


atom. Moving towards the posilive plate, the electron 
collides with other atoms to liberate an avalanche of 
electrons. Ln the wake of the electrons remain positively- 
charged atoms, or ions (C ami D) . These ions reinforce 
the charge of the positive plate, thus attracting new 
electrons (F) that have been liberated by radiation <E) 


made similar photographs of 
long sparks with a revolving film camera. 

The investigation of ordinary sparks 
showed that the path they follow in the 
air is created by a so-called ''streamer” 
mechanism. This process begins when 
air at atmospheric pressure is placed in a 
field of about 30,000 volts per centi- 
meter, or as little as 10,000 volts if water 
droplets are present. A single electron 
starts the process, and there are always 
stray electrons, liberated by cosmic rays 
or radioactivity in the air, on hand to 
start it. The electron, advancing from the 
negative ‘end of the field towards the 
positive end, gains energy from the field 
despite its billions of collisions per sec- 
ond with gas molecules. When, it gains 
. enough energy , it begins to knock elec- 
put of 1so*ne df the molecules it 



strikes. These m turn lepeat the process, 
so that the liberated electrons soon be- 
come an avalanche. After a run of one 
centimeter m a field of 30,000 volts per 
centimeter, the single initial electron 
produces an avalanche of 10 million free 
electrons. Raether has photographed 
such avalanches in a Wilson cloud cham- 
ber by condensing water drops on the 
ions left in the avalanche tracks. 

In their wake the freed electrons of 
course leave large numbers of positively- 
charged ions, for each molecule from 
which an electron escapes is ionized. 
The ions create a positive * electrical 
charge throughout the space in the path 
of the electrons. When the ions left by 
the electron avalanche ate deserted by 
the electrons at tide positive end of the 
field, they add to its positive potential. 


The augmented field soon becomes stiong 
enough to diaw photoelectrons, created 
as an accompaniment to the avalanche 
process, from the negative side ot the 
field. The photoelectrons, feeding into 
the ion space-charge left by the initial 
avalanche, produce more ionization and 
enlarge the space-charge so that it ex- 
pands backward towards the negative 
end of the field. The situation can be 
pictured by imagining a magnet that by 
its field draws iron filings from a distant 
pile in such a way that the filings, build- 
ing on to one another from the magnet 
backward, form a path back to the pile. 

T HE entire chain of events, illustrated 
in the series of diagrams above, takes 
place in a matter of microseconds; the 
avalanphe of electrons, for example, ad- 
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during the previous events. The electrons, in turn, ionize 
more atoms so that a heavily ionized region (G) begins 
to extend towards the negative plate. This process con- 
tinues until there is a bridge of ions ( J ) , called a stream- 
er, between the two plates. It is this streamer that pro- 
vides the channel for a spark or for lightning. The next 


drawing illustrates the process by which streamers form 
branches. A streamer (M) attracts two avalanches (K 
and L), The avalanches are then reversed to form a 
branched streamer. The remaining example shows how 
a streamer may begin before an avalanche has reached 
positive plate. Streamer then works towards both plates. 


1 


vances at the rate of 20 million centi- 
meters per second. The ionized path that 
is formed as the end result of the process 
is called a streamer, and it is this stream- 
er that provides a channel for the spark 
or actual lightning stroke. 

In a thunderstorm, such a streamer 
bridges the gap between the charged 
cloud and the ground. The bridge is a 
conducting filament of ions with elec- 
trons streaming over it, and it acts as a 
kind of tear in the electrical field, ac- 
centuating the electrical stress at its 
ends. The instant the bridge is com- 
pleted, it releases a cataclysmic burst of 
electrons from the negative terminal— in 
this case the ground. The burst of elec- 
trons sends a potential wave up the 
streamer channel to the cloud. This lit- 
erally tears electrons out of most of the 


molecules in the centimeter-wide, chan- 
nel. The cloud’s charge and energy are 
then drained away down the conducting 
channel for some 10 microseconds, mak- 
ing the channel brilliantly luminous. The 
speed of the potential wave, called the 
return stroke, is from one to ten billion 
centimeters per second— one thirtieth to 
one third of the speed of light. This 
brilliant flash constitutes the phenome- 
non we call lightning. 

Once the spark channel has been es- 
tablished, there may be repeated strokes 
from the cloud down the same channel. 
The discharge of the section of the cloud 
from which the stroke comes changes its 
potential with respect to other sections 
of the cloud, and strokes within the cloud 
then recharge this section, causing new 
strokes to the ground. As many as 40 


successive strokes down a single channel 
have been observed— the legend that 
lightning never strikes twice in the same 
place is wrong m more ways than one. 
The repeated strokes follow one another 
very rapidly, at intervals ranging from 
tenths to hundred- thousandths of a sec- 
ond. 

The process that has been described 
is that for a stroke from a positive cloud 
to negative ground. For a stroke from a 
negative cloud the mechanism is similar, 
except that the streamer is built up by 
steps. 

The foregoing description represents 
the fundamentals of the process, but in 
an actual lightning storm the sequence is 
a bit more complex because of the length 
of the strokes. ‘When Schonland photo- 
graphed the lightning discharge with his 


25 






revolving-lens camera, the pictuies 
showed that the stroke advanced m a 
series of jumps. The mechanism for this 
process is deduced to be as Jollows: 
When a streamer is initiated from die 
cloud it staits towards the ground as a 
“pilot” streamer. Alter some 30 to 90 
microseconds, during which the tip of 
the streamer has advanced 10 to 30 leet, 
the ionization m the streamers upper or 
cloud end decays as the result of the 
lecombmation of ions. This builds up 
a high resistance, and in consequence a 
high potential, at the upper part of the 
channel. When the potential reaches a 
ciitical limit, the stiess is great enough 
to le-ionize the part of the channel on 
the earth side of the region of stress. A 
xapid pulse of ionization then sweeps 
down the channel, mci casing m speed 
and intensity as it approaches the tip 
of the streamer. When it reaches the tip, 
the latter is given a boost in energy. It 
lights up brilliantly, and often produces 
branches at this point. The pilot streamer 
then advances for another 40 to 90 
microseconds, whereupon decay again 
sets m at the cloud end and the piocess 
is repeated. Thus the pilot streamer 
forges ahead, the mechanism being 
known as the “stepped leader" process. 


AVALANCHE of electrons, depict- 
ed in drawings on pages 24 and 25, 
is photographed in a cloud chamber. 


ADVANCE of avalanche within the 
chamber is apparent in a photograph 
made tiny fraction of a second later. 



GROWTH of avalanche is shown in STREAMER develops from another 
third photograph. Electrons ionize avalanche. These experiments were 
atoms so droplets condense on them. : dene in the laboratory of H. Raether. 
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AS the sti earner approaches the ground, 
TjL the field distortion, particularly near 
conducting elements m the ground, in- 
creases. The streamer speeds up and 
heads in at a nearly vertical angle to the 
ground. If the stroke is from a negative 
cloud, in the last microsecond belore the 
stieamei is completed a positive streamer 
may advance from the ground to meet 
the pilot streamer, usually 15 to 40 feet 
above the ground. In any case, as soon 
as the pilot streamer makes contact with 
the ground or with a positive ground 
streamer, an enoimously steep potential 
wave sweeps up the channel to the 
cloud. This return stroke, which ionizes 
from one to 30 pei cent of the gas mole- 
cules m the channel, is the lightning 
flash that we see. After this stroke dis- 
charges the section of the cloud to which 
the channel leads, the cloud is lecharged 
as we have already indicated, and it then 
yields a new discharge towards the 
ground. Because the channel is now fully 
ionized, the discharge pioceeds not by 
steps but directly to the ground. This 
wave, called a “dart leader,” accounts 
for the repeated strokes of lightning. 
When the dart leader reaches the ground 
it calls forth a new bright return stroke. 
Dart leaders and return strokes repeat 
themselves in rapid sequence until the 
cloud element is drained of its high 
potential. 


Leonard B Loeb i& pro- 
fessor of physics at the 
University of California. 



COMPLEX STRUCTURE of lightning is illustrated by the General Electric Company with the revolving-lens 
a photograph of a single bolt striking the Empire State Boys camera. At the top the stroke is dissected into one 
Building. This photograph was made by researchers of long discharge (at right) and six subsequent ones- 
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Legislation 

T HE 81st Congress already has be- 
fore it several dozen bills of interest 
to the sciences. The most important pro- 
vide for 1) national compulsory health 
insurance, 2) Fedeial assistance m set- 
ting up local public health services m 
rural areas, 3) Federal support tor pri- 
mal y and secondary schools, 4) a Na- 
tional Science Foundation. All are simi- 
lar to unsuccessful bills m the last 
Congress. All but the first appeal as- 
sured of passage this spring. 

The national health insurance bill, one 
of the principal social measuies request- 
ed bv the Piesident m his Stale of the 
Union message, is sponsored in the Sen- 
ate bv Senators Wagner, M m ray, Cha- 
vez, Pepper, Tayloi and McGrath, and m 
the House by Representative Dmgell of 
Michigan. The insurance system would 
he financed by payroll taxes and would 
provide medical and hospital care for 85 
per cent of the U. S. population Doctors 
and Irospitals participating in the system 
would be paid— on either a fee-foi -serv- 
ice oi a per capita basis, whielrevei they 
preferred 

The bill to promote rural public health 
units was introduced by newly elected 
Senator Chapman of Kentucky. About 
40 per cent of the 3,071 counties in the 
U. S are without full-time public health 
services. Senator Chapman’s bill seeks to 
remedy this by adding Federal funds to 
state funds for new units. The money 
would be apportioned according to each 
state’s need as indicated by its per capita 
income. 

The school aid bill, whose author is 
Senator Thomas of Utah, would allot 
funds to the states on the basis of per 
capita income and the number of pupils. 
The two troublesome issues that have 
hitherto blocked Federal school aid— 
segregated schools in the South and the 
question of aid to parochial schools— are 
by-passed in the present bill. The states 
will he allowed to follow local practices. 
The President’s budget contains a pro- 
posal of $300 million for the first year of 
the program. 

The Science Foundation bill failed to 
go through Congress last year only be- 



cause of a last-minute legislative jam In 
this session it is sponsored by three Sena- 
tors of each paity. Thomas, Kilgoie and 
Fulbnght, Democrats; and Smith, Cor- 
don and S all ons tall, Republicans. The 
bill is considered virtually certain to pass 
unless it is stalled behind the health in- 
surance bill m the Senate Labor and 
Public Welfaie Committee. The Presi- 
dent’s budget message asked for a $2.5 
million appiopiiation and $12.5 million 
in conti act authorizations to get the 
Foundation started during the fiscal year 
beginning in July. 

Atomic Energy 

RESIDENT TRUMAN has indicated 
that he will ask Congiess to lestore 
the system of staggered terms tor mem- 
bers of the Atomic Energy Commissi on 
as oiiginally provided m the Atomic En- 
ergy Act The piesent terms, fixed by the 
BOt’h Congress, all exphe on August 1, 
1950. 

A rcpoit by the AEC’s Industrial Ad- 
visoiy Group finds that industiy is not 
playing a large enough ioIc m the devel- 
opment of atomic energy. Aside from the 
1 airly widespread use of ladioaetive iso- 
topes in research, there are lew com- 
panies exploring the applications of 
atomic eneigy. The Industrial Advisory 
Group, headed by James W. Paiker of 
the Detroit Edison Company, thinks 
that more can be done to encouiage in- 
dustrial participation. It recommends 
publication of declassified research pa- 
pers still unpublished; preparation of 
special technical and semiteclinical re- 
ports for industry, and reports on the 
organization ol the AEC and its policies 
on such questions as patents, systematic 
promotion of personal contact between 
AEC and scientific and technical per- 
sonnel in industry, establishment of a 
larger peimancnt industrial advisory 
committee. 

The AEC has announced publication 
of the first volume of its monumental 
National Nuclear Energy Series. The 
senes, which will include about a third 
of the 2,400 AEC and Manhattan Dis- 
trict papers declassified so far, will run 
to 60 volumes. 

Piactical utilization of atomic power 
moved a step nearer with the award of 
a contract to the Westinghouse Electric 
Corporation for a ship-propulsion unit 
to be built to specifications furnished by 
the Navy Bureau of Ships. Westinghouse 
will develop the unit in collaboration 
with the AEC’s Argonne National Labo- 
ratory. 

The AEC and the Agricultural Re- 
search Administration, experimental arm 


of the Department ol Agriculture, also 
announced results of a large-scale test ol 
the effects of small doses oi radioactivity 
on crop growth. Increased yields and 
eailiei ripening had been claimed by 
several expenmenters Tests m 14 states 
on 20 crops, horn cotton and tobacco 
to beans and tomatoes, failed to back up 
the claims. 

Atomic Clock 

T HE fiist clock in histoiv to be regu- 
lated by the spin ol a molecule in- 
stead oi by the sun or stais is now a tick- 
ing reality. It was unveiled at the Na- 
tional Bureau oi Standards last month 
by its designer, Harold Lyons. The clock 
is controlled by the penod of vibration 
ol the mtiogen atom in the ammonia 
molecule. 

As explained m “Radio Waves and 
Mattel” by Hany M. Davis (Scientific. 
American, September, 1948), the clock 
was developed by the use ol microwave 
spectroscopy. Nitrogen atoms in mole- 
cules of ammonia gas under low pi os- 
suie strongly absoib radio energy at a 
certain microwave irequeney and oscil- 
late m resonance with this frequency. 
In Dr. Lyons’ clock, this resonance fre- 
quency is utilized to regulate the fre- 
quency of a beam of microwaves. The 
beam m turn conti ols an oscillating cui- 
lent driving a conventional alternating 
current clock. 

The ammonia clock has an accuracy 
of better than one pint m 20 million 
Such accuracy is beyond any attainable 
in astronomical observations, since these 
always involve the variable rotation of 
the earth. The clock gives astionomy an 
independent yaidstick lor guiding tele- 
scopes and measuimg the length ol the 
solar yeai. The device can also be em- 
ployed as a broadcasting frequency 
monitoi. Its constancy will make it pos- 
sible to cut allowances foi “drift.” As a 
result, theie will be room in the crowded 
radio spectium lor more television, FM 
and standard broadcast stations. 

Aerobee Rocket 

A NEW locket specifically designed 
foi rescai ch m the upper atmos- 
phere has been successful m flight tests 
at the White Sands, N. M., proving 
ground. Named the Aerobee, it has car- 
ried 100 to 250 pounds of scientific 
equipment to heights of 70 miles. 

The first large high- altitude rocket of 
American design, it was developed by 
the Applied Physics Laboratory of Johns 
Hopkins University under Navy sponsor- 
ship to take the place of the dwindling 
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supply of captured German V-2s. Al- 
though it does not have the lange of the 
V-2 (114 miles), it is a more practical 
and less expensive instrument. 

The Aerobee is nearly 19 feet long 
and very slender (15 inches in diam- 
etei). It has two motors- one, burning 
solid fuel, is jettisoned when the velocity 
reaches 1,000 feet a second, the other 
uses liquid fuel. It has no guiding mech- 
anism; its course is set on the launching 
platform. Data gathered by the instru- 
ments m the rocket are radioed to the 
ground by an automatic transmitter, or 
are recoveied after the rocket falls. An 
explosive charge blows off the tail dur- 
ing descent and tumbles the rocket end- 
over-end, slowing the fall to 150 feet a 
second. Twenty Aerobees have been 
built. So far three have been fired suc- 
cessfully. 

A A AS President-Elect 

R OGER ADAMS, dean of U. S. or- 
ganic chemists, has been elected 
president of the American Association 
lor the Advancement of Science to serve 
in 1950. The president for 1949, named 
by the AAAS Council a year ago, is 
E. C. Stakman, the University of Minne- 
sota plant pathologist. 

Dr. Adams, head of the depaitment of 
chemistry at the University of Illinois 
since 1926, is a former president of the 
American Chemical Society. He is widely 
known not only for his research accom- 
plishments, but as a teacher. Scores of 
leading U. S. chemists were his students. 

Scientists in Uniform 

T HE special training and abilities of 
most of the 50,000 scientists and en- 
gineers who served in the armed forces 
during the war were largely wasted, 
according to a report just released by the 
Army. Assignments that could make use 
of their professional skills were given to 
only four in 10 of those who received 
direct commissions as officers, to only 
three m 10 who entered as reserve offi- 
cers, and to only two in 10 enlisted men. 
The rest were used for purely adminis- 
trative duties, foi combat or merely as 
“another pair of hands,” 

The report was prepared under the 
direction of David M. Delo, chief of the 
Scientific Manpower Section of the Army 
Research and Development Group. It 
was based on replies to questionnaires 
sent to the scientists and engineers them- 
selves. They were practically unanimous 
in condemning Selective Service and the 
armed forces' personnel policies. The 
draft boards, it was said, made those for 


whom deferment was sought feel like 
draft dodgers, so that many enlisted or 
refused deferment and thus were lost to 
high-priority research projects. 

The report recommends that m the 
event of another war a scientific man- 
power pool replace Selective Service for 
scientists and engineers. Those m charge 
of the pool would control assignment of 
scientific peisonnel both to military and 
to civilian organizations. 

Rivalry for Hospitals 

ONSPICUOUS waste and duplica- 
tion m the medical facilities of the 
armed forces has been reported by the 
medical task force of the Hoover Com- 
mission on Organization of the Executive 
Branch of the Government. 

The group found that in New York, for 
example, the Army, the Navy and the 
Veterans Administration are all em- 
barked on large hospital construction 
programs, although the five existing mili- 
tary hospitals in the area have an over- 
all occupancy rate of only 60 per cent. 
Some of the patients m the military hos- 
pitals, moreover, are properly charges of 
the VA, which has enough beds to take 
care of them The St. Albans Naval 
Hospital on Long Island is planning to 
install the largest X-ray machine ever 
built for cancer therapy, the investigat- 
ing group observes that patients requir- 
ing such treatment are rarely of further 
military value and should be discharged 
and sent to VA hospitals. 

The group s report outlined schemes 
for consolidating military hospitals 
which, it declared, would improve the 
quality of care and sharply reduce the 
number of doctors needed by the armed 
forces. The report also called for a com- 
parable regrouping of Federal civilian 
medical agencies into a new national 
bureau of health with three divisions 
One would operate all Federal hospitals 
except military station and field hospi- 
tals. The second would merge the public 
health activities of the Public Health 
Service and the Food and Drug Adminis- 
tration. The third would consolidate all 
Federal medical research and training 
activities. 

Vitamin B u 

T HE discovery of a vitamin, B 14 , 
which halts the growth of a type of 
cancer tissue in the test tube is reported 
by two investigators at the University of 
Washington, Earl R. Norris and John J. 
Majnanch. The vitamin attacks the 
Brown Pearce rabbit tumor. It has five 
million times the effect of xanthopterin, 


another compound that inhibits the same 
tumor. 

Vitamin B 14 was found in normal hu- 
man urine. Its discovery further com- 
plicates a lively current controversy in 
the chemotherapy of cancer. The dis- 
cussion revolves largely around folic 
acid, another B vitamin, A synthetic de- 
rivative of folic acid called teroptenn has 
been reported by some investigators to 
ameliorate cancer, but it is not to be 
considered a cure. Research attention 
has recently shifted to certain antago- 
nists of folic acid, notably xanthopterin 
and aminopterm, as possible inhibitors 
of human cancer. 

Heroin 

AN alarming increase m the use of 
m herom, so dangerous a narcotic that 
it has been completely outlawed in the 
U. S. for almost 40 years, is reported in 
a dozen countries. 

In Finland, according to the interna- 
tional Permanent Central Opium Board, 
consumption of heroin in 1947 was three 
times what it was m 1936. For 1949, 
Finland has asked the Board for import 
licenses for thrice the 1947 amount. In 
Italy, per capita consumption has risen 
50 per cent m a decade. Large increases 
have also taken place m New Zealand, 
Sweden and Australia. All five of these 
countries were criticized by the Opium 
Board, which is continuing the League 
of Nations campaign against heroin. 

Heroin, a derivative of morphine, is 
effective in suppressing the cough re- 
flex and was once the drug of choice in 
whooping cough and tuberculosis. The 
drug is extremely habit-forming, how- 
ever, and it is now prohibited m 25 
countries. 

WHO on the Air 

T HE World Health Organization has 
inaugurated daily broadcasting of 
world-wide epidemic reports, Broad- 
casts are beamed to Europe, Africa and 
the Americas from WHO headquarters 
m Geneva, and to Asia from a WHO 
center m Singapore. 

Meetings in March 

/'OPTICAL Society of America. Winter 
v/ meeting. New York City, March 10- 
12 . 

American Association of Petroleum 
Geologists. Annual meeting. St. Louis, 
March 14-17. 

American Chemical Society. Semi- 
annual meeting. San Francisco, March 
27-31. 
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xvALIIUAUTOGRAPH of a tomato shows how the plant 
utilizes tiny amounts of zinc. The vine from which the 
tomato was taken was grown in a solution containing 
, radioactive zinc (Zn e ) . The, plant thon incorporated 


the zinc into its tissues. Finally the tomato was sliced 
and placed on a photographic plate, the radioactive zinc 
affecting the plate just as light. Experiment was per- 
formed by Perry R, Stout of the University of California. 



The relatively recent application of labeled atoms 
in biological research has already brought out some 
remarkable information about the chemistry of life 


T HE recent application of isotopes as 
tracers for investigating life proc- 
esses is now widely recognized as 
one of the most significant developments 
in the long history of the biological sci- 
ences The researches made possible by 
this technique already have yielded sub- 
stantial contributions to fundamental 
biology. Beyond these, the visions 
opened by the technique have both 
surprised and stirred biologists. It is as 
if, looking into some quiet forest pool, 
one were to find its micioscopic animal 
life suddenly endowed with visibility, 
leveahng a vast activity of movement, 
interchange and transformation hardly 
indicated by the seeming calm and 
stability of the surface In much the 
same sense, the new-found ability to 
label living material with isotopic tracers 
has generated new insights into the 
ceaselessly busy system of intei action 
between the living cell and its environ- 
ment and within the cell itself 

The power of the tracer technique is 
readily illustrated by the simple experi- 
ment depicted on the next page. Sup- 
pose that a beaker is filled with a solu- 
tion of sodium chloride— common table 
salt— in water, and the beaker is then 
divided into two compartments by 
means of a permeable membrane. Ob- 
viously material is diffusing back and 
forth through the membrane, yet no or- 
dinary chemical or physical means can 
demonstrate this movement, for the sys- 
tem is in a state of equilibrium. The solu- 
tion on both sides of the membrane is 
identical; each half of the beaker has the 
same number of positively-charged so- 
dium ions and negatively-chai ged chlo- 
rine ions. 

Now suppose some of the chloride is 
removed from compartment A and re- 
placed with an equal volume of specially 
prepared chloride containing only the 
lighter isotope of chlorine— Cl 35 , of 
atomic weight 35. Normal chlorine, a 
mixture of two stable isotopes, has an 
atomic weight of 35.5. Thus the new 
material, though chemically indistin- 


by Martin D. Kamen 

guishable from the chloride it replaced, 
is lighter. In consequence the diffusion 
of the new chlorine ions into compart- 
ment B, as well as the rate of this diffu- 
sion, can be detected merely bv observ- 
ing the rate at which the weight of the 
solution in B decreases. Preciselv the 
same result is obtained by labeling solu- 
tion A with a radioactive, or unstable, 
isotope of chlorine instead of a stable 
one. The only difference is m the method 
of detection: in one case the diffusion is 
detected by weighing samples of the B 
solution, in the other by using an instru- 
ment to record radiation from the B so- 
lution. 

This experiment demonstrates, at the 
simplest level, the principle of all tracer 
work. The two interacting systems, A 
and B, may be two pieces of solid salt— 
m which case the membrane is the sur- 
face of contact between them— or two 
pieces of metal, or a cell and its sur- 
roundings, the diffusing material may be 
a metal, a gas , a protein, an organic 
product of metabolism; the membrane 
may be a plant surface, an animals skin, 
a cell interface. In all cases the process 
under study is traced by labeling one of 
the constituent atoms of the diffusing 
material with an isotope and determin- 
ing its fate. When, for example, the dif- 
fusing material is a labeled hormone and 
the membrane a cell interface, the in- 
vestigator is conducting a research into 
the absorption and retention of hor- 
mones by a living system. 

Just as in the case of the two salt solu- 
tions, isotopic tracers can be used to 
distinguish material entering a cell from 
that already present, even though no net 
change in the chemical composition of 
the cell occurs. Thus biologists for tire 
first time are afforded a method for in- 
vestigating directly the important prob- 
lem of how a cell governs the uptake of 
material from its environment. The great 
sensitivity of tracer methods also makes 
it possible to study the exchange of ma- 
terial within the cell, and the constant 
intercourse among the agents and prod- 


ucts of metabolism which circulate in the 
organism. 

From Pro tit to Hevesy 

Any account of the genesis of this fun- 
damental advance, which thus far has 
been the most beneficial and useful fruit 
of nuclear science, must begm with the 
early 19th-century English physician 
and chemist William Prout. In 1816 he 
suggested that all the elements might 
be built of the lightest atom, hydrogen. 
On the Prout theory, it was expected 
that the atomic weight of every element 
would be a whole number multiple of 
the atomic weight of hydrogen. It turned 
out, howevei, as the weights of the ele- 
ments became accuiately determined, 
that most of them did not obey any such 
law. Thus chlorine, which should have 
had an atomic weight of 35 or 36, actu- 
ally had a weight 35.5 times hydrogen. 
Consequently the Prout hypothesis was 
abandoned. It might not have been if 
physicists had realized that the "irre- 
ducible” elements they measured so con- 
fidently were mixtures of atoms, and that 
the atoms themselves did indeed follow 
the rule of integral atomic weights when 
compared with hydrogen. 

The twin discoveries of X-rays and 
radioactivity 7 in 1895 and 1896 changed 
the whole perspective. By means of new 
instruments capable of determining the 
properties of single atoms, it was soon 
found that most elements were actually 
families of atoms, the members of 
which, although chemically identical, 
differed from one another in certain 
physical properties, notably weight and 
stability. Chlorine, for example, was 
found to be a mixture of two types of 
atoms with weights of 35 and 37, present 
in the proportion of three to one respec- 
tively. Among the heavy elements were 
discovered a considerable number of ra- 
dioactive varieties; thus a radioactive 
product of thorium, called Thorium C, 
was shown to be a member of the bis- 
muth family, with a weight of 212 
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SIMPLE DEMONSTRATION of the tracer method is the case of two iden- 
tical salt solutions separated by a permeable membrane. Unlabeled atoms 
(upper left ) fail to show exchange across membrane. By using salt contain- 
ing light isotope of chlorine (rectangles ) , the diffusion is made apparent. 


instead of 209— the weight of stable bis- 
muth atoms. It was the Biitish physicist- 
chemist Frederick Soddy, a collaborator 
of the great Ernest Rutherfoid, who m 
1912 gave these vaiiant atoms of the 
same element the name of isotopes, from 
the Greek isos (same) and topos 
( place ) , meaning that they occupied the 
same place m the pei iodic table. 

Once the existence of isotopes had 
been discovered, chemists pioceeded to 
attempt to sepal ate them. The experi- 
ments they devised for this purpose 
naluially weie based on the physical 
diffeiences among isotopes that resulted 
hom their diffeiences in mass— such as 
difleient volatility, mobility m gases and 
liquids, and so on. No one was more 
active m this type of research than a 
young Hungarian chemist, George Hev- 
esy, who had come m 1913 to Ruthei- 
f orcls fertile laboratory at Manchester 
England. In a senes of reseat dies nota- 
ble for their ingenuity and pieeision, 
Hevesy and his collaborators showed 
that the isolation of isotopes m notice- 
able quantities lequiied the most ai- 
duous kind of laboratory procedmes, 
involving many thousands of repeated 
distillations or diffusions. These obsei va- 
tions, supported bv those ol othei ic- 
seaichers, indicated that in ordinal v 
chemical processes no appreciable dif- 
feioncos in the isotopic composition ol 
samples of an element would be noticed 
until the chemical methods loi detei- 
minaiion ol atomic weight appi cached a 
precision of the order of one pait m 
10,000 to 100,000. Thus it was estab- 
lished that loi all practical purposes or- 
dinary chemical manipulations would 
produce no change in an element's iso- 
topic composition. 

Hevesy leasoned that if one could 
somehow change the isotopic composi- 
tion of any sample of an element, the 
sample could then be distinguished fiom 
the normal element. In other words, an 
element could be labeled by altering its 
isotopic content, and the labeled mate- 
rial could be toll owed through any 
chemical reaction. In 1923 Hevesy made 
his first famous tiacei expenmen t. Be- 
cause radioactive isotopes were available 
only in the heavy elements, he chose to 
begin by studying the intake of lead by 
plants, and he used a radioactive isotope 
of lead, Thorium B, to label the material. 
He bathed the rootlets of young plants 
with solutions of lead nitrate mixed with 
Thorium B nitrate as the tracer. After 
intervals ranging from one hour to two 
days, he burned various pails of the 
plants and determined the amount of 
Thorium B present in each part by meas- 
uring the radioactivity of its ashes. 

Tools of Tracer Research 

This experiment in plant nutrition 
was the beginning of the isotopic-tracer 
method in biology. The method was se- 



veielv limited at first by the fact that all 
work had to be done with the heavy ele- 
ments, such as lead, bismuth and mer- 
cury. No feasible method existed for the 
separation of stable isotopes m quantity. 
But the discovery of the neutron, of 
heavy hydrogen and of artificial radio- 
activity’ m the 1930s, and the subsequent 
development of large cyclotrons and 
atomic piles, solved these problems By 
the middle 1940s there was available a 
practically unlimited supply of radio- 
active isotopes of nearly all the elements. 
Meanwhile Harold C. Urev and his col- 
laborators at Columbia University’, m a 
series of remarkable researches, devel- 
oped methods for bulk separation of the 
stable isotopes of the important biologi- 
cal elements. 

Todav tracer research is limited main- 
ly by a shortage of trained investigators. 
One of the principal skills required is in 
the assaying of samples of labeled mate- 
rial, the concentration of which must be 
measured with precision With the de- 
velopment of ready-made instruments 
for this purpose, a tracer researcher now 
need not be an accomplished physicist, 
but considerable understanding of the 
physical principles involved is still neces- 
sary. 

The assaying instruments are of two 
general types. In experiments using ra- 
dioactive isotopes, the measuring instru- 
ment is the electroscope, the electrom- 
eter or the now familiar Geiger-Muller 
counter The latter consists essentially of 
an ionization chamber and an electronic 
apparatus which perform the functions 
of detecting and amplifying each radio- 
active disintegration of an atom, the 
number and rate of disintegrations is a 
measure of the amount of labeled mate- 
rial present. In experiments using stable 
isotopes, the measuring instrument most 
commonly used is the mass spectrometer, 
which ionizes the atoms in a sample, 
swings them through a magnetic field 
and separates the isotopes by means of 
their differing masses Thus the atoms of 
each isotope are deposited at a separate 
point on a collecting plate and the con- 
centration of the labeling isotope in the 
sample determined. 

Nature of the Problem 

The biochemist's use of tracers is 
focused primarily on this basic problem* 
How does a given molecule play its part 
in the metabolism of a living organism? 
More specifically, what is the mechanism 
by which the molecule is mobilized ei- 
ther as a source of energy or as a con- 
tributor to the structure of living cells? 
In the investigation of this problem, 
some of the outstanding contributors 
have been the late Rudolph Schoen- 
lieimer and David Rittenberg of Colum- 
bia University, Harland G. Wood of 
Western Reserve University, and Vin- 
cent du Vigneaud of Cornell University. 



BLOOD CELLS are radioautographed to locate tiny concentration of ele- 
ment that emits alpha particles. Here a special nuclear emulsion is placed 
atop cells. Cells and tracks are then photographed together. Autograph was 
made by George A. Boyd and Agnes I. Williams at University of Rochester. 



LUNG TISSUE of a* rat is radioautographed to loeate inhaled plutonium 
oxide. The radioactive plutonium oxide is thus shown to concentrate in the 
rat’s bronchial passageways. This study was undertaken by K. G. Scott, D. J. 
Axelrod, J. Crowley and J. G. Hamilton at the University of California. 
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CLASSIC PROBLEM was to locate source of each car- 
fa oft atom in uric acid. Structure of acid is at lower left. 
Ift drawings above its hydrogen and oxygen atoms are 
knitted for clarity. Numbering system is used in text of 


article. Compounds with various carbon atoms labeled 
(squares) were fed to birds. Position of labeled atoms 
built into uric acid ( short arrows) was then determined. 
Dotted squares indicate only traces of labeled carbon. 


Then principal tools ha\e been the sta- 
ble isotopes hydrogen 2, caibon 13 and 
nitrogen 15. 

The result of these researches may be 
summed up m the important general 
finding that a living system is a finely 
balanced complex of chemical reactions 
which, like the salt solution m the beak- 
er, is in a continual state of flux. Metab- 
olism is not a simple, one-way process. 
The substances of cells are constantly 
being bmlt up and broken down from a 
“metabolic poor' of chemically active 
fragments of molecules that circulate in 
the organism. Schoenheimer aptly lik- 
ened the adult organism to a military 
legiment: 

“[It has] a size which fluctuates only 
within . . . limits, and a well-defined, 
highly organized structure. The individ- 
uals of which it is composed are con- 
tinually changing. Men join up, aie 
broken, and ultimately leave after vary- 
ing lengths of service. The incoming and 
outgoing streams of men are numerically 
equal, hut they differ in composition. . . . 
Recruits may be likened to the diet; their 
retirement and death correspond to ex- 
cretion.” 

This analogy is admittedly incom- 
plete; it fails, for example, to depict the 
chemical interaction of body constitu- 
ents in the living system. Yet it lemains 
an admirable illustration of the meaning 
of the “dynamic state” in biolog) 7 . 

The tracing of a metabolic process, as 
already indicated, involves two basic 
steps: 1) labeling a food or another sub- 
stance fed to the organism, and 2) ana- 
lyzing the intermediate and ultimate 
products that may be formed from this 
substance to determine the amount, if 
any, of the tracer isotope present. In bio- 
logical research it is often preferable to 
use a stable isotope rather than a radio- 
active one, to avoid the danger of dam- 
aging the organism by radiation effects. 
Thus the use of radioactive carbon 14, 
for example, lias not been considered ad- 
visable in studies of human beings; it has 
a half life of 5,100 years and would con- 
tinue to radiate throughout the subject s 
lifetime wherever it remained in the sys- 
tem. 

The labeling process itself is merely 
a matter of chemical preparation. The 
compound to be fed to the organism is 
synthesized chemically m the usual way; 
the only difference is that for one of the 
components in the molecule a single 
isotope, or an unusual proportion of that 
isotope, is used instead of the natural 
element. Thus if the atom to be labeled 
is nitrogen, the compound is prepared 
with nitrogen 15. Supplies of separated 
isotopes are now available commercially 
or from an institutional laboratory. 

The tracing of the labeled material, 
however, is somewhat less simple than 
a game of hare and hounds. The labeled 
compound must be prepared in such a 
way that the label is not lost, either be- 


cause of excessive dilution in the pool of 
the same material that is already present 
in the organism, or because of interfer- 
ence by biochemical processes not con- 
nected with the one being studied. 
Moreover, the success of the experiment 
often depends on an accurate estimate 
of how thoroughly the labeled com- 
pound mixes with the same material in 
the organism, if the mixing is incom- 
plete, it becomes difficult to ]udge the 
significance of the concentration of la- 
beled material finally found m the cells 
where it is used A further difficulty 7 
enters with regard to the purity of the 
sample, in tracing the intermediate steps 
m metabolism it is usually no simple 
problem to isolate the molecules carry- 
ing the label in a state that is sufficient- 
ly pure to permit an unambiguous analy- 
sis of the meaning of their labeled con- 
tent 

Precursors and Products 

Let us consider now a classic example 
of tracer research. This study, of the 
type known as “precursor-product” re- 
search, in which it is shown that a cer- 
tain compound, B, is derived from a 
precursor compound A, w ? as conducted 
by John C. Sonne, John M. Buchanan 
and Adelaide M. Delluva at the Univer- 
sity of Pennsylvania Medical School. It 
w r as designed to determine the sources 
of the various carbon atoms found in 
uric acid, a product of the breakdown of 
protein in birds, snakes, lizards and in- 
vertebrates. The structure of uric acid 
is shown at the bottom of the diagram 
on the opposite page. Each atom is num- 
bered for identification according to its 
position in the molecule. The objective 
of the experiment w T as to learn the re- 
spective origins of the carbons num- 
bered 2. 4, 5, 6 and 8. 

The investigators used pigeons as the 
test animal. They fed or injected into 
a group of birds several simple carbon 
compounds which might he the original 
sources employed by the pigeons to syn- 
thesize uric acid. These compounds were 
labeled with carbon 13 m various ways. 
Thus one of the compounds, lactic acid, 
which has the formula H a CCHOHCO- 
OH, had three carbons available for 
labeling, the carbon 13 atom could be 
placed in the carboxyl group (COOH) 
or m the first two positions, the so-called 
alpha and beta carbons. 

After the birds had been fed these 
compounds for a day or two, uric acid 
was recovered from their excretions. It 
was then purified and analyzed for the 
presence of carbon 13 in the various 
fractions of the uric acid molecule, the 
fractions being obtained by a controlled 
chemical breakdown* of the compound. 
Each fraction identified the position of 
one of the carbon atoms in the uric 
acid molecule; carbon in the sixth posi- 
tion, carbon-6, for example, w T as split off 


the molecule in a carbon dioxide frac- 
tion. 

The lesults of the experiments are pic- 
tured m the schematic diagrams on the 
opposite page They show the positions 
in the uric acid molecule at w T hich tracer 
carbon from each of the precursor com- 
pounds finally arrived. In the terms of 
Schoenhetmer’s regiment analogy, the 
compound fed to a pigeon may be con- 
sidered a group of recruits, each of 
whom is destined to wand up in a specif- 
ic suitable job, depending on Iris place 
of origin. The recruits corresponding 
to the atoms in the compound acetate 
(H^CCOOH), let us say, all come from 
Texas: those corresponding to the car- 
bon atom in the carboxyl fraction of ace- 
tate (COOH) are all from the city 7 of 
Houston. To keep track of these men and 
maintain the regimental records in pro- 
per shape, the Houston recruits are 
labeled for identification. When soldiers 
finish their term of duty 7 in the regi- 
ment, they are mustered out by groups 
(in this case representing molecules of 
uric acid) . It turns out that when the 
departing groups are examined, the 
labeled Houston recruits in them appear 
in one of two jobs: they are all either 
riflemen or bazooka specialists. 

Similarly, when a pigeon is fed car- 
boxvl-labeled acetate, the labeled carbon 
invariably appears in uric acid as earbon- 
2 and carbon-8. When a pigeon is fed 
formate (formic acid), the labeled car- 
bon from that compound also appears in 
uric acid as carbon-2 and carbon-8— not 
all riflemen and bazooka specialists come 
from Houston. On the other hand, car- 
boxyl carbon does not always appear in 
the same positions; the carboxyl carbon 
derived from the amino acid glycine, for 
example, becomes carbon-4 in uric acid. 
It is as if the fate of each recruit de- 
pends not only on the type of city 7 but 
also on the state from which he comes. 
Thus the most important basic finding 
developed by this research is that the 
compounds fed to a living organism are 
all used in different ways. 

Measurements of the tracer carbon in 
uric acid established that carbons-2 and 
-8 could be derived from formate or from 
the carboxyl group of acetate, that car- 
hons-4 and -5 could be contributed by 
the amino acid glycine, that carbon-6 
came mainly from carbon dioxide but 
was also derived in small amounts from 
other compounds. 

Yet so intricate is the mechanism of 
metabolism that the appearance of a 
tracer isotope in the final product may 
be deceptive. For example, all com- 
pounds labeled with tracer carbon in the 
carboxyl group are subject to breakdown* 
in the body, yielding labeled carbon 
dioxide. As a result, w 7 hen the labeled 
carbon is found in a later product it is 
difficult to tell whether tire product's 
carbon is normally derived from the orig- 
inal compound or from carbon dioxide. 
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Often the solution of the pioblem re- 
quiies close attention to the time factor 
m the diffusion of the isotope 

The Red Cells 

An outstanding example of this type 
of research was a series of expeiiments 
recently conducted by David Shemin 
and David Rittenberg at Columbia Uni- 
versity. They were studying the manu- 
factuie of hemin by the human body. 
Hernm is the iron-containing blood pig- 
ment that combines with globm, a pro- 
tein, to foim hemoglobin, the substance 
that transports oxygen m the blood. The 
reseai chers had established that m the 
rat the nitrogen of hemin is derived 
mainly fiom the amino acid glycine 
(NH 2 CHjCOOH) . To trace the process 
in a human subject, they labeled glycine 
with nitrogen 15 and fed small amounts 
of the compound (a total of one and 
one-half ounces) to the subject lor three 
days. Then at regulai intervals they ob- 
tained from the subject samples of a 
hemin derivative called protoporphyrin 
and examined it for evidence of the 
tracei niliogen. 

Now the result one would normally 
have expected, in view of what was 
known about the dynamics of metabo- 
lism m general, is somewhat as follows: 
The labeled glycine would mix with the 
glycine already present in the circulation 
and within a lelatively short time would 
become available for incorporation into 
the new hemin constantly being pro- 
duced in the body. As new red cells were 
lormed, labeled hemin would appear m 
the circulating blood. Meanwhile, un- 
labeled hemin would be removed from 
the blood as olclei red cells were de- 
stroyed. Thus the proportion of labeled 
hemin in the blood would increase stead- 
ily as long as labeled glycine was fed. 
Shortly after the subject returned to a 
normal diet containing unlabeled gly- 
cine, the situation would be reversed. 
Now unlabeled nitrogen would be com- 
ing into the hemin and labeled nitrogen 
would be going out. If the red cells were 
constantly exchanging material with 
their surroundings— a condition charac- 
teristic of practically all metabolic proc- 
esses— the proportion of labeled hemin 
would soon start to drop. The curve re- 
cording the abundance of labeled hemin 
in the blood during the course of the ex- 
periment would follow a certain familiar 
pattern: it should rise sharply at first, 
level off for a brief period, and then de- 
cline. 

The actual result was quite different. 
After the feeding of labeled glycine was 
stopped on the third day, the concentra- 
tion of labeled hemin did not level off 
but continued to increase for nearly 25 
days l Then it became stabilized for a 
long period. Not until the 100th day did 
the concentration begin to drop. 

The deduction to be drawn from these 



iucts was cleai. It appealed that liemin, 
unlike othei active tissue, was compara- 
tively stable. Instead ol being continu- 
ally broken down and rebuilt, led cells, 
like human beings, evidently have a 
definite aveiage lifetime during which 
they remain intact. Normally they aie 
destioyed oi die only aftei reaching a 
certain age. The observations indicated 
that the aveiage human red cell has a 
life span of about 130 days. The new red 
cells that were formed while labeled 
glycine was available retained the label 
until they died, and the labeled nitiogen 
then released was not used again m the 
manufacture of hemin. 

Obviously this finding has consider- 
able significance to medical science. 
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HEMIN, a constituent of hemoglo- 
bin, was found when labeled to re- 
main in the blood for relatively long 
period. Predicted curve is at left. 

Tracei nitrogen can be used to study the 
life span and destruction of hemin and 
led cells m various types of human blood 
disorders. Such researches have already 
begun and they have a bright future. 

A Tracer Stndy 

Recently the wiiter participated m a 
related study that illustrates even more 
vividly the complex trail which some- 
times must be followed m tiacei le- 
search, Moises Grinstein, an Argentine 
biochemist working as a visiting fellow 
in the hematology laboratories headed 
by Carl V. Moore at the Washington 
Univeisity Medical School, consulted the 
writer on the feasibility of using tracei 
techniques to study certain problems m 
blood chemistry The problem first pre- 
sented was to identify the precursors of 
a close chemical relative of hemin known 
as Coproporphyrin I, a substance found 
in human excreta. The chemical struc- 
ture of this substance, like that of hemin, 
is based on the so-called “pyrrole” rings, 
which in turn are linked together to form 
the "porphyrin” ring pictured at the 
right. 

The plan of investigation eventually 
decided upon was to try to build up a 
supply of labeled hemin in a dog, trans- 
fuse the labeled blood into a second dog 


and find out whether the labeled hemin 
yielded labeled Coproporphynn I when 
it was degxaded (i.e., broken down) 
The puipose of this lesearch was to de- 
termine whether hemm was a precuisor 
ol Copiopoiphyiin I and hence possibly 
of other blood pigments. The particular 
part of the molecule to be studied was 
the poiphyiin ring, common to hemin 
and other blood pigments. And the ele- 
ment to be traced was carbon. Shemm 
and Rittenbeig had shown that glycine 
could supply the nitiogen m hemin. 
Could the same compound also supply 
hemiiTs carbon? Some lesearehers in- 
deed had suggested that the whole 
glycine molecule might enter into the 
synthesis of the poiphyrin ring. 

The first pioblem then was to obtain 
some carbon-labeled glycine. There weie 
two carbons in the molecule available 
for labeling: one m the carboxyl group 
(COOH), the other in the "methylami- 
no” gioup (NHoCHo). Since it was as- 
sumed that both caibons of glycine weie 
used in the synthesis of hemm, it ap- 
pealed immaterial which one was lab- 
eled. We decided to use carboxyl-labeled 
glycine because supplies of this material 
were readily available. 

One hundred milligrams (about 3 5 
thousandths of an ounce) of glycine 
labeled with the ladioactivc isotope eai- 
bon 14 in the carboxyl position were 
obtained from R. B. Lo It field of the 
Massachusetts Institute of Technology. 
The total radioactivity of this material 
was five million times the lower limit of 
detection (LLD) of our assay instru- 
ment— a special type of Geiger-M tiller 
counter that is particularly responsive to 
the radiations characteristic of carbon 
14. Calculations based on this activity 
and on the assumed uptake of carbon by 
the blood indicated just liow much ra- 
dioactivity we should expect in labeled 
blood samples recovered from a normal 
dog. the radioactivity should be 100 
LLD in every milligram of liemm, and, 
assuming that labeled carbon also en- 
tered the globm part of the hemoglobin 
molecule, 10 LLD in eveiy milligram of 
globin. 

The dog was first bled so that it would 
take up a maximum amount of labeled 
glyeme as it replenished its blood supply 
during the feeding period. The labeled 
glycine was given by stomach tube in 
three feedings over a period of three 
days. The dog's blood supply rapidly re- 
turned to normal and the animal ap- 
peared contented. Samples of its blood 
were drawn on the 11th, 14th, 20th, 
37th and 52nd days after the glycine was 
administered. The blood was then sepa- 
rated into hemin and globin fractions. 
Each of these fractions was purified and 
assayed for radioactivity. 

Contrary to expectations, the assays 
showed fhat no radioactivity whatever 
appeared m the hemin. Thus our as- 
sumption was proved incorrect: the car- 



bow 1 carbon of glycine was not used m 
the synthesis of hemm. We had chosen 
the wrong carbon for labeling, for it de- 
veloped later that the other carbon atom 
m glycine, the one m the methylamino 
group, did enter into hemm. 

The globm fraction, on the other 
hand, exhibited the expected amount of 
radioactivity 7 , indicating that it had used 
some of the carboxyl carbon from gly- 
cine. And here it developed that the 
labeled globin followed the same kind 
of time schedule as the labeled hemin m 
Shemin and Rittenberg’s experiment. 
The curve of abundance of labeled ma- 
terial was exactly the same, except that 
it began to decline a little sooner, indi- 
cating that the life span of this particu- 
lar dog's red cells was 100 da\s, instead 
of 130 days as in man. Evidently the 
globm part of the hemoglobin molecule, 
like the hemin part, did not participate 
m the dynamic flux of body metabolites 
but maintained its integrity 7 during its 
lifetime. 

The general conclusion from this re- 
search was that the glyeme molecule was 
not taken in toto into the porphyrin ring 
of hennn, as had been suggested. Its 
carboxyl carbon was lost to other meta- 
bolic processes, including the manufac- 
ture of globm. The nitrogen and carbon 
from the methylamino part of the glycine 
molecule were used m the synthesis of 
hemm, and it was established that they 
enteied into hem in's pyrrole rings, as 
shown in the diagram on this page. It 
could be seen that to carry out the orig- 
inal purpose of the research, i e the 
study of the possible role of hemin as a 
precursor for other blood pigments, a 
fresh start would have to be made with 
glyeme labeled with carbon 14 or nitro- 
gen 15 in the methylamino group. Such 
experiments have been performed re- 
cently and indicate that Coprop orphvrin 
I is not derived from blood hemin but is 
formed in all likelihood from a precursor 
common to both hemm and Copropoi- 
phvrin 

This account, incidentally, illustrates 
not only the many kinds of techniques 
requned m a single tracer experiment 
but the healthy erasure of boundaries in 
biological science. To cany thiough this 
experiment required at least three spe- 
cialists. a hematologist a biochemist and 
a physical chemist. 

The Versatility of Tracers 

It must not be supposed that precui- 
sor-product researches are the most im- 
portant type of investigation accessible 
to tracer techniques. They are only one 
aspect of the central problem in bio- 
chemistry: the elucidation of the mech- 
anisms by which the body regulates and 
integrates its constant breakdown and 
synthesis of materials. In any given bio- 
chemical process, an important role is 
played by linked chains of reacting 
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LABELED NITROGEN was used in experiments to determine the source of 
the element in hemin. At top is the structure of the pyrrole ring, four of 
which enter into the structure of hemin. Labeled nitrogen in glycine was 
built into rings. Source of linking carbon (question mark) is unknown. 
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MASS SPECTROMETER at Columbia University’s radioactive isotopes of hydrogen or nitrogen. The spec- 
College of Physicians ahd Surgeons is employed in tracer trometer itself is in the background. Engineer Irving 
research to measure the relative concentration of non- Sucher sits before the controls and recording devices. 




agents which act as intermediates in ac- 
cepting and passing along certain neces- 
sary atomic fragments supplied by ma- 
terial taken into the body. Each step m 
such a process is controlled in general 
by an enzyme. All enzymes appear to be 
proteins. The entire process is self-con- 
tained and self-regeneiating: it proceeds 
m a cyclic fashion. The tracer approach 
is particularly useful m ferreting out pos- 
sible intermediates and participating 
molecules that are not obviously in- 
volved or are not observable by conven- 
tional chemical methods alone. 

This is not to say that conventional 
chemistry has not developed a great deal 
of information about metabolism. But 
tracer methods permit much more lati- 
tude m such studies and yield more cer- 
tain results. One of the most important 
facts it has established, a fact which 
could never have been determined by 
conventional methods, is the importance 
of carbon dioxide in metabolism. Car- 
bon dioxide, once thought to be simplv a 
waste product, has been found to enter 
into an astonishmg diversity of processes 
in the ammal organism. 

Another pi oblem in which tracers are 
helpful is the study of living material 
in an artificial emoronment. Biochemists 
often are compelled to investigate the 
reactions that take place in cells under 
test-tube conditions outside the living 
organism. In the test tube most such par- 
tial systems rapidly tend to a state of 
equilibnnm. In the living organism, 
however, they are not at equilibrium but 
interact with their surroundings. Thus a 
test-tube study usually cannot determine 
how such a system functions in its nor- 
mal environment. 

As an example consider the problem 
of the formation of protein. Proteins are 
built up in some as yet unknown way 
from simple amino acids. This process, 
as well as the breakdown of proteins into 
amino acids, is controlled bv enzymes. 
In the living cell, die synthesis and deg- 
ladation of protein is balanced. But 
when the protein-metabolizing system is 
extracted from the cell, the regulating 
mechanism is damaged or entirely de- 
stioyed. Now breakdown begins to pre- 
dominate over syndiesis, because die 
energy relations favor the destruction of 
protein. Under those conditions the syn- 
thesis reactions cannot be followed 
chemically. 

Such a study becomes possible, how- 
ever, with the aid of tracers. As soon as 
the cellular extract is isolated from the 
organism, a labeled amino acid such as 
glycine is added to the extract. If any 
synthesis of protein takes place, die 
labeled amino acid will be taken up, 
along with other amino acids made avail- 
able by the breakdown of protein mole- 
cules. If there is any appreciable reversi- 
bility in the system, i.e., recombination 
of the amino acids from broken protein 
to form new protein molecules, the pro- 



S AMPLE IS INSERTED into spectrometer in Y-shaped tube ( beneath 
technician *s hand). Sample is in one side of tube: sodium liypobromite is 
in the other. When the two are mixed, nitrogen is released and analyzed. 



INCREASED CONCENTRATION in heavy isotope of nitrogen is indicated 
by recording apparatus. Scale of peaks is shifted for convenience. Two peaks 
below show natural concentration. Peaks at top show increase in nitrogen 15 . 
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tcin will have an increasingly greatei 
labeled content as new molecules aie 
synthesized. At some aibitraiy point, say 
when half of the protein has disap- 
peared, the reaction is stopped and in- 
tact protein is lemoved foi assay of the 
amount of tracer m it. 

This piocedure makes it possible m 
most cases to determine whether a pai- 
ticular system is reversible enough to be 
of any importance in the synthesis ol 
cellular protein. Furthermoie, it permits 
the detection of protein synthesis m sys- 
tems wheie it cannot be discovered by 
any other means. The technique can be 
applied, of couise, to a huge variety of 
biochemical pioblems. 

The great subtlety of the tracer ap- 
proach is well illustrated by still another 
technique. Sometimes the biochemical 
product being studied does not exist m 
the organism in sufficient quantity to be 
isolated or analyzed In such cases some 
of the product is added to the labeled 
piecursor when the latter is fed to an 
organism. This unlabeled “earner" ma- 
terial adds to the body’s supply of the 
product; it is fed in a quantity sufficient 
to permit analysis of the product, bill not 
too great to dilute the label beyond de- 
tection. 

The mixing of labeled with unlabeled 
material is extremely useful in analytical 
biochemistry. Suppose, foi example, one 
desires to ascertain whether a given 
compound is present in a cell extract; let 
us say the problem is to determine the 
percentage of glycine present m a mix- 
ture obtained by hydrolysis (breakdown 
by water) of a cell protein. This is a 
formidable pioblem by conventional 
chemical methods, for complete lecoveiy 
of the glycine in a pure state is required 
and amino acids are not easy to separate 
from one another. 

The tracer method solves it easily. We 
add to "the extract a carefully measuied 
quantity of labeled glycine. The labeled 
sample mixes with the glycine m the ex- 
tract. Now we can measure the amount 
of glycine originally piesent by measur- 
ing the dilution of the label, which de- 
pends only on the relative amounts of 
the original glycine and the labeled addi- 
tion. Suppose, for example, we add 10 
milligrams of glycine containing 10 
units of labeled carbon to one gram of 
the original protein containing an un- 
known amount of glycine. We now iso- 
late and purify a small sample, say one 
milligram, of the mixture of labeled and 
unlabeled glycine, and measure the con- 
centration of labeled carbon in it. We 
find that the concentration is one half 
of one unit. In the labeled glycine that 
was added the' concentration was one 
unit per milligram* Tbus it is clear that 
the, .added glycine doubled the amount 
originally present, which* means that the 
extract contained 10 milligrams of gly- 
cine^ Here, then ? is a method of analyze 
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ponents without sepaiaimg out all oi the 
component m a pure state: we need only 
measure the labeled content of a known 
amount of added matenal and the la- 
beled content ol a purified sample of the 
combined mixtuie, a simple foimula 
then gives the amount of the component 
being measured. This method is being 
developed with many variations as one 
of the most useful analytical tests m bio- 
chemistry 

New Frontiers 

Those examples suggest, but by no 
means completely define, the immense 
new iiontiers opened by the isotopes m 
biochemistiy. And biochemistiy is only 
one of the fields of application foi turn- 
ers. Their usefulness is equally nnpies- 
sive in physiology. The biochemist is 
concerned piimarily with isolated en- 
zyme systems and with what goes on in 
the cell. The physiologist is concerned 
with interactions between enzyme sys- 
tems and with the economy of the cells 
as a whole. Because the cells, in contnist 
to their evci -changing constituents, are 
more or less in equilibrium with their 
environment, tracers are indispensable 
to the study oi the two-way traffic that 
goes on across cell membranes. They are 
an invaluable means for investigating the 
permeability ot membnmes, the accu- 
mulation oi metabolites at specific spots 
in the cell, the transpoi tation ol sub- 
stances to vaiious destinations in the 
oi gamsm. 

By the use of tracers it has been 
learned that the liver is primarily re- 
sponsible fox the manuiacture of phos- 
pholipid ( a 1 atty phosphorus compound ) 
in blood plasma, and that thyroxine, the 
iodine-containing amino acid that is so 
important m the functioning of the thy- 
roid, can be manufactured by muscle 
and intestine. Tracer studies have also 
yielded considerable information about 
the absorption of iron in mammals. This 
absorption appears to be regulated by 
the amount of reserve iron in the body, 
particularly in the mucous membrane of 
intestine. From tracer investigations it 
has been deduced that iion m food en- 
ters the gastrointestinal system m its 
higher oxidation state, is reduced m the 
jejunum to its lower oxidation state and 
then is absorbed in the intestinal mucosa, 
where it combines with a protein to syn- 
thesize an iron- containing protein called 
ferritin and is stored in that form. Regu- 
lation of the absorption of iron from food 
by the organism depends on an equilibri- 
um between oxidized iron in blood se- 
rum and reduced iron and ferritin in 
the mucosa. 

Another important tracer research has 
confirmed certain speculations on the 
nature of the process of fermentation of 
carbohydrates in cells; it has shown that 
the major pathway fpr such fermenta- 
tion is a reaction Cycle in which carbo- 


hydiale combines with phosphate to 
lorm ccilain specific intermediates. 

An mquiiy in which tracers have been 
especially helpful is the investigation 
of the biological role of elements that 
living cells use in vanishingly small 
amounts, such as boion, molybdenum, 
manganese, coppei, and so on, The 
functions oi these elements have been 
little undci stood, loi biologists have 
lacked reliable techniques for studying 
them. By the use ol labeled samples 
which make it possible to detect micio- 
scopic amounts of these matcnals, re- 
seaich woikeis have now begun to 
develop considerable data on their ab- 
soiption, retention and excretion by the 
oi gamsm. 

Medical Studies 

In medicine, the application of the 
tracer method is still only in its infancy,, 
but much has already been done. The 
use of uidioactive isotopes in treating 
certain blood disoulcis and some can- 
cels is now loutine. Radioactive phos- 
phate has been shown to have definite 
advantages over X-iays m the treatment 
of polycythemia vcia, a disease oj the 
red blood cells, and ol some types of 
leukemia, the cancerlike blood disorder. 
Radio-iodine is becoming a popular 
prescription for the control of hyperthy- 
roidism. 

In medical research, turner studies 
have already made several invaluable 
contributions. Investigations with tracer 
iron ol the conditions for survival of hu- 
man led cells have improved the method 
of storing blood lor Uanslusions. Tracers 
have made possible accurate measure- 
ments of the blood volume in the body 
under a variety of conditions, langing 
from the noimal condition to that of pa- 
tients m extreme shock. They have jier- 
mitted studies of disturbances in iron 
physiology that attend pregnancy. They 
have shed light on the dynamics of in- 
flammation; tiaccis may even make it 
possible to locate internal sites of inflam- 
mation in the circulatory system with- 
out recouise to surgery. Labeled sodium 
has been used to diagnose disturbances 
of circulation in the small peripheral 
blood vessels, and to test the value of 
various drugs used to dilate or open the 
vessels. 

Valuable as these direct medical har- 
vests are, it seems clear that the most 
profound results of tracer research in the 
coming years will be achieved at the 
fundamental level of biochemistry and 
physiology. Even the most cautious ob- 
servers agree that this research promises 
incalculalxle benefits to mankind. 


Martin Kamen is associate professor 
of chemistry at the Washington 
University School of Medicine. 



MASS SPEfflOMETGR BEAMS are simulated in top to bottom and are bent in magnetic field. Atoms of 
demonstration set up by Westingbouse Electric Corpora- different weight would then strike target at different 
tion. Ionized atoms, represented by electrons, move from places. Example simulated is element with three isotopes. 
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MICROSEISMS 


Tiny waves that do not originate with earthquakes 
have puzzled seismologists. Some have been traced 
to storms, hut this does not tell the whole story 


by L. Don Leel 


S EISMOGRAPHS have been in con- 
tinuous opeiation in various parts 
ol the world for over 50 years. Thus 
we now have a long-term lecord of the 
earth's shakings and quiverings. At first 
the purpose of these observations was 
the study of waves from earthquakes, 
but the instruments were found to be 
recoidmg waves from many other 
sources as well. Spiders, vagrant air cui- 
rents in recording vaults, distant railroad 
tiains, and depth bombs exploded dur- 
ing the war have made then contribu- 
tions, The most remarkable and puzzling 
of these non-earthquake disturbances 
have been the waves known as micro- 
seisms. 

These small tremors, which range in 
period from a fraction of a second to 10 
seconds, are recorded in all parts of the 
world; m the middle of continents, on 
continental shoies, on islands in mid- 
ocean. Present at all times in varying 
degree, the microseisms occasionally in- 
crease to lelatively large amplitudes for 
hours or days at a time; these intervals 
die called microseismic storms. 

The tiny waves have been an object 
of intense speculation among seismolo- 
gists ever since seismographic recording 
began. One of the chief reasons that, 
they still remain an unsolved mycStery is 
the peculiar pattern of wave motion they 
produce. The pattern of waves from an 
earthquake .is systematic. It spreads out 
and changes with distance, but does so 
in a regular manner. A given group of 
waves can be recognized at neighboring 
stations and at equal distances in differ- 
ent directions; it can even be traced for 
thousands of miles in some* instances. 
However complicated earthquake waves 
may become at great distances, they can 
always be traced back to a fixed source 
in some limited - region— practically a 
point in terms of global dimensions. 

This is not true of microseismic waves. 
They. produce a unique pattern at each 
station. At a single station they record 
in groups that suggest patterns of wave 
interference, ahdtbese groups ' usually 
cannot be correlated at, stations paly a, 
few miles apart. The natural conclusion 
from this universal observation is that 
microseisms come from a multiplicity of 
i sources and represent groups of waves 


criss crossing the crust of the earth from 
sevei al dii eelions. 

This chaiactenstic, which left seis- 
mologists with no good toe hold on the 
pioblem of wheie the microseisms ong- 
mated, delayed even the collection of 
direct data for over half a century As a 
microseismic storm develops, it often 
produces practically simultaneous m- 
ei eases m wave amplitudes at stations 
spread over half a continent. Attempts 
have been made to locate the source by 
plotting on a map contains along which 
the microseismic waves at various sta- 
tions are of equal amplitude. Bui these 
efforts have never succeeded in pinning 
down the soui ce in any definite fashion. 
The closest they have come is to suggest 
that m most cases the disturbance origi- 
nates in some large body of water, such 
as a region of an ocean. 

Attention was eaily directed to the 
fact that in many eases there appeared 
to be some con elation between micro- 
seismic stoims and atmospheiic storms 
The fiist plausible hypothesis was pro- 
posed in 1904 by E. Wiechert of Got- 
tingen, Germany, who suggested that 
microseisms were caused by the beating 
. of surf on rocky coasts. The German seis- 
mologist F. Linke m 1903 used micio- 
seisms to pi edict the approach of stoims 
in the vicinity of Apia, Samoa. Support 
for Wiechert theoiy was offeied by 
Beno Gutenberg of Gottingen on the 
basis of investigations m Europe. In 1931 
Gutenberg published the results of a 
similar study for North America. His 
summary, which was widely accepted as 
the final word on the subject, asserted. 

“So we find that, just as in Europe, 
surf due to storm against sleep, rocky 
coasts is the cause of the microseisms 
with periods of four to nine seconds. . . . 
Observations show that neither the air 
pressure, nor its change, nor storm can 
be the cause of the miCroseisms. The 
result of calculations is that no possible 
disturbance near the surface of the ocean 
can be propagated through the water to 
the bottom, but that the energy of the 
* waves transferred by the surf to the coast 
is large enough to cause the movements.” 

The study of microseisms entered a 
new phase with the development of 
methods for determining the direction in 
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which they Ravel The basis of these 
methods was a Uiangulnr system of le- 
coidmg stations. Back m 1884, John 
Milne, a British physicist who became 
one oi the loundeis ol modern seismolo- 
gy while teaching m Japan, had set up 
seismographs at the corneas of a triangle 
on the campus ol the Tokyo Engineering 
College. He supplied them with a cncuit 
lor simultaneous time marks al all three 
stations, and he* endeavored to determine 
the direction oi travel of earthquake 
waves dossing the network. The 4 fust 
experiments were not salislacloiy be- 
cause the stations were too close, buL 
Japanese seismologists later got belter 
results by enlarging the triangle, the dis- 
tance between stations Kinging Irom 
7,500 to 35,750 feet. By selecting a wave 
that could be; recognized at all stations 
of the network, and measuring the time 
of passage of the same phase ol that 
wave at each station, these investigators 
determined the direction ol appioaeh for 
waves from a number of earthquakes. 

T HIS method was first applied to the 
study of microseisms in 1927 by F. 
Kishinouye and N. Nasu of the Umvci- 
sity of Tokyo, They used three portable 
seismographs spaced liom 1,400 to 
3,600 loot apart. They were able to lee- 
ogmze ceitain groups ol microseisms at 
all the stations, but decided the phase 
relationships indicated that the waves 
were “a kind of free oscillation* of a 
block of the earth separated by fissures 
from its sunoundmgs, />,, that the oscil- 
lations were of the type known as sta- 
tionary waves. These observations were 
admittedly inconclusive, lor tlie seismo- 
graphs used recorded only the north- 
south component of the waves. When 
Kishinouye later analyzed other compo- 
nents, however, he did not change his 
conclusion that the microseisms were 
stationary waves. 

The research was pursued further in 
1936 at Gottingen. There H. D. Krug set 
out two portable stations which, with a 
central station, defined a triangle with 
sides approximately 4,500 feet long. 
Such an array is now called a tripartite 
network, or station. With these, he was 
able to trace some of the microseismic 
wave groups across his network and to 



determine the clnection m which they 
were traveling. This method was aimed 
at the heart of the problem. After detei- 
mming a few beaimgs Krug concluded 
that even with the close spacing of his 
stations the recorded patterns differed so 
much at times that they must have been 
the results of interfering waves from dif- 
ferent directions. He calculated that the 
velocity of the imcroseisms across his 
network was 3,600 feet per second, but 
he pointed out that it could not be de- 
termined whether this “unexpectedly 
low value 55 referred to the transmission 
of energy or to the advance of some 
phase of a combined wave 

During the last half of 1938, J. Emilio 
Ramnez of St. Louis University collected 
records from a tripartite network. The 
comers of the triangle were at St. Louis 
University, at Washington University 
approximately four miles nearly due 
west, and at Maryville College about 
the same distance nearly due south. The 
first of these instruments recorded the 
horizontal motion of the waves m the 
north-south chrections, the second re- 
corded horizontal east-west motion, and 
the third recorded hoiizontal noith-south 
motion. 

During the period of Ramirez’s ob- 
servations, the most important atmos- 
pheric storm m the U. S. was the New 
England hurricane of September 21, 
1938. At 7:00 a.m. E.S.T. on Septem- 
ber 19, the center of this storm was 
about 650 miles east-southeast of Miami, 
Fla. Twenty-four houis later it was 300 
miles east of Vero Beach, Fla. On the 
morning of the 21st it was about 75 miles 
east of Cape Hatteras, and moving 
northward at a rate of nearly 60 miles 
per hour. It passed over the south shore 
of Long Island at about 2:45 p.m. and 
swung up the Connecticut River Valley, 
with maximum winds in the dangerous 
semicircle reaching nearly 200 miles per 
hour m Boston. By the following morn- 
ing, it had become an ordinary low-pres- 
sure region north of Ottawa, Canada. 

Ramirez reported microseisms coming 
Rom the center of this vortex beginning 
on the morning of the 20th. They ra- 
diated from the storm’s center as it 
moved up the coast until it ended on the 
22nd. The microseisms reached their 
greatest amplitude as the storm’s eye 
passed Delaware Bay. The seismograph 
stations at Harvard and Weston, just out- 
side Boston, were put out of operation by 
power failures caused by the hurricane, 
but the seismologist Daniel Lmelian at 
Weston had noted the development of 
microseisms while the hurricane was still 
over a thousand miles away. 

Ramirez, who published his findings 
in 1940, reported: ‘'The source of micro- 
seisms is to be found not over the land, 
but rather out over the surface of the 
ocean. The amplitudes of microseisms 
depend only on the intensity and wide- 
spread character of barometric lows 



HURRICANE’S ANATOMY is apparent in Air Force radar photograph 
corresponding to a plan view. “Eye” o£ the hurricane is at the left. The 
whole storm is a low-pressure area. This appears to cause some microseisms. 
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STORM of micro seisins is depicted 
in segment of seismic record. From 
top to bottom* record covers 24 hours. 


liavelmg ovei the ocean - . All the de- 
lei nunecl clnecLiom ol incoming micio- 
seisms at St. Louis point to a deep baio- 
metnc low over the ocean A 

Duiing the war, the U. S Navy estab- 
lished a Humcanc Microseismie Re- 
search Pioject to record and study micio- 
seisms in the Caribbean, primal lly with 
tnpaititc netwoiks and using only hori- 
zontal component seismographs. Mai ion 
H Gilmoie, who was m charge ol this 
piogiam, rcpoited spectacular successes 
m Lacing huineanes duiing 3944 and 
1945 lie also described large micio- 
seisms horn othci souiecs, such as a cold 
iront passing ovei tlie ocean, but did not 
publish directions ol approach loi such 
miei oseisms. 

I N July, 1948, it was announced that 
the Navy had expanded this piogiam 
by the creation ol a Pacific Micioseismic 
Project, with stations at Guam, Okinawa 
and Subic Bay, neai Manila. Gilmoie 
and his associate, William Hubert, re- 
ported that “it is now possible to locate 
accurately the position ol a typhoon by 
the SEISMO method when it is moic 
than 1,000 miles from the Trip iu tile Mi- 
ci oseismic S lalion.” 

Knowledge ol the development, Lack 
and intensity ol typhoons, of which there 
have been an aveiage ol 20 each year 
since 1920 in the western Pacific, is of 
obvious importance to shipping, ah exalt 
and residents ol that paxt of the world. 
It appears that microseisms are already 
very effective in this service, and likely 
to become more so as experience and re- 
seaich advance our knowledge ol the 
subject. The typhoon of June 17, 1947, 
was the fiist storm completely tracked 
with bearings fiom the Navy's Tripartite 
Microseismie Station at Guam. Two oth- 
eis weie tracked in August, two in Sep- 
tember, and four in Octobei of that year. 
Microseismie storms have also been 
traced to other air disturbances; m two 
instances they were attiibuted to winds 
of moderate gale force ( about 30 knots ) , 
m another instance to the low-pi essure 
centei of an extratiopical storm, and in 
several cases to cold fronts. 

These impoitant successes m the lo- 
cation of hurricanes and typhoons have 
not only bi ought mici oseisms to public 
attention but have also led to an accele- 
ration of effoit on the part of seismolo- 
gists to gather the types of data neces- 
sary to leach a decision as to the mecha- 
nism which causes them. In our present 
state of confusion, speculations on the 
cause or causes are primarily academic 
exercises, or at best working hypotheses. 
One of the few points on which seis- 
mologists are m unanimous agreement is 
that we still do not know the cause. 

It is clear by now that the statements 
to the effect that microseisms radiate 
only from the center of a low-pressure 
region were premature and oversimpli- 
fied. Indeed it has not yet been demon- 


strated conclusively and without ambi- 
guity that they evei ladiate irom the 
actual centei ol such a low-piessuic 
area Gilmore, who has collected the 
greatest volume ol tripartite data, de- 
cided that “the tendency ol some wnteis 
to ‘jump to conclusions’ based on too Lew 
data is believed to have caused much ot 
the lecent confusion and doubt sur- 
rounding the line mitme and causes of 
miCToseisms ” He pioved the accuracy ol 
his own analysis by concluding m 1946 
that “dominant micioseismic waves ol 
two- to seven-seconds jicnod originate in 
some manner near the center ol almos- 
phene distui bances,” and in 1948 that 
“piesenl microseismie data show that 
mici oseisms do not always come Irom 
the center ol hmneanos, typhoons, or 
extiatiopical lows ” 

The li ipai Lite method ol determining 
the dneehon of tiavel of microseisins is 
not mhilhble. It has been supposed that 
the direction ol propagation ol the wave 
can be calculated by this method regaid- 
less ol whether il is a true wave of a 
known type or the product of some vciy 
complicated combination ol waves. But 
this view overlooks the laws ol combin- 
ing simple harmonic motions. II two 
simple harmonic waves ol the same pe- 
riod bill different phase pass an observ- 
ing point, they combine to lonn a simple 
harmonic wave of pure form which 
shows no evidence of the combination. 
And the times of maximum and mini- 
mum of the combined wave are different 
from those of eitbei ol the components. 
II the components aie crossing a tri- 
partite network at different angles, their 
phase drffeienccs will shill progressively 
and they will produce a synthetic “wave” 
which will lie clocked at each of the 
three stations of the network but will 
have no physical leality. If two waves of 
different periods combine, the resultant 
wave form will show the presence of the 
components, but again the time at which 
the resultant reaches its crests will not 
be the time at which either of the com- 
ponents does. 

It is therefore desirable to analyze 
microseismie waves and attempt to iden- 
tify a pure wave which may be used as a 
guide to direction. At least two of the 
six known types of earth waves have 
been isolated in mici oseisms. They are 
the so-called Rayleigh waves and Love 
waves. The mechanism by which a Ray- 
leigh wave travels makes it possible to 
determine the direction in which it is 
advancing. A particle m the path of this 
wave moves m an elliptical orbit in a 
plane oriented in the direction of the 
wave's advance. It moves forward and 
upward, then backward and downward. 
Thus if the motion of the earth in the 
path of such a wave is recorded in three 
directions perpendicular to one another, 
the direction of the wave can be deter- 
mined, The writer first proposed this 
method of investigating microseisms in 



1929, and finally made the experiment 
in 1945. 

O N 7 November 14, 1945, a c\ clonic 
storm developed around a low- 
pi essure area at Cape Hatteias. The cen- 
ter of the low moved northeastward to 
the Gulf of St. Lawrence by the after- 
noon of the following dav, and from 
there to regions where it was bevond 
the range of the U. S. Weather Map In 
the early hours of the 15th, microseisms 
began to develop a storm pattern at the 
Haivard Seismograph Station, with the 
Rayleigh waves causing motion m the 
sense: north, up; south, down. Thus thev 
weie coming from the south. As the 
stoim advanced, microseisms reached 
the Harvard station from the southeast, 
then from the east. At the same time 
they continued to come from all pie- 
viously lepresented directions. The\ 
never came from the northeast. After the 
atmospheric storm had moved off the 
weather map, microseisms were still 
coming to the Harvard station from 
south, southeast and east, as well as 
from mtei mediate directions which 
could not be lesolved as clearly. Bv this 
time the only part of the storm system 
that remained m those directions from 
the seismograph station was a pro- 
nounced cold fiont at which there was a 
sharply defined change of air pi essure. 
Presumably the microseisms came from 
the cold fiont. 

In its present development the Ray- 
leigh wave method does not possess the 
desired accuracy in determining the 
direction of microseisms" travel. It is 
reasonable to expect that an ultimate 
solution will be found m a combination 
of the Rayleigh and the tripartite meth- 
ods. With three components recording 
at each corner of a tripartite network, it 
may be that the character of the record 
and wave types can be analyzed in such 
a wav as to spot the occasional isolated 
microseism that passes without interfer- 
ence Rom other directions. When this 
has been done, the direction of its travel 
can be fixed precisely by the relative 
times of its passage at the three corners 
of the network. 

The backlog of unsolved problems has 
not prevented development of practical 
applications of microseisms. They carry 
their messages thousands of miles at 
rates of from one and a half to two miles 
per second, night and day, in fair 
weather and foul. Some of the messages 
are already being interpreted as warn- 
ings of hurricanes and typhoons. Others 
will serve new uses when we crack the 
code. But there is a lot of midnight oil 
yet to be burned before we can write 
the full story. 


L. Don Leet is pro- 
fessor of geology at 
Harvard University . 



MEXICAN EARTHQUAKE of April 15, 1941. produced similar wave pat- 
terns at four different stations. The patterns of microseisms, in contrast, differ 
from one location to another. Microseisms also come from many directions. 



RECORD OF MICROSEISMS made at Harvard University station shows 
variable relationship among three traces. Two heavy curves at left were 
written when low-pressure area was near station. Pattern shifted quickly. 
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The thermal environment of organisms 
is a tiny segment of the thermometer. 
Some forms, however, have penetrated 
forbidding regions of heat and cold 

by Lorus J. and Margery J. Milne 



HOT SPRING in the Upper Geyser Basin of Yellowstone National Park has 
a temperature of 190 degrees FI At left Its temperature is measured. Spring 
Wdaffloh living bacteria, and the travertine rock about it is colored By algae. 



O NE of the facts learned early by 
cveiy child is that hot things hurt 
the skin. At the other extxeme, 
“dry ice 5 ” (solid carbon dioxide) can 
cause bin alike damage to lingers that 
hold it firmly for only a few seconds. The 
range of tolerance of human skin is nar- 
row. A human hand, normally main- 
tained at slightly below 98 degrees 
Fahicnhcil by the circulation of the 
blood, which is healed among the mus- 
cles and thermostated m the bnun, can- 
not stand immoision in water at a 
tempeiatuic of 140 degiees F. for moie 
than a few seconds. Drinking hot liquids 
oflois a close paiallcl. Many throats lebel 
with hiccup spasms if subjected to bev- 
erages above 136 degiees. 

Indeed, life itsell is huddled into a 
short segment of the thermometer, not 
lai above the absolute zero ol temper a- 
tuic. Most animals and plants aie killed 
by continued contact with water at 106 
degiees. Man s life ebbs away quickly if 
his blood heal i caches this fatal point. 
There are many “lessor” cicatures, how- 
ever, that tlnive under such adverse con- 
ditions. They are widespread in the boil- 
ing spimgs and gcysei basins ol Yellow- 
stone National Puik, and in other ther- 
mal waters stwLloicd over this continent. 
These hot liquids hold tremendous m- 
teiest, not only because ol their volcanic 
relationships and spectacular perfor- 
mance, their vaiicly of chemical com- 
positions and temperatures, but also be- 
cause they have been invaded success- 
fully by a curious assoitmenL of animals 
and plants. 

Their temperatures, to be sure, are 
limited to the relatively low maximum 
attainable by water, which normally can- 
not exceed 212 degrees F., and boils far 
below that tempeiaturc at the high alti- 
tudes where many of the hot pools are 
found. Nevertheless there is still loom 
foi man to maivel at animals and plants 
that can Loleiate temperatures so far 
above the normal range. 

Recently we visited western Wyoming 
to make a survey of life in the thermal 
waters of Yellowstone Park. Aimed with 
a thermometer, a permit from the super- 
intendent, a pair of long forceps and 
other collecting gear, wc stepped gin- 
gerly to the edge of pool after pool, and 
followed the small streams, hotter than 
bath water, which lun oil fiom the 
springs and geysers and cool in the open 
air. While many of the steaming pools 
gave no obvious sign of being inhabited, 
the pastel colors of the bottom mud told 
us that microscopic plants must be living 
there in great numbers. Too torrid for 
animal life, these hot springs often were 
spotted with floating dead insects that 
had been interrupted in their flight by 
the rising steam and had fallen in to 
drown. The hot water quickly stopped 
their struggling. Occasionally a tourist's 
dog meets the same fate when the owner 
ignores the Park Service rule and slips 


its leash. The excited canine jumps to an 
almost instantaneous death— violently 
emphasizing the point that the presence 
of a few special kinds of plants is no indi- 
cation that other forms of life can survive 
the heat. 

Some green plants grow m hot springs 
at 145 degrees F., and forms devoid of 
time chlorophyll exist at 162 degrees. 
Some m alkaline, silica- charged waters 
have been leported tolerating 194 de- 
grees indefinitely. At the altitude of 
Yellowstone Park, this is approximately 
the boiling temperature of water 

At 150 degrees and just below, most 
pools contained a pale grav-green bot- 
tom cover of algae. Gas bubbles col- 
lected below this mat of mateiial. In 
many places the algae had grown up- 
ward m long fingers, suggesting the 
4 mineral gardens’* that some people pie- 
pare as table decorations. We could not 
be sure whethei the gas was of volcanic 
origin or was oxygen liberated by the 
green cells m the sunlight as a by- 
product of their photosynthesis. Re- 
search reports suggest that much of the 
gas is oxygen 

I N water at 120 degiees we found 
bright red “bloodworms” in the gray 
mud below the algal mat. These are the 
young of certain midges that resemble 
mosquitoes or miniature crane flies. They 
aie red because they have time hemo- 
globin m their blood. The bloodworms 
are among the few msect larvae known 
which can thrive where oxygen is prac- 
tically absent. Through tricks of chemis- 
try they manage to bridge long periods 
of adverse conditions that would suffo- 
cate almost any other animal. Here they 
were in the hot water, occupying an- 
other niche where few 7 forms can live. 
The adult insects lack the red color. They 
land on the water surface, and no doubt 
drop their eggs from this precarious posi- 
tion. 

We found other bloodworms that had 
lost both their hemoglobin and their 
lives. They were stiff and brittle— coagu- 
lated like the white of an egg. We probed 
the bottom where they lav, using our 
thermometer to disturb the algal mat. In 
that spot the stream was fully 10 degrees 
hotter than elsewhere, due to the inflow 
of liquid from another hot spring; the 
rise of temperature must have caused 
their death. 

Where the runoff streams had cooled 
to 115 degrees F., and m pools with this 
surface temperature, we located more 
live bloodworms and an occasional gray, 
leathery, telescoping larva that we recog- 
nized as a juvenile soldier fly. At slightly 
lower temperatures were a few large 
brown mites— relatives of ticks and 
spiders— about an eighth of an inch in 
length. For mites, they were huge. 

When we came to waters around 110 
degrees, the water surface and adjacent 
soil were spotted with active little flies. 


Then young scavenged the hot streams 
and shallow edges of the pools. We tried 
to catch some of the alert adults by 
sweeping a net over their resting place. 
Ordinarily insects take fright and fly up 
into the approaching cotton bag. But 
these flies dung to them places or waited 
until the net was past, and then flew 
uwa\ We watched them for a while and 
discovered an enemy catching fai more 
of them than we could. A tiger beetle, 
with an mconspicuous brownish back 
and a bright led abdominal undersur- 
face, rushed at the little flies with scimi- 
tar jaws spread wide and often caught 
them before they jumped away. The 
beetles flew before our footsteps Ap- 
parently their chief food along the hot- 
spring runoff streams is this little fly— a 
“brine fly" of the genus Eplujdra. 

The brine fly is one of the most adapt- 
able of animals. We had met it before in 
tidal pools among the rocks of the 
Maine coast, and it has been reported as 
thrivmg in the vats at saltworks where 
the waiter is saturated with sodium chlo- 
ride. A relative of the brine fly lives in 
petroleum pools, and feeds on other in- 
sects that fall into the poisonous oil and 
die there. 

Slightly cooler water, though still 
above human blood temperatures, con- 
tained many more kinds of living things, 
mosquito wrigglers, diving beetles, cad- 
dis w T orms, water snails of the left-hand- 
ed genus Flujsa. Shrimplike Gammarus 
were there, scudding along the bottom 
with pale flat bodies that reminded us 
of relatives of theirs found m cool ponds 
m New Mexican lava beds, in New Eng- 
land streams, and along the shallow 
shores of the Great Lakes. “Water boat- 
men" of small size swam jerkily or rested 
on the green bottom of the spring in such 
numbers that they suggested an aerial 
view of New York’s Central Park on a 
Sunday afternoon with crowds sitting on 
the grass. 

A S we looked into water of lower and 
. lower temperatures, all of the nor- 
mal aquatic animals appeared. Fish were 
among the last, and the only place we 
found them in association with hot 
springs was in a cool pond that had a 
source of thermal water at one side. The 
fish were along the opposite shore. Ap- 
parently they cannot stand the higher 
temperatures. 

Almost all of the plants in thermal 
waters are bacteria or seaweedlike algae. 
Some of the former gain their living 
through a very complex chemistry, in- 
volving sulphur or iron compounds such 
as stain some hot springs and create 
bright crusts around the margins. These 
and a few of the algae precipitate the 
lime from hot water and make of it a 
kind of porous rock called travertine; 
they often build great terraces in this 
way. Others have a similar effect on sili- 
ca-charged waters and produce a glassy 


sinter. These chemical reactions are sub- 
stitutes for, or piedecessors of, the 
piocess of photosynthesis by which most 
plants live. Most of the blue-gieen algae 
in hot waters and green algae m slightly 
cooler ones seem to require sunlight, as 
do green plants at normal tempeiatures. 
With very few exceptions, the living 
things, both plant and animal, that sur- 
vive in hot water differ little from those 
found at ordinary heat levels. They exist 
there not because of the high tempera- 
ture but in spite of it. And most of them 
belong to gioups of creatures that else- 
where show much adaptability to 
strange modes of life. 

M ANY tenestrial animals and plants 
that never go near a hot spring live 
m climates that occasionally pioduce 
temperatures high enough to cause 
burns In order to survive, these non- 
aquatic forms must be able to find refuge 
from the heat by burrowing in the 
ground, or must cool themselves by 
evaporation. Most plants and manv ani- 
mals employ the latter technique. Every 
unit of water evaporated from the living 
tissue removes enough heat to cool a 
hundred units of water m the tissue by 
10 degrees F. But where water is scarce, 
this method of refrigeration is not safe; 
the organism must find some other means 
of self-preservation. 

Plants may drop then leaves, even die 
down to the ground, and conserve life 
m then roots in the cooler depths where 
the summer sun cannot reach. This m a 
sense is buirowing too. Or, like the cacti, 
they may abandon ordinary leaves, 
from which water evaporates, and store 
water in fleshy stems covered with a 
waterproof skin— their leaves are con- 
verted into spines which keep thirsty 
animals away. The excess temperature 
gamed by the cacti during a sunny day 
is radiated off again at night to keep the 
plant within its range of tolerance. In 
some plants watery solutions, circulating 
between sunlit and shaded regions of the 
plant, distribute the calories so that no 
part becomes too hot. When this process 
fails in a dying tree, insect invaders be- 
neath the bark may be cooked by sun- 
light they never see. In such a case the 
temperature under the sun-baked bark 
may reach levels comparable to that of 
desert sands, even when the trunk stands 
in an open glade of a noithem forest. 
The insulating layer holds in the heat 
gained from the sun, and up goes the 
temperature. 

Animals that live in deserts run a 
constant risk of death by heat. On this 
perilous borderland lives the horned 
toad, a ubiquitous inhabitant of the great 
arid areas of western North America. It 
survives in deserts where the summer 
sun bakes the surface sand to terrific 
temperatures and the air itself reaches 
well over 100 degrees even in the shade. 
Homed toads like heat. They operate 
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A FEW STRANGE CREATURES ih at exist at extremes 
of temperature are shown in these six drawings. Gryllo - 
blatta (1 ) is an insect that lives in cold soil near glaciers. 


The isopod crustacean Exosphaoroma thermo philum 
(2) lives in hot springs. The laiva of the soldier fly (3) 
is found in relatively cool warm springs. The amphipod 


most efficiently around 102 degices; and 
at 80 degrees, when man begins to mop 
his sweaty brow, these lizards axe too 
cool to function properly. But their opti- 
mum temperature is very close to their 
limit of tolerance. A temperature of 106 
or 107 degrees is fatal to them. In the 
heat of the day they escape by burrow- 
ing underground. When the sun diops 
lower in the afternoon sky and the sands 
radiate some of their excessive heat, out 
pop the homed toads again. They scamp- 
er about catching insects. The toad even 
prolongs its active day by deliberately 
tilting its body so that the flattened back 
will be at right angles to the sinking sun 
and collect as much of the radiant heat 
as possible. When night falls, reptiles 
such as the horned toad become much 
less active. 

Birds and mammals are a good deal 
more adaptable. They possess a thermo- 
static control in the brain which re- 
sponds to any cooling of the blood by 
making various internal muscles con- 
tract a little. The contraction uses stored 
food and oxygen and liberates the en- 
ergy as heat. The heat makes good the 
losses from the animal's blood to its sur- 
roundings, so that its temperature stays 
at an even level. Birds may also fluff 
out their feathers, and mammals may 
elevate their fur a little, to trap air next 
to the skin for insulation. 

Warm-blooded animals also have in- 
genious mechanisms for adjusting them- 
selves to the heat when the surrounding 
air approaches or even passes the tem- 
perature of their blood. Birds are equip- 
ped with long tubes which extend from 
their lungs into the viscera and even 



the chief sites of heat production. When 
a bird inhales, the tubes are filled with 
air, when it exhales, the tubes collapse. 
The expelled gas caines away the heat 
the bird must dispose of to keep its body 
at its normal temperature of 101 degrees 
With the gas goes some water vapor- 
evidence of evapoiation which has 
helped m the cooling. 

Mammals depend more on evapora- 
tive cooling, and many have developed 
abundant sweat glands in the skin from 
which to ooze water taken from the 
bloodstream. They may put out a drip- 
ping tongue and pant as a dog does, or 
perspire in other areas according to 
their kind. A cat has sweat glands only 
on its feet. A horse has them well de- 
veloped over most of its body. A camel 
withstands the desert temperatures by 
radiating through an unusually thin skin. 
Its stoie of fat is concentrated in its 
hump (two humps in the dromedary) 
instead of being distributed over its body 
as insulation. 

That the ability to perspire is not 
developed sufficiently in many mam- 
mals to ensure their survival is shown 
by exposing test animals to high tem- 
peratures, such as the 120 degrees to 
which the air m Death Valley rises daily 
in summer. Man can survive such heat, 
but a rat dies in 32 minutes. Guinea pigs 
last an horn. 

M OST of the investigation of these 
problems was the result of certain 
experiences of troops during the recent 
war. Maneuvering in tropical marsh- 
lands, men began to fall out from what 
seemed to be heat shock, although the 
air temperatures were not excessive. It 
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was discovered that their pi os tuition was 
due to wading in the shallow hot watei 
of the swamps. Laboratory tests weie 
then unclei taken to seek a possible lcun- 
edy. 

It was found that if the body of a rat 
is kept at a comfortable temper atuie ol 
68 to 70 degrees and its feet arc im- 
mersed up to the knee joint m water at 
113 degrees, the animal dies m less than 
thiee houis. Guinea pigs are not killed 
unless immersed to the joints between 
legs and body— the equivalent of a man’s 
hips. The symptoms are those ot heat 
shock, but they are not produced by a 
geneial rise in body temperature. Nor is 
such water burning hot, at least by hu- 
man standards, for the temperature ol 
an ordinary ‘‘hot” tub bath is 107 de- 
grees and people often bathe in even 
hotter water without fatal results. 

Apparently living tissue, when dam- 
aged by mangling, by lack of oxygen, or 
by higher than normal tempei atures, 
produces a toxic material that can sicken 
or kill the whole animal. The toxic sub- 
stance-unidentified as yet— produces the 
shock symptoms. While research in this* 
field is still inconclusive, the chief source 
of the poisonous substance is suspected 
to be muscle tissue. No means has been 
found yet to avoid the consequences ol 
such high temperatures. The effects heie 
described are known to be quite diffei- 
ent from the familiar loss of blood salt 
through excessive perspiration, winch 
can be remedied simply by taking salt 
tablets in copious amounts of water to 
cancel the deficit. 

Molds and bacteria are a great deal 
more resistant to heat than higher forms. 
Often they cannot be killed even by 




crustacean Gammarus limnaeus (4) dwells in a wide in pools which are both warm and extremely salty. The 
variety of thermal environments, from warm springs to pond snail Lymnaea palustris (6) has been found in 
cold arctic ponds. The brine fly Ephydra (5) can live warm springs that possess a high content of sulphur. 


boiling water except under pressure. In 
a pressure cooker or sterilizing autoclave, 
when the pressure is raised to double 
that of the noimal atmosphere (ie , 30 
pounds instead of 15 pounds per square 
inch) and steam is allowed to drive all 
air fiom the container, the tempeiature 
rises to 250 degrees. Under these condi- 
tions bacteria and other harmful organ- 
isms succumb m less than 15 minutes. It 
is not the 250 degrees temperature alone 
that kills them, bacteria can survive al- 
most an hour at 320 degrees if the air 
around them is dry. But m live steam at 
250 degrees they are destroyed because 
they cannot release their watei . 

Most mammals must hold their body 
temperatures within very narrow limits 
to remain healthy. In a human being a 
fever of 102 degrees involves a speeding 
up of chemical activities in the body by 
almost 25 per cent, and a drop to a 
“subnormal” 96 degrees means a 20 per 
cent decrease in the rates of vital proc- 
esses. Yet a bear or a bat in hibernation 
lives at a temperature only a few de- 
grees above the level of its cave oi den, 
perhaps 40 degrees FJ Living on stored 
hits and oils, these torpid animals can 
slow then* metabolism to 10 per cent of 
the normal rate. Most cold-blooded crea- 
tures react in the same way, they can 
even relapse into a hibernating sleep for 
a single chilly night. 

At hibernating temperatures, neither 
mammals nor reptiles are capable of ac- 
tivity. Still, just as there are a few ani- 
mals that can live normally in hot 
springs, so there is also a scattering of 
creatures that manage to live active lives 
at the temperature of melting ice, 32 
degrees F. The snow flea, a tiny black 


pest of the maple-sugar country, lives 
largely on the snow. Bv night the msects 
freeze, by day they frisk about. The 
special mechanism that enables them to 
be active at such temperatures is not yet 
undei stood. On the banks of streams and 
rivers m early spring is found another 
small, hardy insect, the wingless black 
stone flv, which mates, lays eggs and 
dies on the ice. Members of other groups 
aie active too; one of them is the rare 
wingless scorpion fly, Borcus , named ap- 
propriately after Boreas, the Greek god 
of the north wind. 

At this season each year some people 
are surprised to see large areas of snow 
fields turn suddenly pink or even red. 
They acquire tlierr color from myriads 
of micioscopic plants that can be active 
and multiply in spite of the low tempera- 
ture. “Red snow” is due to a bright mask- 
ing pigment that these simple algae 
contain m addition to green chlorophyll. 

O N snow fields and glaciers down the 
ciest of America from Alaska to 
Mount Rainier in the state of Washing- 
ton live diminutive, soft-bodied relatives 
of the earthworm— the “glacier worms.” 
In a 2,000-year-old lava field m the New 
Mexican desert west of Albuquerque 
there are algae that live at the freezing 
point of water. Some parts of the field 
have shallow caves, five to 30 feet deep, 
in which water collects from the melting 
of winter snow. A few of these caves re- 
tain winter’s cold throughout the sum- 
mer, their floors are smooth, clear ice. In 
one cave, which has a rough window m 
the lava roof through which the noonday 
sun sends a narrow shaft of light, the 
suns rays daily melt a basmlike pool in 


the ice. The water is pale green, with 
thousands of single-celled plants that 
make use of the sunlight and the cold 
water. They form green rings m the ice 
that show how the path of the sunlit 
patch changes as the earth swings in its 
orbit around the sun. 

Most famous of all dwellers in this 
lealm of low temperatures aie a univer- 
sally known plant and an insect well 
known to scientists The plant is edel- 
weiss— an Alpine flower withstanding the 
nightly frosts at high altitudes. The in- 
sect is Gnjlloblatta, found among the 
glacial debris near Lake Louise in the 
Canadian Rockies. Gnjlloblatta looks 
like a cross between a cricket and a cock- 
roach. In its architecture are features 
that have remained unchanged since the 
dim geological time when insect kinds 
were fewer and far different. Early in its 
ancestry, this strange creature became 
adapted to living under stones wheie the 
temperatures stay close to the freezing 
point. It remained on ice, both literally 
and figuratively— a living fossil from 
which has been learned a multitude of 
details that help us to understand the 
biology of early insects. Gnjlloblatta has 
carried its ability to withstand low tem- 
peratures to an extreme met in few ani- 
mals. It can no longer tolerate heat in 
the normal range of insect activity. 
Placed on a human palm, it “burns” to 
death within a few minutes. 


Lotus J. and Margery ]. Milne, whose 
articles have appeared previously in 
this magazine , are respectively asso- 
ciate and assistant professor of zoology 
at the University of New Hampshire . 
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Three Mysteries 
of Easter Island 


In which the symbols of the enigmatic 
Polynesian culture are investigated by 
the methods of the modern psychologist 


by Werner Wolff 


O N the morning of Easter Sunday in 
1722, the Dutch explorer Jacob 
Roggeveen landed on an un- 
charted, thickly populated island m the 
Pacific 2,000 miles due west of the Chil- 
ean coast and 1,100 miles southeast of 
Pitcairn, the nearest inhabited island. 
Roggeveen called his discovery Easter 
Island. He found a lava-covered strip 
of land 13 miles long and seven miles 
across at its widest point, practically 
destitute of vegetation, hemmed in by 
extinct volcanoes and piecipitous cliffs 
1,000 feet high, and coveied with a 
weird profusion of ancient human relics 
which ever since have remained one of 
the principal puzzles of anthropology. 

The most spectacular of Easter Island’s 
mysteries is the multitude of gigantic 
stone statues, 30 feet tall and weighing 
50 tons or more, which lie scattered over 
the island like seeds tossed at random 
from some giant’s hand. The meaning of 
these statues with long ears and shape- 
less bodies is itself an enigma. Even moie 
baffling is the question of how the mas- 
sive objects were moved from the vol- 
cano crater, where they appeal to have 
been manufactured, to the various sites, 
some of them atop high cliffs, where they 
were found. 

Decade after decade even more in- 
triguing material has been uncovered on 
Easter Island— by W. J. Thomson leading 
an American expedition in 1886, by Mrs. 
Scoresby Routledge of a British expedi- 
tion in 1914-16, and by A. Metraux and 
H. Lavachery of a French expedition in 
1934, They found wooden tablets with 
hieroglyphics that have never been satis- 
factorily deciphered, carvings in rock of 
creatures half bird and half man, wooden 
idols 20 to 30 inches high. 

The three basip questions posed by 
these strange relics are: What was the 
r 1 origin of the Easter Islanders and their 


culture? What is the meaning of their 
hieroglyphics and symbols? What is the 
answer to die enigma of the statues? 

To these questions I have attempted 
to apply a new approach— a psychologi- 
cal culture-analysis suggested by the 
methods used in the psychological in- 
vestigation ol individuals. The essence 
of this approach is a search for the na- 
tives’ associations with each symbol, ancl 
an attempt to find in these associations 
common denominators that may reveal 
the Easter Islanders’ view of life and the 
world. For instance, the form and size 
of the Easter Island statues cannot be 
considered accidental. The statues must 
be interpreted as symbols in a larger con- 
text; they are like images m a dream 
which must be analyzed in relation to 
other associations. 

In attacking the problem of decipher- 
ing the Easter Islanders’ symbols we are 
assisted by a net of relationships among 
the natives 5 chants, ceremonies and in- 
scriptions, and the similarity of their 
language to others. We have much com- 
parative data from other Polynesian is- 
lands, with which Easter Island appar- 
ently had a cultural connection, and, as 
we shall see, there are similarities to 
more distant cultures. 

The wooden script tablets on Easter 
Island are called kohan rongo-rongo, 
generally translated as “singing wood.” 
They were supposedly brought to the 
island by a king named Hoatumatua, 
probably around 800 A.D. The natives 
tell of an ancient yearly ceremony per- 
formed by singers called rongo-rongo 
men. Wearing feather headdresses, they 
sat in rows facing the king and chanted 
the text of the tablets. 

In this ceremony we find a common 
denominator in the feather headdresses 
of the singers and the added |act that 
, each singer received from the .king a 



FAMOUS MYSTERY of Easter Is- 
land is the great stone heads scat- 
tered on the slope of the volcano 



Rano Raraku. Many of the heads are unfinished; some although the author offers a theory. An island legend 
lie in the places where they were quarried. How they relates that a group known as the Short-Ears made the 
were transported to their various locations is not clear, heads to commemorate a group they had massacred 











ROCK CARVINGS of Easter Island were one source of been deciphered, they could he compared with other 
the symbols interpreted hy psychologist Wollf. When symbols. This process illuminated some of the motives 
the meaning of the island’s hieioglyphics (below) had that impelled curious cultural behavior of the islanders. 



HIEROGLYPHICS of Easter Island have some similari- ately distorted its meaning. The interpreter, however, 
ties to the Egyptian. First attempt to translate a tablet composed a dictionary that was perfectly clear. This was 
bearing them failed because a native interpreter deliber-* successfully used by the author to decipher the tablets. 



chicken. The symbol of a bud is further 
expressed m an annual spring egg hunt 
mound one of Easter Islands volcanoes, 
m which the singers took part. The 
finder of the new egg received the pre- 
ceding year’s egg, which had been 
buried inside a gourd in a cranny of the 
volcano The hunter, called a bird-child, 
had hieroglyphics painted on his back 
similar to those on the backs of the 
statues and on the wooden tablets. A 
native interpreter has explained this 
glyph as a sign for the sun. The hunter 
also was required to shave his head and 
paint it red— another svmbol for the re- 
newal of the spring sun. All these indi- 
cations have led us to interpret the cere- 
mony and the chants as a ritual of re- 
birth. 

This interpretation is supported by 
the fact that the reading ceremony was 
held near the aim or burial place. The 
name of the tablets, kohau wngo-iongo, 
itself suggests a relationship to death, 
for kohau , wood, also means the shaft of 
a lance, and a similar word, kohu, means 
shadow or obscurity. Thus the tablets 
seem to be related to rebirth m the same 
sense as was the Egyptian Book of the 
Dead. 

T HE fiist attempt to decipher the 
Eastei Island tablets was made by 
Tepano Janssen, Archbishop of Tahiti, 
who began the task m 1868. He was as- 
sisted by a native interpreter named 
Metoio Tourara. Metoio informed him 
that the reading of a tablet started at the 
bottom from the left, followed the next 
line from light to left, and proceeded in 
that serpentine fashion up the tablet. 
This system, known m several ancient 
civilizations, is called houstrophedon 
(meaning as one leads the oxen when 
plowing) . It permits the reader to follow 
the lines without interruption. Metoro 
interpreted the hieroglyphics on one 
wooden tablet to provide a dictionary. 
He also translated the tablet, but the 
translation completely puzzled Jaussen. 
In publishing it he observed. “One has 
to resign, there is no sense m it ” 

I discovered this translation in Paiis 
m my search for documents on Easter 
Island, and decided to re-examine it 
from a psychological point of view. It is 
well known that many primitive peoples 
are secretive about their tribal traditions 
and resist efforts of strangers to decipher 
their writings I considered the possi- 
bility that Metoro may have cleverly mis- 
led Jaussen. To test this assumption I 
compared the dictionary of glyphs with 
Metoro’s translation and a photograph of 
the tablet. 

It appeared that Metoro had given the 
correct meaning of the glyphs in many 
cases, at least where the meaning could 
be deduced by a stranger from the form 
of the symbol. His statement that the 
tablets were read by the houstrophedon 
method also seemed to be correct, for 


the glyphs m successive lows appeared 
as figure reflections would appear m 
water, head meeting head. The meanings 
given bv Metoro for the glyphs in the 
fiist three rows appeared to be accurate 
—as far as they went. Yet the chant he 
translated from the entire tablet certain- 
ly did not make sense. Furthermore, it 
was shorter than it should have been ac- 
cording to the number of glyphs. 

A close comparison of the dictionary 
definitions with the glyphs in the first 
three rows of the tablet and with Me- 
toro’s translation of the chant revealed 
that he had omitted some of the glvphs, 
varied the meaning of others, inserted 
“translations” of others which were not 
present, and, to ciown the deception, 
had translated only one row of the 
tablet 

In his dictionary, however, Metoro 
appears to have given the true meaning 
of the glvphs. When I used these mean- 
ings to translate the fiist thiee rows, I 
obtained thiee coherent, intelligible 
chants, which are consistent with con- 
cepts in the spoken language of the 
Easter Islanders. The translation of the 
first line is: 

He lives in heaven , on earth, land of 
Hoatumatua , [he] lives , he lives in heav- 
en, on earth . [On] earth, the eldest 
prince lives [on] a boat The younger 
brother , the child, he is gone to heaven , 
on earth, the land of Hoatumatua, the 
brilliant . He is gone to heaven , on earth 
[On] earth the eldest prince , the biil- 
liant , the father is sitting on his tin one. 
The child is joyous in heaven. The bird 
flies [over] the earth. Man eats, lives , 
man is at ivoik, man is at work. The fowl 
flies [over] the billows, the fowl flies 
[over] the tilled soil , the fowl flies, lives . 
The king, man lives, the children. The 
child [on] earth he has left. 

At first glance the chant appears 
strange. Compared with the old Egyp- 
tian chants, however, it is a model of 
clarity. If it were translated idiomatically 
instead of literally, glyph by glyph, its 
meaning would emerge more clearly. 
Certain details of the chant are cor- 
roborated by legends of the island. One 
tale relates that Hoatumatua, the first 
deified ancestor-king, was looked on as 
the mediator between heaven and earth. 
The allusion to the boat on which he, the 
eldest prince, is living seems to refer to 
Hoatumatua’s arrival on the island by 
boat. 

T HE next question that arises is: What 
common elements can be found in 
the tablets and the statues? 

Clues to the meaning of the statues 
may be sought in the folklore and cus- 
toms of the islanders. Most of the statues, 
which were carved from lava stone, were 
found in and around the crater of the 
largest volcano on the island. Their po- 
sition, and the distinctive long ears that 
characterize the figures, may be ex- 


plained by an island legend The legend 
says that from the first immigrants to the 
island there descended two tribes: the 
“Short-Ears,” descended from Hoatuma- 
tua, and the “Long-Ears,” from Machaa, 
his younger brother. After a time the 
Long-Ears became clannish and settled 
on the top of the volcano, wheie the 
workshop for caivmg the statues was lo- 
cated. They ruled the Short-Ears for a 
while, but after one of their number 
killed and ate 30 boys of the Short-Ears, 
the Short-Ears slew all the Long-Eais 
and took over the workshop of their 
former masters. 

Thus the statues may commemorate 
the long-eared ancestors. But why were 
these ancestors idolized as statues after 
they had been muidered as enemies? 
According to all observers, the natives 
on Easter Island believed themselves to 
be constantly under the influence of the 
spirits of departed souls. The fear of 
death was always present. The statues’ 
position at the burial place connects the 
ancestors with the concept of death. The 
natives’ fear that the murdeied clan 
might take revenge on them might have 
induced them to construct the statues 
for appeasement. 

Some of the statues have carvings of 
birds on their backs. The natives’ name 
for statues, moai, which has never been 
explained satisfactorily, seems to con- 
nect the symbol of the bird with that of 
the ancestor. Moa means bird, and the i 
in moai is the common Polynesian root 
foi ancestry In Polynesia and Central 
America the souls of the departed often 
were lepresented as birds. Bird designs 
cover the walls of the “Eat-Men-Cave” 
on Easter Island where cannibalistic 
feasts were held. 

The bird ceremony on Easter Island 
seems to explain why the bird was 
selected as a symbol of the depaited 
soul. This ceremony celebrated die ar- 
rival of spring. The bird was not only a 
symbol of the soul but also of the sun, 
which is depicted as a firebird m ancient 
religions of the Old and New Worlds. 
The bird ceremony appears to have been 
a prayer for revival of the sun and of 
man’s spirit after death 

The idea that life feeds upon death 
was expressed m Polynesia by die sea 
bird, symbol of life, which lives on the 
fish, symbol of the victims of human sac- 
rifices and of death. Life was supposed 
to be an energy, mana, which could be 
ingested by eating human flesh. The life 
energy could also be stoied in stones, 
which were particularly good receptacles 
because of their durability. The Easter 
Islanders had so-called mana stones 
which were carried as charms in haz- 
ardous enterprises. The statues, then, 
appear to have been repositories of mana 
that was extracted from the victims and 
offered to the ancestors as a gift of eter- 
nal life in appeasement for their murder. 
In some way the statue was also the 
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token of the flying bird, whose flight was 
a symbol of the evei -moving energy of 
life. 

These concepts can be discovered all 
through Polynesia and Central Ameiica. 
Mexican manuscripts, for example, show 
that the sun was fed by the hie force 
contained in human hearts, which were 
offered to die gods on stone pyramids. 

Yet the transportation of the statues 
remains a gieat nddle. Thomson was 
“unable to arrive at any satisfactory con- 
clusion as to how the immense statues 
on the upper tier of the woiks could 
be moved to the plain below/’ Mrs. 
Routledge found a statue on a natural 
eminence, one side of which was a sheer 
cliff and the other a slope as steep as a 
house roof. Some students of the pioblem 
have suggested that the Easter Islanders 
may have hauled tire statues by means 
of rollers and ropes ovei old roads that 
may long since have been obliterated. 
But some of the figures are on heights to 
which no roads could have led, and the 
island has always been lacking m wood 
01 any malenal from which eithei rollers 
01 ropes might have been made. Moie- 
ovei, it is impossible to explain why the 
statues, made of friable lava stone, did 
not crumble or break when they were 
moved. There aie other aspects that have 
bewildered in vestigatois. The statues are 
strewn about in no particular Older. 
Some lie on their faces and some on their 
backs. Many are unfinished. One hun- 
dred fifty-seven statues are still m the 
quarries where they were cut, lying “in 
the least accessible places,” as Metraux 
observed. 

Most striking of all is die fact that the 
work on the statues appeals to have 
stopped abruptly. The sculptors left the 
images in all stages of construction. 
They must have left hurriedly, leaving 
behind some of their tools— stone chisels 
that resemble paleolithic hand axes 
found in Europe. It seems likely that 
their work was inteirupted by a sudden 
eruption of the volcano. 

All this suggests that die transporta- 
tion of the statues was related somehow 
to volcanic activity. The sculptors may 
have found a way to use the volcanic 
forces to move them. This theory is 
strengthened by the fact that all the 
statues are partly buried m volcanic 
ash, Some natives reported, according to 
Mrs. Routledge, “that the statues were 
set up to be finished.” Thus it seems that 
the statues may have been carved m the 
rough in die crater, transported by the 
volcano’s eruption and finished in the 
places where they fell. Many statues, 
however, lie there m a broken state. If 
the hypothesis of volcanic transportation 
is accepted, it at once becomes possi- 
ble to account for many of the other mys- 
teries— the location of the workshop in 
fibe !crater, the scattering of the great 
m, ^^p masses of stone, the strange posi- 


tions andheltei-skeitei disoidci m which 
they were found. 

Oui theoiy gets some support from 
the language, folklore and symbolic sys- 
tem of the natives. The statues were 
given names that refer to fly mg biids. 
One statue has the name Viri-vui-mocn- 
a-taka . Viri-oiri means to roll, moa means 
fowl, taka means wheel. The Easter 
Island legends say that magicians moved 
the statues by supernatural power 
( mana ) and that the statues “walked” 
hom die ciatei. The natives exhibit one 
big lava block as the fust image that was 
made. It resembles a gieat lump of lava 
ejected by an eiuption. 

T HE stone statues appear to have 
been a focal clement m the natives’ 
conception of die world. The statues 
were consideied to have been bom 
from the volcano, which was regaided 
as the womb of the earth. The Easter 
Islanders called the volcanic island itself 
Pi to Te llenua, meaning “Navel of the 
Eaith,” Mana , the energy of life, was 
assumed lo have its source in the flaming 
volcano, and it can. led the statues 
through the air like fly mg birds. The 
most common biid on the island, the 
tern, actually nested in the ciatcr. Man’s 
life was considered a paiallel to the 
bird’s flight over sea and soil. Thus all 
the data— the tablets, the chants, the 
statues, die ceremonies— can be woven 
mto a single carpet of images which 
presents a coherent, consistent explana- 
tion of the Easter Islanders’ culture. 

The key concept of this culture is the 
concept of death It is significant that 
the first immigrants under Hoatumatua 
came from an island named Marae-toe~ 
h(in, the literal meaning of which is “The 
Buiial Place.” This traditional migration 
from a “Burial Place” to an island of 
life, the “Navel of the Earth/’ was cele- 
brated in many ceremonial acts. 

There remains the most mteiestmg 
question of alb Where did the ancestors 
of the Easter Islanders originate? Many 
legends of peoples m the Americas and 
in Polynesia tell of a Great Migration 
across the Pacific. When the first mis- 
sionaries came to Mexico they were im- 
pressed by the similarity of pyramids 
they saw there to those of Egypt. The 
great 19th-century German explorer 
Alexander von Humboldt was struck by 
similarities in the language of Mexico 
and of ancient European cultures. Art 
objects typical of Melanesia and Poly- 
nesia have been found in Peru, in Chile 
and in Colorado, 

Where do the Easter Islanders stand 
m this presumed migration? A most im- 
portant piece of evidence was discov- 
ered by Guillaume de Heveszy of 
France who detected likenesses be- 
tween the hieroglyphics of Easter Island 
and an ancient script found in the Indus 
Valley of India. The Indus script, in turn, 


showed similarities to the picture wntmg 
ot the Babylonians. Because the meaning 
ol the Eastei Island glyphs and oi the 
Indus scupt was unknown, no definite 
piooi of a cultural relationship could be 
established. But the tianslation of Easter 
Island’s hieroglyphics now makes possi- 
ble a direct comparison of these wntmgs 
with those of other ancient civilizations, 
a study which led me to the disco veiy 
ol a close correspondence between the 
glyphs of Easter Island and of Egypt. 

Then symbols aie often similai, not 
only in form but also m meaning. The 
snnilaiitics aie so numerous and so de- 
tailed, m moie than 80 glyphs, that they 
cannot be explained by chance. And 
since these siinikuitics also lefer to ab- 
stract concepts, they cannot be explained 
by common human cxpci lenccs. Such 
concepts as God, good and to write, for 
instance, arc leprcscnled by closely simi- 
lai glyphs m both cultures. Some hieio- 
glyphics similar in form have different 
meanings in Egypt and Easter Island, 
but these difleiences can be explained. 
For instance, an Eastei Island glyph 
which is translated as mata no ie henna , 
“the eyes of die earth,” resembles an 
Egyptian hieroglyphic meaning grain of 
coin, oi seed. “Eyes of the earth” can be 
explained as the seeds which, upon gei- 
mmaling, symbolize die opening ol the 
eyes of Mother Earth, gazing at the sun. 

M ANY other symbols, such as the 
strange combination ol sun bird 
and earth seipent, aie found m the lan- 
guages of Easter Island, Egypt and 
Mexico, and the symbol of the feather 
hat in Easter Island, Babylon and Mexi- 
co. The swastika, a common sign in all 
the ancient cultures ol the Old Woild, 
also appears in a hieroglyphic on an 
Eastei Island tablet and in the signaliues 
of Easter Island’s chiefs during the Eng- 
ghsh expedition m 1774. Many other 
graphic symbols on Easier Island have 
counterparts in both the Old and the 
New Worlds. The similarities of form 
and meaning are not gencial, but of a 
most detailed kind, and they run through 
the whole pattern of the culture. 

Theie is no reason to thmk that all 
ancient cultures lived m complete isola- 
tion; migrations, gieat and small, were 
possible and likely then as now. We 
know that famine and social motives 
drove tribes from land to land and that 
many of the ancient civilizations sent 
fleets across the oceans, The similarities 
we have been considering appear to con- 
firm the theory of a cultural migiation 
from the Old World to the New across 
the Pacific- with Easter Island as a pos- 
sible bridge between the hemispheres. 


Werner Wolff is profess of of psy- 
chology at Bard College and author 
of the recent hook Island of Death. 




QUARRY on Rano Raraku contains several partly fin- 
ished heads of the same kind found elsewhere on Easter 
Island. Other heads have been found in strangely in- 


accessible parts of the quarries. These and other facts 
led the author to believe that the location of the 
heads is in some way connected with volcanic activity. 
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NOW 76, BERTRAND RUSSELL lias pursued theme of his hook for some 
5 r(:ars - ins opeuing sentence: “Tl^e . . . purpose of this hook is to examine 
tins relation between individual experience and ... scientific knowledge.” 



by Y. H. Krikorian 

Human Knowledge, by Beitumd Rus- 
sell Simon and Schuster ($5 00) . 

T HE aspect of science that appeals 
most strongly to the imagination is 
its powei to build magnificent theo- 
retical edifices upon the meager evidence 
accessible to human experience. Fiom 
the limited data available on this planet, 
the astionomer infers vast umveises. 
From the gioss matter around us, the 
physicist derives the invisible woild of 
atoms. From the remnants of ancient 
locks, the geologist wntes the lustoiy of 
the earth. From a seatleimg of human 
lelics, the archaeologist reconstructs the 
civilizations of the past. To be sure, with 
the invention of such instruments as the 
telescope and the micioseope, man has 
extended the range of his perceptions 
and experience; yet a wide diffeience re- 
mains between the woild observable by 
the human mind and that constructed by 
the scientist’s imagination. The abstrac- 
tions of modem theoietical science— such 
concepts as instantaneous velocities, 
space- time, wave-particles— seem to liave 
not the lemotest relevance to everyday 
expeiience. 

For neaily 35 years Beitrand Russell 
has lelentlessly been exploring this prob- 
lem of the relation between the world of 
our senses and that of scientific theory. 
Fie has discussed it in sevei al books and 
many ai tides m philosophical journals. 
In “Human Knowledge” he returns to 
the inquiry with undiminished ardor. 
He announces m the first sentence: “The 
central purpose of this book is to examine 
the relation between individual expe- 
rience and the geneial body of scientific 
knowledge.” Russell has sometimes been 
accused of being a “Eighty thinker” be- 
cause he has repeatedly changed his 
stand on such questions as value, the 
nature of matter and the relation be- 
tween mind and matter, but on the piob- 
lem here discussed his approach on the 
whole has remained consistent and es- 
sentially unchanged 

Russell is preeminently qualified to 
discuss this question. He has been one 
of the greatest figures in the develop- 
ment of mathematical logic. He is also 
an exceptionally competent observer of 
the developments in modern physics. 



BOOKS 

Bertrand Russell’s latest inquiry into the relationship 
between theoretical science and the world of the senses 


and sometimes a competent obseiver 
may have a clearer pictuie of what is 
happening than the participants in the 
game. Moreover, Russell is one of the 
keenest analysts among contemporary 
philosophers. He is a direct descendant 
of the long line of English empiricists— 
including Locke, Berkeley, Hume and 
Mill— who have been preoccupied with 
the natrne, scope and limits of human 
knowledge. Russell is a worthy bearer of 
this tradition, and he brings to the task 
the tools of mathematics and mathema- 
tical logic— tools that the earlier English 
empiricists lacked 

Unlike most philosophers, Russell 
places his problem m its empirical setting 
before attempting to come to grips with 
it. In masterly and succinct fashion he 
describes the state of contemporary 
knowledge m astronomy, physics, biolo- 
gy, physiology mid psychology No less 
illuminating and valuable is his discus- 
sion of the natme and function of lan- 
guage, a field m which he has been a 
pioneer. He devotes special attention to 
the woids and terms used to relate “indi- 
vidual expenence to the socialh recog- 
nized body of general knowledge/’ His 
analysis of proper names and his defini- 
tions of words such as truth, belief and 
knowledge are in the Russell tradition of 
brilliant clarification. 

The general problem to which Russell 
addresses himself involves many specific 
questions. Russell discusses primarily 
three of these: What is the staitmg point 
of scientific knowledge? What is the na- 
ture of physical or scientific objects? 
How can we justify inferring scientific 
laws from a collection of data? The first 
question may be stated m another way: 
What are the most fundamental data 
fiom which scientific constructions are 
made? It would appear that we should 
be able to answer this without much 
difficulty, but the more the question is 
examined the more complicated it be- 
comes The so-called hard facts of com- 
mon-sense experience and especially of 
science are actually a tissue of infer- 
ences. To arrive at the core of funda- 
mental data on which knowledge is 
based, philosophers and scientists have 
followed the method of progressively 
stripping awav the inferential elements. 
From David" Hume to Russell, this 
search has led many empiricists to the 
conclusion that the rock-bottom basis of 
knowledge is sensation. As Russell puts 
it, “Only sensations and memories are 


tiuly data for our knowledge of the ex- 
ternal world,” and memories, m Russell's 
view, have their origins m sensations. By 
sensations Russell means our qualitative 
experiences, such as coloi, sound, touch. 
If I say, “I see a red apple/’ I may be 
making an incorrect infeience, for the 
object may not be an apple. But if I say, 
“I have the sensation of red/’ I cannot 
be mistaken, for at this level the state- 
ment is fiee of interpretation, except in- 
sofar as I have used an arbitrary term, 
red, to name the sensation. 

For Russell, then, sensations are the 
basic data of knowledge. When sensa- 
tions are amplified by what he calls ani- 
mal inference, they then become percep- 
tions. By animal inference, Russell 
means the automatic, unconscious link- 
ing of a sensation to an intimately related 
idea The begmnings of such inferences 
are found m the higher animals. The per- 
ception of a building, of a person, or of 
the sun involves more than simple sensa- 
tion. The inferential process is always 
present The building I see is something 
to five in, the person I see is a fnend, the 
sun I see is a source of light. Because an 
mfeience may be mcoirect, perceptions 
are always open to error In a previous 
book. An Inquinj into Meaning and 
Truth , Russell asserted that “a man pos- 
sessed of intellectual prudence will avoid 
such rash credulity as is involved in say- 
ing "There’s a dog/ ” for the inference 
that one is seeing a dog may arise from 
an artificial excitation of the optic neive, 
a blow on the head, or some other de- 
ceptive circumstance. 

Moreover, sensations and perceptions, 
savs Russell, are purely subjective. When 
I see a building, a person or the sun, 
these objects, with all then* relations m 
space and time, belong to my world of 
experience, to rmj mind. Their supposed 
objectivity - and independence are not 
tenable. Russell maintains that when a 
physiologist observes a living brain, he 
is observing m fact only his own brain 
This startling statement, to which many 
of Russell’s critics have strongly ob- 
jected, is quite tenable if one accepts 
Russell’s basic premises. We need not 
labor the arguments for the subjectivity 
of perceptions, for they have a long his- 
tory. 

If every perceived object belongs to 
my private world, how do I escape the 
conclusion that the world exists only in 
my mind? Hume started, as Protagoras 
had started much earlier, with the sub- 


jectivity of perceptions, and got no fur- 
ther. Russell refuses to accept this im- 
passe. In an exciting chapter on the 
question, he argues that partial skepti- 
cism, such as the denial of physical 
events which no one has experienced, is 
logically indefensible. Like Rene Des- 
cartes, he likes to stretch to the breaking 
point our faith in the objective, external 
world, but before the actual break— again 
like Descartes— he tries to save us hom 
utter skepticism. 

In place of Descartes’ God, Russell 
brings to our rescue his postulate of 
causality. Orn perceptions, though them- 
selves private, must have a causal basis, 
he says. There must therefore he an ex- 
ternal world. The causal bases of our 
perceptions are physical “objects” such 
as electrical discharges, sound waves, 
and so on A flash of lightning is de- 
scribed by a physicist as an electrical 
discharge which propagates electromag- 
netic waves. When these waves happen 
to enter a human, eye connected with a 
human brain, the person to whom the 
brain belongs “sees” the flash. His per- 
ception of the flash with all its qualities 
is private to him, but its causal basis is 
not. 

Thus causality 1 demands a physical 
world as the basis of our perceptions. Of 
the nature of this physical world, Russell 
observes at the beginning that physical 
objects are inferred and not observed. 
He says. “I should define [a physical 
event] as an event, which, if known to 
occur, is inferred.” A mental event, on 
the other hand, is defined as “one with 
which someone is acquainted otherwise 
than by inference/’ Russell rejects the 
“common sense” view that the sun we 
see is the same as the sun described bv 
the astronomer. The perceptual sun is "a 
lound area of brightness; the physical 
sun is a complex of unperceived elec- 
trons, protons and other particles. What 
we know about physical objects is that 
they have structure. They are not, like 
Immanuel Kant’s things-in-themselves, 
totally unknown to us, though our knowl- 
edge is incomplete. From the fact that 
the perceptual sun looks round, we are 
entitled to infer, says Russell, that the 
physical sun also is round. On the other 
hand, the fact that the perceptual sun 
appears bright does not imply that the 
physical sun is bright. Brightness is a 
qualitative, not a structural property. 
Qualities are characteristic of perceptual 
objects; structure, of physical objects. 
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We cannot say that the physical sun 
either is or is not bright; no statement 
of qualitative properties can be made 
with respect to physical objects. All we 
know about them is their structure. 

The language most appropriate to de- 
scribe what we learn of physical struc- 
tures is that of mathematics. The stiuc- 
tuie of physical objects must satisfy 
mathematical and logical laws. When a 
physicist is asked, “What is an electron?” 
he describes it in mathematical teims, 
and regards this description as sufficient. 
In modern analysis the ultimate particles 
of matter fade away into abstractions 
definable only in terms of mathematical 
functions that require a special algebra. 
Similaily othei fundamental concepts of 
physics, such as space, time and caus- 
ality, are expressed by mathematical 
equations. Russell emphasizes this math- 
ematical structuie, and its exlieme re- 
moteness from our eveiyday experience. 

Nonetheless, the structure of a physi- 
cal object must be so interpreted as to 
yield results that can be confirmed oi 
confuted by observation. Even when 
physics is so abstract that it becomes a 
bianch of mathematics, it must remain 
relevant to observable conditions at some 
point. In the last analysis, physics seems 
to need only the concepts oi energy, elec- 
trical charge and space-time cooidmates. 
But energy, though highly abstract, is a 
generalization arrived at by concrete ex- 
periments. Electricity, though a quanti- 
tative concept, is not just any quantity, 
but that quantity measured by electiical 
instruments. Physics is a verifiable sci- 
ence, and its most abstract concepts must 
have relevance to pur experience. 

Russell now auives at a discussion 
that is the most valuable part of his hook* 
on probability and on the validity of 
scientific infeiences. How can we justify 
deriving laws in science from mere col- 
lections of data' 5 In otliei wouls, is it 
justifiable to establish universal laws 
by llie process of induction, which can 
give us only probable inferences? The 
usual justification of induction is in terms 
of simple enumeration based on the repe- 
tition of events. It is maintained, for ex- 
ample, that from our knowledge of the 
past moitality of human beings we aie 
entitled to say it is probable, though not 
certain, that Mr X will die. Russell con- 
tends, however, that such an inference 
cannot be validated by experience alone; 
its fitness and probability rest on certain 
basic postulates that come before expe- 
rience. These postulates can neither he 
established by logic nor discovered by 
experience; yet, as Russell maintains, 
they must be entertained. He offers five 
of them: the postulates of quasi perma- 
nence, of separable causal lines, of 
spatio-temporal continuity in causal 
lines, of structure and of analogy. 
These postulates justify rational expecta- 
tions, but expectations short of absolute 
certainty. They have a subjective as well 
as an objective meaning: subjectively, 


they asseit that certain expectations have 
national credibility, objectively, they as- 
sert that certain events happen in most 
cases. What is most important about 
these postulates is that taken collectively 
they appear to justify inductive infer- 
ences, 

Russell’s claim may be illustrated by 
considering one of his postulates. The 
postulate of causal lines asserts that a 
senes of events in time is so related that, 
“given some ol them, something can he 
inferred about the othei s, whale vei may 
be happening elsewheic.” For example, 
when one sees a number of situs, he at- 
tributes the multiplicity of his visual sen- 
sations to the multiplicity of stars as the 
causes. Again, when he sees a table or 
a chair, he assumes that there is a causal 
line from each of these objects to the eye. 
That there are such causal processes can- 
not be established by logic nor fully ven- 
fied by expexience, yet this assumption, 
in Russell’s belief, is one of the funda- 
mental postulates ol science. ITe says. 
“It is in virtue of the truth of this postu- 
late— if it is true— that we are able to ac- 
quire paitial knowledge in spite of our 
cnoimous ignorance.” 

Such is Russell’s aigument. There are 
basic controversial issues involved m it. 
To begin with, Russell’s contention that 
sensation is the primitive datum of 
knowledge is highly debatable. It is tiue 
that any given scientific investigation has 
a starting point; but Lhe starting point of 
science is not the datum of mere imme- 
diacy, but ralhei the rich experiences of 
everyday life. We neither icquire nor 
possess absolutely simple data. The aim 
of science, one might say , is not primarily 
construction from simple data, but rather 
reconstiuction of the given experience. 
And this reconstruction involves both 
analysis and synthesis. While in any re- 
construction of expenence a certain 
group of data is given, it is given for the 
eonsliuction in question and is deter- 
mined by the point of view from which 
the reconstiuction is formulated. In such 
a reconstiuction, sensations aie as much 
the results of analysis as they are the as- 
sumptions used m synthesis. 

Again, Russell’s subjective theory of 
perception is open to seiious doubt. His 
subjectivism is based piimarily on the 
interpretation of experience by the clas- 
sical empiricists. Bui is this interpreta- 
tion necessary? A moie experimental 
approach to the nature of experience, 
which Russell occasionally suggests, 
would indicate that there is an essential 
identity between the meaning of expe- 
rience and the meaning of experiment. 
And if experience is experimental in all 
its phases, what is experienced by one 
may be shared by all. Once we reject 
Russell’s subjectivistic premises, there is 
no need to assert two exclusive and 
rather dissimilar worlds— the perceptual 
and the physical. Because a scientist is 
interested in the quantitative relations of 
an object and thus finds it useful to di- 



rect his attention to these relations ex- 
clusively, it does not necessarily follow 
that the qualitative aspects of the situa- 
tion are less real than its quantitative as- 
pects, let alone wholly unreal. 

As for Russell's postulates, they are 
significant in emphasizing the non-em- 
pirical aspects of scientific procedure. 
With some important differences, these 
postulates remind one of Kant's a prio - 
ns. Russell, it seems to me, could have 
emphasized much more than he does 
their functional role. Since in certain 
parts of his discussions- he seems to lean 
toward a pragmatic theory of knowledge, 
he would have been justified in such a 
formulation. While it is true that these 
postulates cannot be established with 
any finality by logic or experience, yet 
they are fruitful regulative principles to 
guide scientific activities. 

Though I find myself in disagreement 
with several of its conclusions, I believe 
“Human Knowledge" to he a book of 
great value. It restates freshly the tradi- 
tional problems of philosophy; it shows 
how to develop a philosophy on the 
basis of the significant findings of mod- 
em physics; it illuminates the complex 
logical structure of scientific theories. It 
is not only what Russell says but the way 
he says it that makes the book valuable. 
His philosophic temper is charmingly 
reasonable, his style, as usual, lucid and 
incisive, though its lucidity often glosses 
over the complexity of his ideas. At diffi- 
cult points a dash of wit relieves the 
reader's stiain. To follow, step by step, 
Russell's keen analysis of human knowl- 
edge is a rare intellectual pleasure. 


Y. H Krikorian is chairman of the 
department of philosophy at the 
College of the City of New York. 
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nes. It contains excerpts from the great 
works on mathematics, astronomy, geo- 
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biology, medicine and physiological psy- 
chology. There is also a useful bibliogra- 
phy. The scope is so wide that one can 
easily excuse even the more striking and 
painful omissions: thus, for example, 
problems and paradoxes of the infinite 
and infinitesimal are excluded on the 
ground of their “predominantly philo- 
sophic character." 

P hysics and Politics, by Walter 
Bagehot. With a new introduction by 
Jacques Barzun. Alfred Knopf ($2.50), 
This famous 19th-century essay, now 
reissued with an interesting introduc- 
tion by Jacques Barzun, applies the 
principles of natural selection as defined 
by Charles Darwin to the evolution of 


social institutions. It has nothing to do 
with physics, although physicists, like 
everyone else, can learn a great deal 
from it; and the word politics must be 
understood as referring to the social sci- 
ences rather than to the shenanigans of 
statesmen or ward heelers. In his bril- 
liant, ironical style Bagehot gives a lucid 
analysis of the various forces which 
make for social change and innovation 
on one hand and for permanence and 
stability on the other. His book is a 
pioneer work m social psychology, wit- 
ten by one of the first-class intellects of 
the Victorian era. 

A pplied Mathematics for Engineers 
s \- and Scientists, by S. A. Schelkun- 
off. D. Van Nostrand Company ( $6.50) . 

A clear, well-balanced mathematical 
text, the latest addition to the useful 
Bell Telephone Laboratory Series con- 
ceived primarily to meet the needs of 
communication engineers. What distin- 
guishes the book and deserves notice is 
the amount of space allotted and the 
careful treatment given to special func- 
tions, particularly Bessel and Legendre 
functions. It is evident from books of this 
kind that the easy and prevalent notion 
of the engineer as one who can just 
about use a slide rule and who thinks of 
an integral as a number to be looked up 
in a table is rapidly becoming a myth. 
Whether or not the myth ever had sub- 
stance, it is obviously untiue today. It is 
getting to be as hard to distinguish be- 
tween a research engineer and a “scien- 
tist” as to keep track of the thin, fading 
line between “puie” and “applied” sci- 
ence. There is obviously no point in 
turning your good-for-nothing son into 
an engineer; once again there is nothing 
left for him but the law. 

T he Universe and Dr. Einstein, by 
Lincoln Barnett. William Sloane As- 
sociates ($2 50) . A brief, popular expo- 
sition of the quantum theory and relativ- 
ity by a former editor of Life , based on a 
series of articles which appeared in 
Harpers last year. The publisher's blurb 
describes the attempt of the book as the 
“most brilliant in our time,” which is 
pretty silly even for publishers' blurbs. 
While the author, as long as he resists an 
unfortunate temptation to philosophize, 
writes clearly, there is nothing in the 
book which has not been handled more 
effectively by a number of earlier writers, 
including Hans Thirring, C. V. Durell, 
Bertrand Russell, James Jeans and Ar- 
thur Eddington. The book is not distin- 
guished by fresh insights or original 
analogies to help illumine the shadowy 
concepts of modem physics. The subject 
remains difficult. Nevertheless the at- 
tempt to elucidate it in the language of 
laymen continues to be an eminently 
worthwhile journalistic enterprise, and 
Mr. Barnett's account is sounder and 
more illuminating than most. 

J. R. N. 
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Conducted by Albert G. Ingalls 


ALL amateui asti onomeis doubtless 
L-k hope some day to make a pilgrun- 
jl jL a g e {- Q Palomai Mountain Observa- 
tory and see the 200-meh telescope. 
Before planning such a tup tliey will 
want a specific answei to the question 
“If I should go, how much oi the real 
mside stufi will I see?’' 

The policy ol the observatory is that 
of the late George Ellciy Hale, its 
ioundei. Di. Hale was a man who liked 
amateui s. The observaloiy's policy is to 
admit the public ungrudgingly, up to the 
point where this begins to inteifere with 
the astronomical ic search lor which the 
obseivatoiy was built. 

Obviously not all ol the observatoiy 
can be shown to tourists, since they ai- 
live at a rate of 100, ()()() a year Some of 
the tourists, however, arc amateur as- 
tronomers. Cannot at least these be 
shown the whole installation? Unioilu- 
nately if only 1,000 amateurs arrived at 
Palomar every year, wishing to he shown 
cveiy thing and to talk with the stall, 
this might inter! eie with the astronomi- 
cal woik moie than the visits of 99,000 
tourists. 

So the amateur astionomei should not 
count on seeing more than the most m- 
tei estmg third of Palomar— the mounting 
and tube of the 200-meh telescope. He 
will not see the interesting uibbit war- 
rens on two broad floors beneath the ob- 
serving flooi ol the 200-meh. The present 
article there! oie will attempt to descube 
this forbidden region. Nowheie has it 
yet been systematically described with 
plan diagrams. 

The visitor enters the dome whcie 
Russell W. Porter has lettered in the 
words “Public Enti ance” m the drawing 
labeled “Giound Flooi Plan” at left. In 
vestibule 18, after examining a bronze 
bust of Dr. Hale, he will turn to the left 
and climb 26 feet in two flights of stairs, 
emerging 5,572 feet 6 inches above sea 
level m the ample visitors' gallery. This 
is i\ completely enclosed area of the con- 
crete main obseivmg floor. 

Here m full view, only 40 feet away 
from the gallery, stands the 200-inch 
telescope. It towers so high that the visi- 
tor feels he is almost under it. This van- 
tage point, however, offers the best view 
of the telescope 

Visible from the visitors' gallery is the 
short stairway approach to the coude 
spectrograph room shown at 1 in the 
drawing labeled “Observing Floor Plan.** 



HE AMATEUR ASTRONOMER 


The room also appears at left m the ele- 
vation drawing below. What appear to 
be stairs m this room are concrete plat- 
forms, each 22 inches higher than the 
last This large room will eventually con- 
tain foui Schmidt spectrographs which 
are now being made. 

The optical tram fiom stai to spectro- 
graph film is as follows: to the 200-inch 
mirror; thence upward to a hvperboloi- 
dal convex secondary mirror near the top 
of the telescope tube, thence downward 
to a flat mirror opposite the declination 
axis, thence diagonally downward 
through the hollow polar axis south bear- 
ing ( indicated as P A on the elevation 
drawing ), next, to a collimating mirror 
near the exterior wall of the spectro- 
graph room, thence by reflection back to 
a diffraction grating near the poit 
through which the beam enteied the 
room, thence back to the left through 
tlie collecting plates of any chosen one 
of four large Schmidt cameias (which 
have 20-mch, 30-meh, 36-inch, and 4S- 
inch primaries), thence to the Schmidt 
primaries, and finally to the photograph- 
ic film at the Schmidt focus With the 
faintest stars the spectra will be spread 
to only one inch m length, on the bright- 
est stais to an equivalent length of 12 
feet. 

At 2 on the observing floor plan is a 
small automatic elevator that gives the 
staff quick access to ground flooi, mez- 
zanine, observing floor, and balcony. 

At 3 is a plate-change room and at 4 
is a rest room. 

At 5 is a lepair shop. Backing it up is 
a machine shop at the nearby observa- 
tory power house, and the larger shop on 
the California Institute of Technology 
campus m Pasadena. 

At 6 is the visitois* gallery. 

At 7 is the computer. It stands on a 
raised platform near the right ascension 
drive. A coffinlike box that encloses it 
protects delicate mechanisms which 
change the speed of the sidereal drive 
to compensate automatically for angular 
variations m atmospheric refi action. 


structural deformations of the telescope, 
errors m the gears and elsewhere The 
box also contains an automatic mechan- 
ism for keeping the dome opening m 
line with the telescope 

At 8 is the double south pier of the 
telescope (see elevation drawing). 

At 9 is a hydraulic hoist also shown m 
the elevation. This is for raising equip- 
ment to the Cassegrain focus of the tele- 
scope, also as a working platform. 

At 10 is a broad-gauge railroad track 
on which the aluminizing chamber unit 
may be diawn from its stoiage position 
at the side of the floor to the center un- 
der the mirror. 

At 11 is the complex control desk. 

At 12 is the double north pier of the 
telescope 

At 13 is the dome balcony, which 10 - 
tates with the dome— so smoothly that 
uders on it, not realizing they have been 
put in motion, exclaim, 'The telescope 
is turning^” 

On finally leaving, the visitor will pass 
the mezzanine floor, perhaps without 
being aware that it is theie. In the vesti- 
bule on the ground floor he may not even 
note an inconspicuous door leading to 
the giound-floor spaces. No door is 
shown on the plan drawing, but the 
door that is there is a fact, not a theory, 
and it is kept locked. However, for the 
purpose of this itinerary, let us not de- 
scend from the visit oi s’ gallery but, 
instead, use Poiter’s master kev to all 
the locks at Palomar, and walk to the ob- 
serving floor through a door in the side 
of the gallery. Then: 

At 1 is to be a physical-measurements 
room. 

At 2 is an automatic elevator. 

At 3 are switchboards for the main 
electrical distribution. There are also 
transformers, motor generators, and a 
battery-charging panel. 

At 4 is the constant-frequency room. 
Here the electric drive of the telescope 
is initiated and controlled in frequency 
by a vibrating-string Warren time stand- 
ard within an accuracy of less than one 
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where. Our greatest buj to date. Made of thiee 
separate acluomatic elements (lllusti ated). All 
outside surfaces fluonde coated In focusing 
mount 1W (43 mm \ clear apeitme, flat 
field to edges. Focal length 1 V' <32 mm.) 
f,Sxl angle Outside dmmetei of mount 

2V' (o4 nun.) Each $15 00 plus postage The 
ab<ue with BUSHING to fit standaul IV' e\e- 
piece tubes $18.00. 

MICROSCOPES 

Used. Guaranteed in excellent op- 
tical and mechanical condition 
Ready to use Standaul size Bauseli 
I*omb r Spencer, Leitz, etc* 

2 Objectives, 2 Oculais, poweis 
dflx, lOflx, 270x and 470x w 
$65 00 net Above plus oil-im- 
meision lens giving added OOOx 
and lOOOx and also including 
Abbe condense! $125.00 net 
Expiess Collect. 

STAR DIAGONAL 


Fits standard IV' 
tube, takes, IV' eve- 
piece Precision qual- 
ity tht nu ghoul. Pi ism 
is fine quality fluonde 
coated. Finished in 
biass and black. Makes 
foi convenient o\ei- 
head viewing ot stars with refiaetoi $12.00. 

POLAROID 

Genuine Polaioid 
mounted in opti- 
cal glass, 3" (72 
mm ) discs per- 
, feet for every use 
Hi photography, 
, physics, petrolo- 
gy, cliemistij, etc $1.25 each or 2 for $2.00 
postpaid Also 1" (25 mm.) diameter $.60 each 
or 2 for $1.00 

Include Postage — Remit with Order 

Send 50c for Up-to-minute Catalog 


HARRY ROSS 

Ml CROSCO PES— TELESCO PES 
Scientific and Laboratory Apparatus 
* 70 West Broadway, New York 7, N. Y. 









. I 3X ELBOW TELE- 

iwb SCOPE — Brand 

ilfatic Objective, 
^ Amici Prism Erect* 

Achromatic Eye and 
Field tens Small, 

^ — S compact, light 

weight 2 lbs, Govt Cost $200 Our Price §6.5® 

OPTICAL PEEP SIGHT— Use 

as camera view finder, etc Image 
jjjjggjijM m appears on bullbeve reticle No 
■fll v|| parallax for any distance Same 
liiaiinM C 1i principle commercially used by 
KS bR m shotgun sight mfg Dia 37 mm 
U Weight 1%'flza Government cost 

Our ‘ price Postpaid , $1.50 

dW 40 POWER 

.SgCSS. TELESCOPE 

Coaled Optics 


$ 42 ! 


40X— WONDER- T 1JL W 

FU L for Astronomy TT 

3QX— SUPERB 
for Long Distance 
2DX— EXCELLENT 

Spotting Scope , 

I0X— FINE for Close Study 

FOUR TELESCOPES in ONE 

because of Adjustable Power Eye- 
piece (Not War Surplus,) Ono of 
tlie Finest Precision Amerieaii'-macla 
Telescopes Achromatic Objective Lons 
2 1 ,{j" diameter Length closed. G 1 /^", open, 

27 Va". Genuine Leather covered Weight, 23 ozs. 

© ACHROMATIC TELESCOPE OB- 
JECTIVES— Perfect Magnesium Flu- 
oride Coated and cemented govern- 
ment surplus At hi omuls Made of 
finest Crown and Flint optical glass, 
nro fully corrected and have tremend- 
ous resolving power Guaranteed well 
suited for Astronomical Telescopes, 
Spotting Scopes, etc. 


.iGm/iu (Sj'/) 
73m/m (2%") 
76m/m (3") 
Slm/rn (3tV') 


FOCAL LLNQTH 
GflOm/m VIVA”) . 
S76m/m (34^") 
381m/m (15") 
G22m/m (24%"). 


BACH 

.$12.50 

$25.00 

$19.00 

$22.50 


8 Power Elbow Telescope ' 

Tremendous Wide An- 
gle Eve piece makes 

ife k thls llleal aa finder 

W f° r astronomical tole- 

jgSr^c&fc scopes, apparent field , 
m Of View 7 0° Objective 
B IVb" Diameter. Amici 
Erecting System Brass 
C# construction, weight 28 
oz. Small, CoraparL, 

TT , t , , l%” \ 4‘Ki" v; iVi" 

Has graduated crossline reticle with lamp housing , 
to illuminate reticle The Telescope contains a 
short focal length Eyepiece, EFL 002" winch 
has 5 lenses. By far, one of the FINEST BUYS 
we have been privileged to offer to date Manu- 
factured bv Bausch &z Lomb. 

abmy used $18.50 

BRAND NEW (Government Packed) ,,$27.50 

RIGHT ANGLE PRISMS, for direct positive 
photography or astronomical telescopes 


S mm Face . 
23 nun Face . 
30 mm Face ¥ . 
38 mm Face . 
47 mm Face . 


ea.$ .75 , 
ea. 1.25 
ea. 1.75 
ea. 1.75 
ea. 3.00 


SPECIALS!!! 

27 POWER SPOTTING SCOPE LENS SET. 

Consists of Big 56m/m (2,^) Dia Coated Objec- 
tive Lens, 2 Prisms, Eyepiece Lenses. Instructions. 
All optics cemented and Perfect or near , 
Perfect . Set$l 5.75 

KODACHRGME PROJECTOR LENS SET for 

3om/m slides; includes 2 Achromatic Projection 
Lenses. 2 Condensing Lenses, Heat Ab- 
sorbing Glass and Instructions « , $3,10 


“MILLIONS ’ 1 ol Lenses, etc. 
Send stamp for “Bargain" List. 

WE PAY THE POSTAGE 

& JAEGERS 


tenth second a clay. On a central table pounded with rust inhibitor, at the rate 

stands a metal tripod a foot high. From of two and a half gallons a minute and 

it is suspended a wne a few inches long at 290 to 518 pounds per square inch 

and held taut at the bottom. Attached pressure, through the oil pads of the 

crosswise halfway up the wire is a small telescope bearings, so that the telescope 

peimanent magnet, one end of which floats on a .003- to .00 5-inch- thick film 

projects into a pickup coil connected to of oil. 

the grid of a vacuum tube, the other into Finally we come to the ground floor 
a driving coil connected to the plate of where the astronomers work and rest, 
the same tube. The wire is tightened Room 1 is for storage, 

from below to vibrate at 60 cycles per Rooms 2 to 7 are astronomei s’ working 

sidereal second. The current generated offices. 

by this unit, its blurred bowstring vibrat- Room 8 is for physical measurements. 



Arrangements for adjusting the 200-inch in altitude and azimuth 


ing softly throughout the night, is amph- Room 9 is for photographic develop- 

fied to run the one-twelfth horsepower ing. 

driving motor of the telescope. At 10 is the elevator. 

At 5 is the storage battery room. If At 11 and 12 are large and wonder- 

the Diesel motor generator at the observ- fully equipped darkrooms 

atory power plant should fail, the bat- At 13 is the ammoniating room for 
teries would automatically take over, plates, and Room 14 is for plate storage. 

(There is no power-line connection be- At 15 is the fan room with air-con- 

tween Palomar and the outside.) ditioning machinery, a refrigerating 

At 6 are the telescope relay panels, compressor (120,000 B.T.U. per hour), 
a maze of apparatus. Room 16 is to be a chemical labora- 

At 7 and 8, opening only on the out- tory, and Room 17 a physical laboratory, 
side stairway to the visitors gallery, are At 18 is the entrance vestibule, 

rest rooms. At 19 is a rest room. 

In the open on the same mezzanine At 20 is the staff's library, 

floor are the oil tanks and pumps that At 21, spacious and comfortable, is the 

constantly force lubricating oil com- lounge, an all-night clubroom for relaxa- 






tion between astronomical labors aloft 
and for conversation. 

The fabricated steel telescope base 
frame (see ground -floor plan) is 781a feet 
Ions:, feet wide and 22 feet high 
(the measurements are made over beam 
centers). It resembles a span from a 
through-type railroad bridge, and a 
check shows that it is about five feet 
wader and five feet lower than such a 
bridge. 

It is fun to crawl from the adjacent 
storage space back into the dusty, dim 
places behind and beneath this base 
frame, explore its legs, and study the 
provision for adjusting the telescope in 
altitude and azimuth. Since several to 
whom these outsized adjustments were 
described have suspected that their own 
legs were being pulled ("Too big a tele- j 
scope for that sort of thing”), Russell 
Porter was invited to make a plan and 
elevation drawing of the adjusting facil- 
ities.' 

The arrangements differ in no basic 
way from those under amateurs 3 tele- 
scopes. For azimuth adjustment there 
is a 12-inch pivot ball at the southwest 
corner of the base frame, and under the 
remaining corners are 24-inch rolling 
balls of tool steel. For altitude adjust- 
ment there are jacks and wedges. Only 
one half of the 12-inch pivot ball is 
needed or used ( see draiving on oppo- 
site page), while the 24-inch rolling 
balls, since they need roll only an inch 
or so, are cut away to posts six and a 
half inches m diameter with spherical 
tops and bottoms. 

The base frame is restrained from 
rolling all over Palomar by the azimuth 
screw adjustment at the northwest cor- 
ner of the base frame. Byron Hill, the 
superintendent of construction at Palo- 
mar, says it was easy with his transit to 
spot the base frame at the outset within 
one minute of arc of the earth’s meridian 
plane (one eighth inch, plus or minus). 
A long-handled wrench permits one man 
to move the 1, 000-ton weight and com- 
plete die adjustment by means of the 
push-pull screws shown on the plan. 

The four base-frame underpinnings 
rest on concrete piers in holes excavated 
25 feet in the Palomar granite This was 
done in Older to diminish transmission 
of vibrations from the -piers of the dome, 
which are only four feet deep. 

The altitude and azimuth adjustments 
may be used again in the future. Palomar 
Mountain is a part of a fault block of 
the earth, about five by 15 miles in 
dimensions, with the active Aguanga 
Fault about two and a half miles to the 
northeast, the possibly active Elsinore 
Fault five miles to the southwest. As this 
fault block, which might be regarded 
as the telescope’s lower "base frame,” 
may be disturbed from time to time, its 
own azimuth and altitude angles may 
change a litde. Readjusting the telescope 
after such events will not be a difficult 
job. 


MAKE YOUR OWN 
HIGH POWERED 

REFLECTING 

TELESCOPE 

FOR ASTRONOMICAL AND TERRESTRI- 
AL OBSERVATION— IN 2 HOURS OF 
EASY WORK. COMPLETELY FINISHED 
OPTICS— 125 POWER $6.50 

The optics are completely finished and 
ready to mount in a tube. The tube may be 
metal, plastic, or even cardboard. The 
telescope can be completed^ in one evening 
of easy work and will provide a source of 
never ending pleasure. With it can be seen 
the rings of Saturn, Moons of Jupiter, 
Phases of Venus, hundreds of mountains and 
craters on the moon, etc. The 4-inch diam- 
eter mirror has been ground and polished 
from a thick plate of optical glass to extreme 
accuracy and then hard aluminized for high 
reflectivity and great durability. Also in- 
cluded are several eyepiece lenses giving 
magnifications of 25X, SOX, 75X, 100X, and 
T25X, a standard V/a inch diameter eye- 
piece, an optically flat mirror for erecting 
the image and viewing terrestrial objects, 
an eyepiece tube, an optically flat alumin- 
ized diagonal, and instructions, all for only 
$6.50. 

Immediate delivery. We pay the postage. 

Dept. 2K, 24 West 45th St., New York 19, N. Y. 
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CALCULATIONS 

T H ~ n m of all kinds can be easily 
! I 1 1 1 J solved on the 

BINARY CIRCULAR 
fpn l f Tf'ff SLIDE RULE 

198 76 This rule will quickly solve the 
mUiimilllTP l II I i 1 it Simplest as well as the more 
' ' * ' ■ ' ' * I ^ difficult problems involving 

n 


r^rmjuiyn j rjr 


calculation^ in Arithmetic. 
Algebra and Trigonometry. 
Any number of factors can be 
handled in long and difficult 
calculations. The C stale of 
the Binary is 25 inches long 
with graduations 25 further apart than those of a 
20-lnth slide rule The Cl. A. K, & Log scales 
are divided a-, closely as a 2 0-inch slide rule Log-Log 
'icale extend-, from 1 0013 to 1,000,00ft Gives Trig, 
functions from 0 to 90 degree-, on back. Engine-di- 
vided scales on white coated aluminum. Permanently 
accurate Dia, S 1 ^", Price $7 25 in case, with instruc- 
tions Approved at leading Lniv Used by many large 
firms in the U S 


MIDGET 

CIRCULAR SLIDE RULE 

Similar to Binary, has C, Cl, A, LL and Binary scales 
C scale is 12" long. Trig, functions on back Approved 
at schools and leading Unlv ideal for Students and 
beginners, or for pocket use. Half million sold. Price 
S2 oO m case with instructions. Made of metal. 


ATLAS SLIDE RULE 

I The Atlas Slide Rule will 
i quickly solve problems m 
Multiplication, Division, 
and Proportion and give 
results with, a maximum 
error of less than 1 in 
30,000. The Atlas has two 
C scales. One is 25" long 
■pjxrrfVrr and the second one is a 
i w spiral of 30 coils. This is 
! ‘-vD equivalent to a straight 
Trrn rule GO ft. long and gives 

I answers to 5 figures 

Accountants. Chemists, 
-HVs Physicists and Engineers 
have found this rule in- 




valuable for its great acs 
TTJjrrTTTTTTT^fyT- curacy Dia. Qhk*- Easily 
• ■ • J... W7 portable. White coated alu- 
-rfr * k 1 Aha J 1 * 'ST minum with legible black 
scales. Price $9.00 in case 
with instructions 


Combination Atlas-Binary Slide Buie 

Has Atlas scales on one side, xvith 2 indicators, Binary 
scales on reverse side with 2 indicators Made of metal, 
permanently accurate. Price $12.00 m case with in- 
structions. 

We have many thousands of unsolicited testimonials 
on these rules Descriptive circulars free. Satisfaction 
guaranteed. 

GILSON SLIDE RULE CO. 

Box 993 SA, Stuart, Fla. 

Slide Rule Makers since 1915 


WAR SURPLUS 
BARGAINS 

GOVERNMENT'S 7 x 50 BINOCULARS 
ASSEMBLE THEM YOURSELF! 
Complete Optics! Complete Metal Partsl 
Save More Than Y 2 Regular Cost 


METAL PARTS — Set 

includes all Metal Parts 
— completely finished — 
for assembly (if T t 30 
Binoculars. No machin- 
ing required. A -turdy 
Binocular Carrying Case 
is optional with each set 
of Metal Parts. 

Stock ±r842-S $39.40 

Postpaid plus $4 80 for 
Case— Total $44.20 


OPTICS — Set iniliiiles all Lenses and Prisms you need for 
a>-embhng 7 \ ill IluunuLirs The-e Optus are in excellent 
condition — perfect or near perfect — and hare new Ion re- 
I’eitnm coating 

Stock ^ 5102-S 7 x 50 Optics $25.00 Postpaid 

(These are standard Amcrican-made parts ... not 
Japanese, French or German *) 

NOTICE ’ Add 20# Federal Excise Tax to above prices it 
you order both Binocular Optics and Binocular Metal Parts. 

ARMY'S 6 x 30 BINOCULARS 

COMPLETE OPTICS & METAL PARTS— Model M-I3AI, 
Waterproof Model. 6 x 30 Binoculars. Everything you need 
— ready fur assembly. When finished will look like a regular 
factory job costing $102 to §1 An The Optics are new, m 
perfect or near-perfect condition Hdve new low reflection 
coating Metal part', are new and perfect, all completely 
finished No inailiining required Complete assembly in- 
structions included 

Stock - 830-S . . $40 00 Postpaid 

plus $8,00 tax — Total $48 00. 

MOUNTED ANASTISMAT LENSES 

T'se for projectors. Enlargers, Copying C uneras. Complete 
with Shutter and Diaphragm Value about S20 An excellent 
buy WE WILL INCLUDE FREE ILLUSTRATED 
BOOKLET on HOW TO MAKE YOUR OWN EN- 
LARGER 

Stock “8QQ4-S Speed f/7.7, focal length approx 127 mms. 
Suitable for pictures, negatives, positives up to 3 l / 2 r 'x4‘A r \ 

$7.50 Postpaid 

Stock £8006-S Speed of i/7 7, focal length approx. 100 
mms. Suitable for pictures, etc. up to 2 , m"x314". 

$8.50 Postpaid 

CONDENSING LENSES— Seconds, but suitable for En- 
largers and Spotlights 

Stock £ I06I-S 6‘V* dia., 9 W F.L, . $2 50 Postpaid 

Stock ^1080-S 5" dia., 7" F L $1.00 Postpaid 

Stock #1084-5 214" dia , 4" F.L. . $1 00 Postpaid 

8 POWER ELBOW TELESCOPE 

Gov*t Cost §200.00 1 Our Price $17,501 

Big 2* diameter objective All lenses Achromatic. Auuci 
prism erects the image. 4 built-in filters — dear, amber, 
neutral and red Slightly used condition but all guaranteed 
for perfeu working order. Weight .*» lbs. Can be earned but 
a trifle bulky Excellent for finder on Astronomical Tele- 
scope. 

Stock ^943-S ... . $17 50 Postpaid 

20X PRISM SPOTTING SCOPE SET — Consists of all 
lenses and prisms (vhglitly chipped) you need to make a 
good, standard 2ftX Spotting Scope. Low reflection coated. 
57 mm. dia Achromatic objective Some Metal Parts in- 
cluded We furnish directions. 

Stack = 5145-S . ... .$22.00 Postpaid 

(Also surplus Itiflescopes — Write for Bulletin 1S-S> 

TELESCOPE EYE-PIECE— Consists of 2 Achromatic 

Lenvcs, F L 2s mm and a metal mount 

Stock -£5I40-S . . .$4.50 Postpaid 

SLIDE PROJECTOR SETS — Consist of all unmounted 
lenses you need to make the following size projectors- 
Stock £403B-S 2*/4 ^x2>/4 w - . , $3.35 Postpaid 

Stock ^4039-S 2 , ' 2 *x3f/ 2 A ' - . $3 35 Postpaid 

Stock “4029-S . 35 mm . .. . $2 85 Postpaid 

35 MM KODACHROME PROJECTING LENS SET— 

Consists of a mounted projecting lens, heat absorbing glass, 

2 condensing lenses. 

Stock £4035-5 $4.85 Postpaid 

Army Air- Force ASTRO COMPASS (Not a magnetic com- 
pass) Us.ed as a means of indicating heading of aircraft 
from position of stars Excellent fur amateur astronomers. 
Govt cost about $100 Used but in good condition. 

Stock S944-S $8.00 Postpaid 

6 POWER PERISCOPE and ADJUSTABLE TRIPOD. 

27" long Foeusing eye-piece Adjustable cover for objective 
end. Govt, cast ?13Q. Tripod and mount worth more than 
purchase price. 

Stock #7I7-S $20.00 f.oh. Audubon 

WE HAVE LITERALLY MILLIONS OF WAR SUR- 
PLUS LENSES AND PRISMS FOR SALE AT BAR- 
GAIN PRICES. WRITE FOR CATALOG “S” — 
SENT FREE. 

Order by Stock No. * Satisfaction Guaranteed 

EDMUND SALVAGE CO. 

P. O. AUDUBON, NEW JERSEY 





THIS MAY HE THE 



MESSAGE YOU'VE 
EVER READ! 


S UPPOSE someone pointed a finger at you right this minute and 
said* "You need an X-ray i” Chances are you’d think there 
was some mistake. After all you feel pretty well. Why on earth 
should yon need an X-ray ? 

Yet, an X-ray can mean a longer life, and a happier life, for 
you or for your loved ones. 

Your chest, very likely, is in perfect condition. If so, you’ll 
feel wonderful, knowing that you have no slightest sign of tuber- 
culosis. You’ll be glad to know that you are not endangering the 
health of other members of your family. 

But if your chest is not in perfect condition, you’ll want to 
add years to your life by having this information — now. You’ll 
benefit by early diagnosis — in time for steps to be taken in arrest- 
ing or curing this disease. 

You owe it to yourself and to your family to have your chest 
checked Don’t pass up this opportunity. Make a date to have your 
chest X-rayed. 


*'V 


Check your Chest »•* 
Get an X-ray Today! 


See Your Doctor, Tuberculosis 
Association or Health 
Department 



tA * ^ 
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BIBLIOGRAPHY 

Readers interested in further reading 
on the subjects covered by articles in this 
issue way find the lists below helpful. 
The lists are not intended as bibliogra- 
phies of source mateiial for the ai tides 
The references selected will piovide sup- 
plemental y information. 

THE OFFICE OF NAVAL RESEARCH 

L 

Science and Public Policy. Vol IR 
The Federal Research Program A 
Repoit to the Piesident. John R. Steel- 
man U. S. Government Printing Office, 
1947 


TRIAL BY NEWSPAPER 

The Analysis of Communication 
Content. Paul Lazar sf eld and Bernard 
Beielson. Columbia University, 1948 

The Psychology of Newspapers, 
Fi\e* Tentative Laws. Goiclon Willaid 
Allport and Janet M. Faden in Public 
Opin'on Quarteihj , Vol. 4, pages 687- 
703; 1940. 

Newspapers and the News An Ob- 
[ecti\ e Measurement of Ethical and 
Unethical Behavior by Representa- 
tive Newspapers. S M Kingsbury, 
H. N. Hart and otheis. G. P. Putnam’s 
Sons, 1937. 

THE MECHANISM OF LIGHTNING 

Pin sics of the Air. W. J. Humplueys* 
McGraw-Hill, 1929 

The Mechanism of the Electric 
Spark. L. B, Loeb and J. M. Meek. Stan- 
foul Umveisity Pi ess, 1941. 

Fundamental Processes of Elec- 
trical Discharge in Gases L B. Loeb. 
John Wiley and Sons, 1939. 

TRACERS 

Radioactive Tracers in Biology. 
M. D. Kamen. Academic Piess, 1948 

The Dynamic State of Body Con- 
stituents R Schoenhennei PI arvard 
Univeisity Press, 1946. 

MICROSEISMS 

Microseisms in New England’ Case 
History of a Storm. L. Don Leet m 
Geophysics, Vol. 12, No. 4, pages 639- 
650; October, 1947. 

TEMPERATURE AND LIFE 

Animal Life in PIot Springs. C. T. 
Brues m Quaiterly Review of Biology, 
Vol, 2, No 2, pages 181-203, 1927. 

Heat Death, Heat Injury, and 
Toxic Factor. L, V Heilbrunn and 
others in Physiological Zoology, Vol. 19, 
No 4, pages 404-429; 1946 

THREE MYSTERIES OF EASTER 
ISLAND 

Island of Death Werner Wolff. J. J. 
Augustin, 1948. 
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Molecular Affinity 


The phenomenon which causes molecules 
of different compounds to associate in 
varying degrees is the key to delicate 
chemical separations. 

Selective adsorption, by Davison silica 
gel, is a process whereby this 
primary chemical phenomenon is made 
commercially practical. 

Scientific Observation: Davison silica 
gel possesses the unique ability to adsorb, 
selectively, different components in 
varying degrees. Solutions of different 
molecular composition brought into 
contact with it are separated because its 
affinity is greater for some than it is for 
others. The components selectively 
adsorbed are held on the porous surface 
of the silica gel with varying degrees of 
tenacity and capacity. Desorbent mate- 
rials release the components individually, 
providing a yield of separated, relatively 
pure compounds. 







Application Examples: Isolation of pure 
hydrocarbons for control purposes; separa- 
tion of antibiotics, recovery of aromatics in 
petroleum processing. 

A program of customer education and serv- 
ice is the vehicle by which Davison's ad- 
vanced chemical engineering is made avail- 
able to industry. 


THE DAVISON CHHllBu CORPORATION 


PROGRESS THROUGH CHEMISTRY, , BALTIMORE 3. MO. • PIONEERS AND DEVELOPERS OF SILICA 
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“oficr buffer, briefer 
p/cfure o/? your -fe/ei/zs/ou screen 


The screen on which you are ac- 
customed to seeing television is 
the face of an electron tube— on 
which electrons “paint” pictures 
in motion. 

And the size of the picture, unless 
projected, is determined by the size 
of the tube. 

Working to give you bigger , 
brighter pictures, RCA engineers 
and scientists developed a new 
way to make large, direct-view 
television tubes. They found a 


method of “welding” large areas 
of glass and metal . . . while keep- 
ing a vacuum-tight seal ! 

Using this development— ideally 
suited to mass production — RCA 
can now build television tubes of 
light, tough metal . , . using polished 
glass for the face, or "screen.” 

An achievement of research 

Development of this new tele- 
vision tube is a continuation of 
basic television research which 


began at RCA Laboratories. Such 
leadership in science and engi- 
neering adds value beyond price 
to any product or service of RCA 
and RCA Victor. 


Examples of the newest advances 
in radio , television s and electronics — 
in action — may be seen at RCA Ex- 
hibition Hall , 36 West, 49th Street, 
New York . Admission is free. Radio 
Corporation of America , Radio City, 
New York 20. 




COftPOflJl TfOM of AMEnMCJk 

IVor/U Leac/er /n 7<t<7c//o — 7-irst /n ~7e/ev/s/on 


New RCA 16-mcli direct-view television 
tube fills gap between popular 10-mch 
tubes and the piojection-type recei\ ers. 











ACETYLENE CHEMISTRY 

JULIUS WALTER REPPE 
PB Report— 18852-s 

★ ★ ★ ★ 

1+ gives us great pleasure to an- 
nounce consent of the OFFICE 
of TECHNICAL SERVICES, DE- 
PARTMENT of COMMERCE, in 
Washington, D. C. for the privi- 
lege of editing and publishing 
P. B. Report 1 8852-s. For refresh- 
er details regarding Reppe 
Acetylene Chemistry may we re- 
fer you to CHEMICAL & ENGI- 
NEERING NEWS April 14, 1947 
issue, pages 1038-1042 and also 
the January, 1949 issue of SCI- 
ENTIFIC AMERICAN on “The 
Arrival of Acetylene.' 1 

The report reference as listed in 
November, 1948 issue of Bibli- 
ography of SCIENTIFIC and IN- 
DUSTRIAL REPORTS Vol. 10, 
No, 5, page 428, covers the fol- 
lowing: 

"Monograph on the recent de- 
velopments in acetylene and 
carbon monoxide chemistry. 
Original document 307 pages in 
length consisting of 1. Carbon 
monoxide — Chemical properties 
— Germany; 2. Acetylene — 
Chemical properties — Ger- 
many; 3. Vinylation — Germany; 
4. Ethylation — Germany; 5. Car- 
bonylation — Germany; 6. Acety- 
lene chemistry — Germany; 7. I. 
G. Farbenindustrie A, G M Lud- 
wigshafen, Germany. 11 

This very important document is 
now in process of publication 
and as a limited number of copies 
will be published (approximately 
500, of which f 00 are being re- 
served for foreign country con- 
sumption), we would greatly ap- 
preciate your indication as to 
whether you are interested. We 
are asking this in order to hold 
one or more copies for you, 
should you desire them. The 
price of this book will be $10.00 
and will be ready for distribu- 
tion on or before April 15, 1949. 

★ ★ ★ ★ 

CHARLES A. MEYER & C0. t INC. 

Translations and T ethnical Publications 

Grand Central Terminal Bldg, 

25 Vanderbilt Avenue New York 17, i 




S ns. 

Congratulations on the aiticle, ‘The 
Oedipus Myth,” by Eiich Fromm, in 
your January isrue. It makes a contribu- 
tion to many c aspects of social 

and humane _*vues. For one thing, it 
enriches twice-told tales by seeing mean- 
ings in them which still have bearing. 
The Broadway play Medea would have 
struck its audience as less remote— as less 
merely “a fine vehicle for Judith Ander- 
son” as one friend put it— had it been 
seen as dealing with the undying con- 
flict of matriarchal-blood and patriar- 
chal-authority themes. 

For another thing, the article’s mode 
of analysis renews our interest in the po- 
tentialities of understanding certain his- 
torical developments in terms of the 
changing role of the sexes. This is neither 
the economic struggle, as Engels was 
tempted to see it in The Origin of the 
Family , nor the sex struggle for access 
to the mother, as Freud so largely saw 
it; but as Fromm sees il, sex relations 
both reflect and perpetuate the particu- 
lar authority structure, the mode of 
thought, indeed the whole quality of the 
society. One might ask, for example, 
whether the United States is actually as 
“matriarchal” a country as observers 
often assert when so many ol our human 
relations resemble Creon’s methods, and 
even style of speech, rather than Antig- 
one’s. In the American middle classes, 
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LETTERS 

children aie olten not so much respected 
for their individuality— as one would find 
m some more “matriai chal” cultures— as 
deferred to for their nascent role as ar- 
biters of the new and carriers of the 
family’s hopes foi advancement. 

Finally, the article suggests a peispec- 
tive on the future. It giants the need and 
value of an advance from the limited 
blood ties of the matriarchal level of so- 
cial organization to the broader, and 
therefore necessaiily more abstract, ties 
of economy, polity, and ideology which 
are associated with the change to a moie 
patriarchal society such as our own. But 
it also asks: What would our society look 
like if it succeeded, without organiza- 
tional regression, in recap tui mg some- 
thing of the outlook-humane, concrete, 
equalitarian, and sensitive— which 
Fromm describes as typical for matriar- 
chy? 

DAVID HIES M AN , 

Law School 
Yale University 
New Haven, Conn. 


Sirs: 

In comment on Erich Fromm’s article, 
“The Oedipus Myth”: 

The ideas set forth are ol utmost im- 
portance, not because they present a 
plausible and, to the anthropologist, a 
consistent reinterpietation of the Oedi- 
pus theme in our society, but because of 
the view they hold for man’s destiny. 

Freud doomed man to Ins instincts 
and, if traced far enough, also doomed 
man to conform to the society in which 
he was born. Not only is this view a static 
one, inconsistent with progress— and man 
has progressed— but it presents a situa- 
tion in which there are no outs for man 
and little hope for the future. Fromm 
makes the point that man’s salvation lies 
in himself and that he is not bound by 
man-made rules. Tlie implication of this 
line of reasoning will not be fully appre- 
ciated for some time to come. 

There aie other important aspects of 
Dr. Fromm’s article which your readers 
can ferret out for themselves, and I hope 
you continue to carry articles by lnm. 

E. T. HALL, JR. 

Bennington College 
Bennington, Vt, 


Sirs: 

In your December article on alcohol- 
ism from the biochemical standpoint, by 
Boger J. Williams, the author moves 
from individual human variation in sus- 




What GENERAL ELECTRIC People Are Saying 


WILLIS R. WHITNEY 

Honorary Vice President; 

First Director of Research Laboratory 

Raw Material Is Infinite: All 
this (the new Laboratory) is a 
simple logical outcome of industrial 
scientific progress apparent all 
along. It is nothing compared with 
the opportunities of the future. 

I see all these youngsters in re- 
search around me now, and think 
of the prospects they have before 
them for understanding and har- 
nessing nature. The stock of raw 
material is really infinite. The diffi- 
cult thing is to find out how to make 
it useful. What most people don’t 
see. can’t seem to see* is that if you 
have an infinite supply, then any 
part of that infinity is infinite, too. 
Research is like a tree that broadens 
out as we look up from its base. 

Truth is that which someone 
discovers and describes as well as he 
can so that someone else can at- 
tempt to reach the same goal, and if 
there is repeated success by others, 
then w*e can say we have a grasp on 
some portion of the infinite. 

Opening of first section , new Research 
Laboratory , Schenectady , N. I r ., 
December 2, 1948 

ir 

E. F. W. ALEXANDERSON 

Consultant , General Engineering & 
Consulting Laboratory 

Rvmo Echo: Radar is an exam- 
ple of the type of invention which 
appears inevitably at a time when 
there is a demand for it. The 
scientific background was there, and 
the demand for it was War, or prep- 
aration for War. It is impossible to 
say who invented it first; it sprang 
inlo existence in several countries 
simultaneously. I am definitely not 
one of those who claim to have in- 
vented radar, but I can tell the 
story of how I came pretty close to 
it ten years earlier — and missed it. 

There was a demand for a method 
to measure the height of an airplane 
over the ground, and experiments 
were made by ground echo. There 
were several — and I was one of them 


— who had the idea that the near- 
ness to the ground would modify 
the electrostatic capacity between 
a radio antenna and the airplane. 
This idea proved to be impractical, 
but on experimenting with it, I 
stumbled on another idea by acci- 
dent. 

The apparatus was installed on 
an airplane, and T ,tried to find 
changes of the «... 'a tuning due 
to the proximity of the ground. The 
expected effect was not there, but 
instead I observed a periodic in- 
crease and decrease of the instru- 
ment indication when the airplane 
was continuously ascending or con- 
tinuously descending. This gave me 
the idea that we had a standing- 
wave pattern due to the echo from 
the ground. I then looked for the alti- 
tude distance between successive 
maxima and found that they were 
exactly half a wavelength of the 
radio frequency which we used for 
measurement. Then I told my col- 
laborators: '"Now I am going to 
tell you the successive altitude levels 
if you observe the barometric alti- 
meter and cover it so that I cannot 
see it.’’ We went up and down 
several times, and I called out the 
altitude levels coirectly. 

Royal Technical University , 
Stockholm, Sweden , 
October 7, 1948 

ir 

C. G. SUITS 

J r ice President and Director of Research 

Endless Frontier: It is clear that 
the United States is acquiring a 
great stake in the future of scientific 
progress. The stage is being set with 
great care, most of the actors know 
their lines and some exciting scien- 
tific drama is in the making. That 
American scientists will play a lead- 
ing part in World Science is very 


clear, for these great strides forward 
have been- made against a back- 
ground wiiieh has been largely 
stationary or receding, in the rest 
of the w orld . . . 

No clairvoyance is required to see 
that American science is acquiring 
tremendous momentum. The next 
few years will certainly bring a flood 
of new’ scientific facts to replenish 
the stockpile from which we drew 
so heavily for the defense of the 
nation a few years ago. In spite of 
the tremendous efforts which have 
gone, and are going, into research, 
science still presents an endless 
frontier to challenge future genera- 
tions of pioneers. 

Edison Pioneers, East Orange 9 N. J. 

February 11, 1949 

ir 

H. A. WINNE 

Vice President in Charge 
of Engineering Policy 
Chairman of Nucleonics Committee 

No Unreasoned Fe vr: How many 
of us really know what happens — 
from the standpoint of physics 
and chemistry — when we light a 
lire or when we turn on an electric 
lamp? Yet we know what fire and 
electricity can do; we know their 
possibilities and limitations; we 
know how 7 to use and control them. 
We realize their possibilities for 
harm — their dangers — but we know 
how 7 to protect against them, and 
we do not have an unreasoned wild 
fear of them. 

The same can be true of atomic 
energy, and each of us can then draw 
his own conclusions as to its prob- 
able economic and social effects, 

Syracuse University Alumni Association . 

October 21 a 19 18, 


If on. can fint uowi confidence in — 

GENERAL A ELECTRIC 



BUSINESS IN MOTION 


/a trtsLAs 





c^yi 



The device you see pictured here is an 
automobile light switch which controls 
parking and driving lights Probably few 
motorists have ever seen such a switch, 
because the body of it is concealed under 
the dash or back of the instiument panel. 
People see only the knob. Because the 
operation of such a switch is so simple 
and reliable, probably most people think 
it is equally simple in design 

The fact is, however, that its simplicity 
and reliability of operation are protected 
by design and materials that foresee the 
conditions and contingencies of use. This 
is typical of a great many products which 
are taken for granted 
by people who never 
realize how much fore- 
thought has been given 
to the creation of hid- 
den values that assure 
satisfaction. 

Take the matter of 
selection of materials 
The switch uses steel 
in several types and 
forms, brass, phosphor bronze, silver, 
canvas base bakelite, a felt washer to 
exclude dust, a plastic, and if you in- 
clude the fuse, lead and glass. All told, 
there are some 20 main parts. Of these, 
four are made of Revere phosphor bronze, 
used for contacts, contactor, and rivets, 
these being the parts m which the special 
qualities of phosphor bronze are essential. 

The fact that the use of Revere phos- 
phor bronze is confined to four small 
parts illustrates a basic Revere policy, 
which is that we recommend Revere 
Metals only for the purposes for which 


they are better suited If we were asked 
if we would recommend brass for the 
bracket and case, we would say that the 
steel being used is perfectly suitable, 
should last as long as the car, and has a 
minimum cost. 

We like to sell Revere Metals, but not 
to our customers’ disadvantage Our 
Technical Advisors are in constant con- 
sultation with manufacturers and do not 
hesitate to suggest whatever material 
will enhance performance or save money. 
Recently, for example, one of these engi- 
neers found a customer using a phosphor 
bronze for a cover plate, and remarked 
that a certain nickel 
silver would save as 
well and cost some- 
what less, since it 
would have adequate 
springiness, strength, 
and corrosion resist- 
ance in that applica- 
tion. On the other 
hand, substitution of 
phosphor bronze for 
nickel silver has been recommended from 
time to time It all depends upon the 
needs of the specific application 

This attitude of Revere’s is by no 
means unique, it is to be found through- 
out American industiy The one essential 
to make it resultful is that the supplier 
be taken as far as possible into the manu- 
facturer’s confidence, because only then 
can the supplier’s knowledge be made 
available. Every company is entitled to 
use the brains as well as the products of 
the firms from which it buys. Are you 
employing both? 



REVERE COPPER and BRASS INCORPORATED 
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ceptibility to what he calls “wide differ- 
ences among racial and national groups.” 
He then goes on to stereotype Amencan 
Indians and Irish as high in susceptibili- 
ty, and Jewish people as being relatively 
i Lon-susceptible. My point is that his 
theory, which seems plausible enough m 
application to individuals, is anthropo- 
logically unsound m its simphste racistic 
application to gioups 

Racistic explanations historically have 
made their points by eliminating the ef- 
fects of cultiue on human behavior. Dr. 
Williams should consult Hoi ton's '"The 
Functions ol Alcohol m Pnmitive Soci- 
eties* A Cioss-Gultuial Study” m the 
Quarterly Journal of Studies on Alcohol 
(Vol. 4, No. 2; September, 1943) 
Granted indioidual variations, the social 
and cultural function of alcohol (oi 
peyote, betel nut, kava, nicotine) intro- 
duces a selective factor which influences 
any statistical data. Obviously, lief ore 
one can weight a lactoi, one must isolate 
a factoi The acculturatcd Indian, lush 
ot al , remain unknown quantitatively 
and qualitatively to the biochemist. So 
long as this is tiue, biologistic science 
cannot scientifically comment upon them 
as gioups in instances where socially and 
euUmally dctci mined behavior is in- 
volved. 

What the anthropologist would say is 
the following. Human groups arc hu- 
man This means they aie social and 
cultural in natme and in operation, and 
cultural behavior is nol biologically de- 
termined. 


MARVIN K OPLER 


Chan man 

Department of Anthropology 
ancl Sociology 
Occidental College 
Los Angeles, CaliL 


Sn s. 

1 should like to call your attention 
to the iact that the source of one of 
ihe illustrations in your January issue 
is not propel ly ci edited. The illustra- 
tion appears at the bottom oi page 37 in 
an article entitled “The Upper Atmos- 
phere ” It was provided by Dr. C. W. 
Gartlein, director of the long-term Na- 
tional Geographic Society— Cornell Uni- 
versity Study of Auroia which was in- 
augurated in 1933. Under the heading 
“The Illustrations” m your January issue 
a photograph of the aurora made as a 
part of this program was credited only 
to Dr. Gartlein. Copyright acknowledge- 
ment to The National Geographic So- 
ciety was inadvertently omitted. This 
note is simply to set the record straight. 


Executive Offices: 

230 Park Avenue, Now York 17, N. Y. 


FRANKLIN L. FISHER 


Chief of Illustrations Division 
National Geographic Magazine 
Washington, D. C. 



SOME MEN WILL WAIT TEN YEARS 
TO ANSWER THIS ADVERTISEMENT 



The Years That Might Have Given Them So Much Will Pass On Forever , Casting Back a Look of S 


corn 


O UR files bulge with letters from men of great 
promise in business whose natural talents have 
been wasted on routine tasks. 

Business, for them, has become a squirrel -cage — 
they work harder e\ery year but progress no faster. 

Of the thousands of men who will read this mes- 
sage, only the ambitious few will send in the coupon 
which may mean the difference between success and 
failure. But ten years from now, many will write letters 
asking for a chance to rf catch up” on the years they 
have let slip by. 

"Years ago I should have thought about my 
business future. 

"What a world of difference it zvould have 
made if I had written this letter ten 
years ago . ” 

"I put it off — just put it off. 39 

These are the lost and discouraged men who were 
content to wait for success; men who had no definite, 
well-defined program which would carry them a little 
closer, each day, to their chosen goal. Delay stamps 
its footstep on die pages of time and always leaves regret. 


Send for " FORGING AHEAD IN BUSINESS' 3 

For men who want to do something about where 
they are going to be five, ten, twenty years from now, 
the Institute has published a 64-page booklet titled 
"Forging Ahead in Bus mess. * s 

Tins little book hat. been a source of inspiration 
and help to thousands of ambitious men. It is sent 
free <md without obligation— other than the obliga- 
tion to read it, absorb its contents and decide lor 
} ourself whether or not you wish to follow the 
program it describes. 

ALEXANDER HAMILTON INSTITUTE 

Dept. 670, 71 West 23rd Street, New York 10, N. Y. 

In Canada: 54 Wellington Street, West, Toronto 1, Ont. 


Alexander Hamilton Institute 

Dept, 670, 71 West 23rd Street, New York 10, N. Y 

In Canada: 54 Wellington Street, West, Toronto 1, Ont. 

Please mail me, without cost, a copy of the 64-page book — 1 
"FORGING AHEAD IN BUSINESS,’* 

Name 

Firm Name . . , 

Business Address 

Position 

Home Address * 
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ARCH 1899. “The desire of the 
American people to have a canal 
at the isthmus built with their 
own money and operated under their 
own control is very natural and perfectly 
proper. In a recent editorial upon the 
canal question The London Times says. 
'We are quite ready to admit that while 
our interests in the canal scheme are 
large, those of America are vital/ and 
what is openly and frequently acknowl- 
edged by England is tacitly admitted by 
every civilized people throughout the 
world.” 

“The recommendations foi the in- 
crease of the navy were based upon the 
fact that the Spanish war has greatly 
multiplied the lesponsibilities and duties 
which devolve upon the navy. With the 
acquisition of Puerto Rico and the Philip- 
pines our vulnerable coast line has been 
extended a thousand miles into the At- 
lantic and six thousand miles into the 
Pacific, and a navy that was scarcely 
adequate to the defense of our own 
mainland must be greatly augmented if 
it is to guard the scattered possessions, 
the thousand and one islands, which 
have come into our keeping as the result 
of the war." 

“A decade ago the imports of manu- 
factures were more than double the ex- 
ports of manufactures; now the exports 
of manufactured goods are 25 per cent 
greater than tire imports of manufac- 
tured articles. In ten years exports of the 
articles which we are considering have 
increased from $78,751,433 to $182,- 
336,503, and our magnificent trade bal- 
ance is today the envy of the world.” 

“One of Prof. Koch’s pupils. Prof. 
Wasserman, thinks that he has discov- 
ered a serum erne for pneumonia. Pro- 
longed experiments with rabbits and 
mice have convinced him that an anti- 
toxin is produced in the red marrow of 
their bones and in the marrow of human 
beings who have died from pneumonia.” 

“Drs. Lange and Melzing, of Vienna, 
have succeeded in taking photographs of 
the mucous membrane of the stomach in 
the living subject. A stomach tube some 
60 centimeters long and with a diameter 
of XI millimeters is provided with an 
electric light at its lower end, and at the 


upper end is a camera The stomach is 
first emptied of its contents, and after 
being washed is distended with air. Then 
50 pictures or more can be taken in i apid 
succession in fiom ten to 15 minutes 
The apparatus can be turned on its axis 
so that all parts of the mucous mem- 
brane can lie photographed. The pho- 
toguiphs aie naturally very minute, but 
they can, of course, be enlarged to any 
extent,” 

“A new satellite of the planet Saturn 
has been discovered by Prof. William H. 
Pickering, at the Harvard College Ob- 
seivatory. This satellite is three and a 
half times as distant from Saturn as 
Iapetus, the outermost satellite hitherto 
known. The period is about 17 months 
and the magnitude 15b. The satellite ap- 
pears upon four plates, taken at the 
Arequipa Station, with the Bruce plioto- 
giaphie telescope.” 


M ARCH 1849. “Messrs. Beach, pro- 
prietors of the New York Sun, 
have negotiated for a lme of 
Telegraph, soon to be elected, hom 
Washington to the Sun’s editorial room, 
and from Boston to the same center. The 
object of the enterprise is to get the news 
moie correct than by the present tele- 
graphic companies, and to get it at all 
times, untrammelled by any other kind 
of business on the wires, but that of 
newspaper literature. This is the great- 
est undertaking on record, we believe, 
connected with newspaper enteipnse, 
and, what is very generous, other papers 
are invited to share the news on exceed- 
ingly moderate terms.” 

“That elegant and correct experimen- 
talist, Faraday, has shown that zinc and 
platinum wires, one-eighteenth of an 
inch in diameter and about half an inch 
long, dipped into dilute sulfuric acid, so 
weak that it is not sensibly sour to the 
tongue, will evolve more electricity in 
one-twentieth of a minute than is given 
by thirty turns of a large and powerful 
plate electrical machine in full action, a 
quantity which, if passed through the 
head of a cat, is sufficient to kill it, as by 
a flash of lightning.” 

“We have now the largest circulation 
of any other paper of the same nature, in 
the world. The information contained in 
Our columns is more useful than enter- 
taining, yet to the inventor, the lover of 


science and the intelligent mechanic it 
has peculiar attractions. On our subscrip- 
tion list are to be seen the names of 
dwellers in eveiy pait of the civilized 
world. This shows that our columns aie 
the somce to which the eyes and hearts 
of our own people and the people of 
other nations are directed for inclina- 
tion respecting American invention and 
discovery.” 

“Di. Edwaids, in Congress tried to 
abolish the law to grant Patents for 
Medicines, and several physicians in this 
State petitioned to have a law prohibit- 
ing their sale unless their composition 
weie printed on the labels. The physi- 
cians themselves should be compelled to 
tell the composition of their prescrip- 
tions upon the same principle, but no 
such bill can pass.” 

We have received a very interesting 
Repoit on the discovery of Letheon, 
bom the pen of Dr. Edwards, of the 
House of Repiesentatives Dr. Edwards 
was chairman of a select committee to 
whom was referred the memorial of Dr. 
Wm. T. G. Morton, of Boston, asking 
compensation from Congress fox his 
discovery of the anesthetic property of 
sulphuric ether. Dr. Morton’s claim is 
disputed now, it is well known, by Dr. 
Charles T. Jackson, of Boston, as it was 
also disputed by the late unfortunate 
Horace Wells, of Connecticut. The judg- 
ment of the committee is, that Dr. Mor- 
ton is entitled to the merit of discovery, 
and the merit they award him accoid- 
mgly ” 

The steamboat Hecla while leaving 
the Bayou Sara, La., lately unfortunately 
collapsed both flues of the larboard boil- 
ers, and the steam passing entirely 
through the main deck which was cov- 
ered with deck passengers, a great num- 
bei of them were scalded, and several 
killed. The full number killed and 
wounded is not known Three were 
killed instantly, and a number of others 
were missing. Between twenty and thirty 
were known to be scalded, some foui or 
five so badly that they were not expected 
to live. Are we never to have an end of 
this wholesale steamboat murder in the 
West?” 

“From the report of 1848, Submitted 
to Congress by the Commissioner of the 
Patent Office, it appears that the present 
population of the United States is esti- 
mated at 21,686,000 ” 





There are 10,000 pegs in this machine, representing 
1 0,000 subscribers in a crossbar telephone exchange — 
the latest switching system which handles dial calls 
with split-second swiftness. 

The pegs represent many -types of telephone users 
— two-minute talkers and ten-minute talkers . . . 
people who dial accurately . . . those who make a 
false start or two. They are starting a journey through 
a unique machine which analyzes the performance of 
dial equipment in a typical central office. 

But while an actual crossbar exchange connects 
your call in a matter of seconds, this counterpart 
moves far more slowly. It gives the Bell Laboratories 
engineers who built it time to observe what happens 


to each call — where bottlenecks develop, which parts 
are overworked or underworked, which of the circuits 
are most used. 

In a manual exchange, the number of operators 
may be changed to meet different traffic conditions. 
In crossbar, all switching is done by complex electro- 
mechanical devices, permanently built in. This ma- 
chine shows how many devices of each kind there 
must be in a new exchange to give you the best of 
service with a minimum of expensive equipment 

This traffic-study machine is one of the many in- 
genious research tools devised by the Laboratories as 
part of its continuing job — finding new ways to give 
you better and better telephone service. 



A BELL TELEPHONE LABORATORIES 

EXPLORING AND INVENTING, DEVISING AND PERFECTING, FOR CONTINUED IMPROVEMENTS AND ECONOMIES IN TELEPHONE SERVICE 
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PUMPS 41 

SUBTRACT AIR 
n ADD QUALITY 
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|N BRAZING 

OPERATIONS 


In this vacuum furnace, engineered and built by National Research 
Corporation, Cambridge, Mass., ultra-high quality brazing of large elec- 
tronic tube components is accomplished in a vacuum of less than one 
micron — *1 /760,000th normal atmospheric pressure! Kinney Vacuum 
Pumps, working with diffusion pumps, have made possible this outstanding 
achievement in Industry — brazing without oxidation under extremely low 
absolute pressures. The high volumetric efficiency of Kinney Vac- 

uum Pumps assures extremely fast pump down 
and very low absolute pressures, Kinney Vac- 
uum P um P s ar © ideal for exhausting lamps or 
;H)I tubes, sintering metals, dehydrating oil or 

S flJLgg ^ food products, and coating lenses. They are 

entirely dependable on all types of vacuum 
t processing systems and require minimum atten- 
' tion and maintenance. Perhaps low pressure 

processing with Kinney High Vacuum Pumps 
>' VjHb can ' m pTove your product and reduce its pro- 
^ uc *‘ on cos+ * Finney Single Stage Vacuum 
Pumps test to low absolute pressures of 10 
Kinney microns . . . Compound Pumps to 0.5 micron. 

Vacuum^ pLwip Bulletin V45 gives complete information. 


** Kinney 
Single Stage 
Vacuum Pump 
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THE COVER 

The painting on the covei shows the 
bones and leplicas of bones that are 
studied to tiace the evolutionary rela- 
tionship between reptiles and mam- 
mals (see page 40). In the left fore- 
ground is a cast of the skull of the 
mammal-like leptile Cynognathus 
crateronotus Otliei mammal-like rep- 
tiles are repiesented m the right foie- 
ground by a partly crushed skull of 
Lycacnoides angusticeps and in the 
center foiegiound by 11 b fragments 
and a left foot of Banna cynops. Pro- 
jecting into the pictrne from the right 
is the hont half of the skeleton of the 
mammal-hke leptile Lycaenops or- 
natus. To the left aie working draw- 
ings lor the study of its musculature. 
In the background are models of the 
less advanced reptiles Stegosaurus 
and Triceratops , and m the leit back- 
ground a mounted skeleton of the ex- 
tinct mammal Ursus spelacus. Behind 
the skull ol Cynognathus is a living 
representative of contempoiarv mam- 
mals, Mus muse ulus Its present hab- 
itat is the scene of this painting, the 
Preparators Laboiatoiy of the De- 
partment of Paleontology at New 
Yolk’s Museum of Natural Plistory. 
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ELECTRIC TIME SYSTEMS 

Proof Machines 

Electric Punched Card 
Accounting Machines and 
Service Bureau Facilities 
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Every clock in the building or plant showing 
the same uniform time to the second; signals 
ringing in synchronism according to any schedule; 
time recorders and time stamps uniform with 
system time— this is the new IBM Electric 
Time System with Electronic Self-regulation. 

This is the great advance in time control 
which utilizes electronic principles. Clocks 
are merely connected to the nearest AC current* 
and are self-regulated continuously and 
automatically day after day, year after year, 
WITHOUT SPECIAL CLOCK WIRING. 

The same time on every clock, on every signal, 
on every recorder— a real contribution 
to efficient coordination in your office 
building, school, hospital, plant, or hotel. 


MAIL THIS COUPON FOR MORE INFORMATION 

International Business Machines Corp., World Headquarters Building, 

590 Madison Avenue, New York 22, New York 

Please send me your free folder on the new IBM Electric Time 
System with Electronic Self-regulation. 
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I NCREASED sales of air conditioning 
systems and store coolers challenged 
the General Electric Company plant at 
Bloomfield, N. J., for faster produc- 
tion of refrigerating coils. 

Each coil must be absolutely leak 
proof. Underwater tests of coils filled 
to 300 pounds of air pressure some- 
times failed to disclose fine leaks.. A 
DPI high -vacuum pump was installed 
by General Electric production engi- 
neers to exhaust each coil. With it, the 
most minute leaks are detected. Leakage 
troubles with coils in the field have been 
virtually eliminated ... a happy result 
for the sales and service departments/ 
The DPI High Vacuum pump also 
cut exhaust rime, so that batches of 



coils are vacuum pumped, dried, ready 
for the introduction of freon gas at a 
pace three times faster than formerly. 

High Vacuum is finding more and 
more commercial applications— in frac- 
tionating many substances once 
thought undistillable, in making vita- 
mins and vaccines, in processing foods 
and chemicals. It has important places 


in electronics, metallurgy, nucleonics. 
Possibilities seem unlimited. 

Can you use high vacuum in your 
business, for producing a better qual- 
ity product, to cut manufacturing 
costs, or for exploratory research that 
may convert waste material into 
profitable commodities? DPI welcomes 
inquiry. Write 


Distillation Products, Inc. 

751 RIDGE ROAD WEST » ROCHESTER 13, N. Y. 


Distillers of Oil-Soluble Vitamins and Other Concentrates for Science and Industry ; Manu - 
r ^ 4 facfurers of High-V apuum Equipment. 
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In the days when cattle- 
men droie their stock 
across the unfenced 
prairie to the railhead , 
it was common practice 
among the least scrupu- 
lous to feed the cattle 
plenty of salt before they 
wei e offered for sale 
When they ice re allowed 
to diink their fill, the 
gain m weight ivas the 
buyer's loss. Hence the 
term lt watered stock ” 
sensationalized in early 
days of corpo?-ation reve- 
lations and regulations. 




Print from 
Bctcman 
Archive 


re you selling "WATERED STOCK?" 



WATER is just about our commonest 
material. In many places it is indispen- 
sable; in some places it is beautiful, but 
in others it contributes nothing but ex- 
tra weight and the risk of depreciation. 
To send a six-ounce orange North from 
Florida freight must be paid on over 
five ounces of water which the North 
has in abundance — and then it must be 
eaten quickly before it rots 

BLOOD PLASMA 

When World War II darkened the hori- 
zon Army doctors looked beyond the 
outright slaughter to the millions of 
wounded who might die in the field. 
Blood transfusion could save many but 
in a remote, devastated theater of war it 
was unthinkable — unless blood col- 
lected from a healthy population could 
be reduced, preserved, transported and 
reconstituted. To make this possible 
National Research Corporation took low 
temperature, high vacuum dehydration 
from the laboratory and developed it to 
the level of mass production. 


PENICILLIN 

Faced with an urgent wartime need for a 
universal antiseptic the English recalled 
the experience of Alexander Fleming 
with the blue -green mold, Penicillium 
Notatum. Under pressure the wonder 
antibiotic was accumulated — enough 
for a mouse, enough for a man, enough 
for twenty men — and then, grown by 
"kitchen culture” in millions of milk 
bottles, enough for an army. Again there 
was need for dehydration without heat 
damage and National Research’s high 
vacuum process now installed m sub- 
stantially all of the larger plants through- 
out the world, turned penicillin into 
powder at a rate to supply the world. 

ORANGE JUICE 

a During the war we experi- 
mented with the dehydration 
of many common foods; meat, 
fish, vegetables, fruits, coffee. Of these 
orange juice was the most promising 
with a nationwide market ready and a 
world market waiting. We had produced 
citrus concentrate and powder on a pilot 
plant scale. Near the war’s end we or- 
ganized “Vacuum Foods Corporation. 
For them we built and equipped a plant 
in Florida that now concentrates, for the 
national market, 75,000 gallons of juice 
a day. 

This new industry, producing some 
million cans in the 1946-47 season 


is expected to reach an annual produc- 
tion rate of 200 million in 1949. Within 
five years it is predicted that one-fourth 
of all Florida’s oranges will reach their 
market as concentrated mice In this in- 
dustry Vacuum Foods is the pioneer and 
leader. 


COFFEE 

The success story of orange 
juice will, we hope, be rewritten 
for coffee. For over a year we 
have been producing m small 
quantity a "crystalline coffee” — pure 
coffee essence, nothing more and nothing 
less . This small production is being mar- 
ket-tested through the local retail trade 
and a steadily increasing number of 
users have found out that coffee can be 
reduced to an instantly sbluble concen- 
trate, and still taste like good coffee. 


WHAT NEXT 

To anyone who is selling "watered 
stock,” not with guile but from necessity, 
National Research can offer a new pros- 
pect — lower cost methods of producing 
dry materials with instantaneously solu- 
ble structure. To apply our proven tech- 
niques of high vacuum dehydration Na- 
tional Research Corporation stands ready 
with a carefully chosen, experienced 
staff, with the newest equipment and 
with an accumulated knowledge of large 
scale low temperature dehydration that 
cannot be equalled anywhere. 
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IS THE ATOMIC BOMB 
AN ABSOLUTE WEAPON? 


P. M. S. Blackett maintains it is not, and 
derives therefrom some unusual conclusions. 
A reply to his argument follows on page 16 


by P. M. S. Blackett 


T HEBE seem to have been many 
people who were so deeply im- 
pressed bv the lesults of dropping 
two atomic bombs on Japan that they 
came to believe that the use of even a 
few atomic bombs would decide the 
course of future wars If tins were true, 
it would indeed seem rational to single 
them out from all other weapons and ar- 
maments for special treatment If, on the 
other hand, one concludes from an analy- 
sis of the past that even a large number 
of atomic bombs will not by themselves 
decide the course of future wars between 
great powers, and that there exist othei 
weapons of comparable power, then the 
problem of the control of atomic energv 
becomes part of the problem of general 
disarmament. 

Since onlv two atomic bombs weie 
used in the Second World War, and then 
only at a very late stage and under very 
special circumstances, it is by no means 
sufficient only to study what happened 
at Hiroshima and Nagasaki, on the con - 
trarv, it is essential to study the war as a 
whole and to attempt to assess the part 
played by other arms. 

The combined Anglo-American bomb- 
ing offensive in Germany had as its ob- 
jective ‘The destruction and dislocation 
of the German military, industrial, and 
economic system and the undermining 
of the morale of the German people to 
the point where their capacity for armed 
resistance is fatally weakened/' The re- 
sults of this bombing offensive were ana- 
lyzed bv the U. S, Strategic Bombing 
Survey. The remarkable and unexpected 
result was the discovery that German 


total war production continued to in- 
crease till the summer of 1944 in spite 
of die very heavy bombing. The report 
comments as follows 

‘These figuies demonstrate that Ger- 
man cities had a surprising resilience 
and extraoidmarv ability to recover from 
the effects of ruinous attacks The raids 
on Hamburg in Julv-August 1943 were 


EDITOR'S NOTE 

This discussion of the military and 
political implications of the atomic 
bomb by the Nobehst in physics for 
1948 is condensed hom his much- 
discussed book, just published in the 
U S with the title Fear , War , and the 
Bomb Some of the important issues 
raised by the British scientist are de- 
bated in this and the following article. 
The U. S. publisher of the book is 
Whittlesey House. The book, and 
the material taken from it here, 
are copyrighted by Dr Blackett. 


among the most devastating of the war. 
Yet, despite the deaths of over 60,000 
people, the total destruction of one third 
of all houses in the city and the disrup- 
tion of normal processes of living, Ham- 
burg as an economic unit was not de- 
stroyed. It never fully recovered from 
the bombing, but in five months it had 
regained 80 per cent of the former pro- 
ductivity, despite the fact that great 
areas of the city lay, and still lie, in dust 
and rubble. As in the case of industrial 


plants, when it was found much easier 
to destroy the buildings than the ma- 
chines in them, so also it is much easier 
to destroy the physical structure of a 
city r than to wipe out its economic life. 3 * 
A major success of the bombing of- 
fensive was the precision attack in 1944- 
1945 on transportation targets and 
specific industrial targets such as oil 
installations. The Survey sums this phase 
up as follows. 

“Not until the war m the air had been 
won, and the landings in the Mediter- 
ranean and France successfully accom- 
plished, were the heavy bombers free to 
exploit the victory in the air and attack 
m full force the centers of oil production, 
die centers of transport and other sus- 
taining sources of military 7 strength with- 
in the heart of Germany. . , . The great- 
est single achievement of the air attack 
on Germany was the defeat of the Ger- 
man Air Force.’ 5 

S O MUCH has been written of the 
effects on Huoshima and Nagasaki 
of the explosion of the two bombs that 
it is only necessary here to survey briefly 
the main facts. A plutonium bomb pro- 
duces a blast wave comparable to that 
which would be produced by the explo- 
sion of one lump of 20,000 tons of TNT. 
From careful surveys of the damage to 
various types of buildings, it has been 
calculated, however, that only a little 
over 2,000 tons of high-explosive bombs 
—for example, 10-ton blockbusters— 
would be required to produce the same 
structural damage as one plutonium 
bomb. The reason why this figure is so 






a 18 , a . nuclear pliysicist who served as a 

member of the British Advisory Committee on Atomic Energy until last year. 
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much lower than the figure of 20,000 
Ions foi the equivalent amount of TNT 
when exploded m one mass lies m the 
tact that such a veiy large explosion 
pulverizes nearby objects to a quite un- 
necessary degree, m fact, it “overlnts” 
the cential part of the target area, and 
so wastes a large pait of the energy. 

It is less easy to give a reliable equiva- 
lence for the civilian casualties produced 
by atomic and ordmaiy bombing. These 
depend to a very large extent on the dis- 
tribution of the people at the time of 
the attack between open places, ordmaiy 
houses, lemlorced concrete buildings 01 
specially constructed shelters, and so 
will be much gi eater for a surprise at- 
tack on an unpiepaied city than for an 
expected attack on a prepared city. The 
U. S Strategic Bombing Survey, how- 
evei, equates one plutonium bomb to 
some 2,000 tons of ordinary bombs m 
effect on peisonnel, and we will adopt 
this on a piovisional basis, remembering 
that m some cn cumstances the figuie 
may require considerable modification. 

In Older to assess the influence ot 
atomic bombs on the course of a lutuie 
war, it is necessaiy to estimate what 
changes are likely to occur by a given 
date in the destructiveness of the bombs, 
the methods of conveying the bombs to 
the target, and the defense. In general 
we will consider mainly advances that 
aie likely to be achieved, firstly, within 
the next five years, that is, by 1953, and 
secondly within the next 10 years, that 
is, by 1958. Foi the choice of these time 
scales there are certain definite leasons. 

It is clear that the only war in which 
atomic bombs aie likely to be used is one 
in which the main contestants aie the 
U. S. A. and the U. S. S. R. A penod of 
five yeais from now is the latest possible 
date at which one could reasonably ex- 
pect that the U. S. S. R. would not pos- 
sess at least some atomic bombs. The 
period of 10 years is chosen as the latest 
date at which it is at all leasonable to 
attempt to predict the pattern ol events, 

T HERE HAS been much discussion of 
the possibility of a “super bomb” 
probably using a nuclear reaction involv- 
ing hydiogen or lithium initiated by the 
explosion of a plutonium or uranium-235 
bomb. By this means scientists believe 
that an explosive power many times as 
great might be produced. However, this 
has so far not yet apparently been 
achieved, and its likely performance is 
still highly speculative. An increase m 
the explosive power of a bomb would 
yield increased results when the target 
is a large city, but it must be remem- 
bered that the piesent bombs are already 
unnecessarily powerful for use against 
many small but important targets such 
as a single factory or a single large ship. 
Though rockets of the German V-2 
type might possibly be built to carry an 
atomic war-head a distance of a few 
hundred miles, the technical problem of 



making such a locket with a range of 
1,000 miles or more is very formidable. 
The view of the American Navy has 
been expressed as follows: “For these 
and other reasons not here touched 
upon, it seems a wholly reasonable and 
safe assumption that rockets with atomic 
war-heads capable of thousands of miles 
of range are not to he expected for at 
least 25 yeais ” Certainly for ranges over 
1 ,000 miles and probably also for ranges 
over 400 miles, the only vehicle for the 
delivery of an atomic bomb with ade- 
quate accuracy within the next 10 years 
will be the conventional aircraft. 

Within the shorter of our two periods, 
that is, within the next five years, piloted 
bombers with a range over, say, 1,500 
miles, which can be expected to be in 
seivice in large numbers, will be so 
inferior in speed and maneuverability' 
as to be extremely vulnerable to contem- 
porary fighters, and probably also to 
improved anti-aircraft weapons. We con- 
clude, therefore, that repeated deep 
penetration of a heavilv defended ter- 
ritory is likely to be an expensive opera- 
tion. This is likely to be true both bv day 
and by night. For the development of 
radar lias made the night fighter nearly 
as efficient as the day fighter. So in this 
period we must conclude that effective 
intercontinental air war is not possible. 

In the latter part of our peiiod, that 
is, from 1953 to 1958, the prospects are 
not quite so cleai. It is possible that the 
speed advantage of fighters will be dras- 
tically reduced. But it is also possible 
that new and improved defense meas- 
ures will be developed. So it is likelv 
that, certainly till 1953 and probably 
also till 1958, any long-range bombing 
campaign must be carried out in veiy 
great force. 

An estimate of the scale of an atomic 
bomb attack which would have to be 
launched on a major continental power 
to have an important effect on its power 
to wage war can be made by noting the 
loss of territory and of industrial capacity 
by the Soviet Union in 1941 and 1942, 
and recalling that this still did not pre- 
vent her from eventually defeating the 
German armies and driving them from 
her territories. A huge number of atomic 
bombs would have been necessary to 
inflict on Russia as much damage as she 
actually suffered by the German inva- 
sion. In Germany some 400 atomic 
bombs would have been required to 
produce as much damage as was actually 
done by the Allied bombing offensive, 
which played by no means the decisive 
role in the defeat of Germany. 

I T MIGHT be argued that such a cal- 
culation of the number of atomic 
bombs, which are to be taken as equiva- 
lent to a given weight of ordinary bombs, 
is inadequate, on the grounds that it 
does not take into account the special 
properties of the atomic bomb. For in- 
stance, it has often been argued that the 


time factoi is of great importance: the 
aigument is that atomic bombs could 
be dropped, say, on all the major cities 
of an enemy country within a few hours, 
and that such an attack would have an 
altogether greater effect than if an equiv- 
alent weight of ordinary bombing were 
spiead out over many months. 

Though it is impossible to be quite 
sure of the effect ol such an intense but 
shoit attack, the following considerations 
aie relevant Firstly, it is most improb- 
able that such a widespread attack could 
be launched within a lew T hours against 
a well-defended country, owing to the 
huge air effort involved. For each atomic 
bomber would have to be accompanied 
by many other bombers, in order to have 
a good chance of reaching a distant 
target against heavy opposition. 

Then again, it is not certain that it 
would be a sound policy to concentrate 
the atomic bombs in time, even if it was 
possible For the disadvantage to the 
enemy of having a laige number of at- 
tacks to compete with at once would be 
partially, at any rate, offset by the short- 
ening of the tune during which defense 
measures, civilian evacuation, etc., 
would have to he maintained. In fact, 
one can see strong arguments for a 
deliberate policy oi spreading the at- 
tacks over a considerable period of time, 
in order to tire out the defense and 
weary the population. Only if large 
armies were ready for an immediate in- 
vasion would a very short-duration at- 
tack be advisable. 

The other common criticism of such 
numerical comparisons is that they neg- 
lect the psychological factor; this pre- 
sumably means that the “horror” of the 
atomic bomb is so great that a nations 
will to resist will be rapidly sapped. To 
this one can reply that, from the point 
of view of most of the individual victims, 
there is not much to choose between the 
experience ol heavy ordinary bombing 
and atomic bombing. Selected survivois 
of Hamburg, Dresden or Tokyo could 
have provided equally poignant material 
for the pen of a John Hersey as the sur- 
vivors of Hiroshima. Those who remem- 
ber the exaggerated expectations of the 
effect of the British bombing offensive on 
German morale current in the early days 
of the war will be skeptical of many of 
the easy predictions about the effect on 
morale of atomic bombs. The power of 
human beings to “take it” is immense; a 
determined people will learn to stand 
atomic bombardment, if that is their fate. 

It is clear that if Russia thought it a 
sound policy to drop bombs on America, 
she would certainly consider that it 
would be essential to accumulate a mini- 
mum stockpile of a few thousand before 
starting. Now the magnitude of the tech- 
nical and industrial problems of produc- 
ing bombs makes it likely that it will be 
many years before the Soviet Union will 
possess a large enough stockpile of 
atomic bombs to be useful against 


American cities. So, on this ground 
alone, an atomic attack on the U. S. A. 
by the U. S. S. R. is m the highest de- 
gree unlikely for very many years. 

The next question to he answered is 
how the U. S. S. R. would delivei them. 

In the heated imagination of the enthu- 
siasts for atomic warfare, it would only 
be necessary for thousands of long-i ange 
atomic bombers to take off secretly from 
au'fields within the Soviet Union to de- 
stroy the main cities of America within a 
few hours. We know now that the facts 
are different. Even if Russia at an early 
stage of such an imagined war had oc- 
cupied the countries of Western Europe , 
—a far from unlikely contingency if they 
were allies of America— she would still 
have no bases from which to launch ef- 
fectively such an attack 

I T SEEMS improbable that Russia 
would plan an attack on America, 
except as part of a coordinated offensive 
with all arms, which must necessarily in- 
clude invasion. A Soviet invasion of 
America is militarily impossible. Even if 
Russia controlled the whole of Europe 
including Great Britain, the invasion of 
America acioss the Atlantic would re- 
quire an enormous amount of shipping 
to cany the millions-strong invasion 
force required, and further would be ex- 
tremely easy to repulse since complete 
air superiority would rest with the de- * 
fenders. 

Even if the technical possibility of 
destroying American cities from Euro- 
pean bases is much higher than we have 
here estimated, such destruction, not fol- 
lowed up by invasion and occupation, 
would leave America time to recuperate 
and rearm, bitterly determined to take 
eventual revenge. Further, such action 
would alienate world opinion and tend 
to solidify a grand alliance against Rus- 
sia. The first Russian atomic bomb that 
fell on an American city 7 would be a de- 
cisive political success for the enemies of 
Russia all over the world. The lesson of * 
Pearl Harbor is clear. To strike a heavy , 
but indecisive blow at a powerful enemy, * 
without possessing the resources to f ol- - 
low it up by invasion and occupation of * 
the homeland, is to court disaster. 

Though many authoritative state- 
ments have been made discounting the 
possibility of “push-button war,” clearly 
the possibility exercises a great fascina- 
tion for many Americans. To be more 
concrete, the atomic bomb is seen in 
many British and American circles as the 
answer to the power of the Soviet armies, 
and the only answer that does not seem 
to involve large overseas military com- 
mitments. If not the atomic bomb, then 
“What else?” 

It is necessary to consider the possi- 
bility that in the event of war breaking 
out, America might begin her offensive 
with an atomic bomb attack on Russian 
cities. Though, judging by the press, 
such a move would be widely accepted 


IS 



m mam American circles as a natuial 
one, it might well be opposed by the 
armed services foi very strong military 
reasons. For the nnhtaiy, who alter all 
have the responsibility of canymg 
through such a war to a successful con- 
clusion. cannot fail to ask “What hap- 
pens next?” 

It is cleai that to any sustained atomic 
bomb attack on Russia within the next 
decade, there are possible Russian coun- 
termeasures, mainly with land foices, 
which would have the object of captui- 
mg the bases from which the atomic 
bombeis were operating, or if this were 
not possible, of neutralizing them as tar 
as possible by pushing forward her air- 
defense zone. Even the destruction of all 
the majoi cities of Russia would not im- 
pair the striking powei of the Soviet 
armies until many months had elapsed 
If one discounts the possibility— and all 
our calculations have shown that we 
must discount it— that an initial atomic 


bomb attack would cause Russia to ca- 
pitulate, then it is certain that such a war 
would be fought out m Europe on land, 
as weie the last two World Wais. 

If a wai of this type did occui, acute 
controversy would be ceitam to anse 
between the mihtaiy staff of America, 
on the one hand, and Fiance and Eng- 
land on the other, as to the advisability 
of the use of Anglo-French bases foi at- 
tacks on Russian cities by American 
atomic bombers. For, if that happened, 
England and France would expect to get 
atom-bombed— not America. And the 
military staffs of both European coun- 
tiies would ceitamlv be made aware by 
then political colleagues of the difficulty 
of convincing the public of each country 
that such a role was a reasonable one for 
then countries to undertake 

T HE MOST important deduction that 
must inevitably be drawn from our 
analysis is that any futuie war in which 


America and Russia aie the chief con- 
testants— and this clearly is the only 
majoi war which needs serious consid- 
eration— would ceitamly not be decided 
by atomic bombing alone On the con- 
trary, a long-drawn-out and bitter strug- 
gle over much of Europe and Asia, in- 
volving million-strong land armies, vast 
military casualties and widespread civil 
war, would be inevitable 

Unless oui analysis has been greatly 
m enor, the dangei of a Third World 
War m the next few years is much less 
than is generally thought. 

Meanwhile America's stockpile of 
bombs will continue to gi ow ever biggei 
and biggei, and at some uncertain date 
Russia's will start to giow too. Responsi- 
ble American statesmen will be bound to 
weigh veiy carefully the delicate ques- 
tion of when to begin again negotiations 
for the control of atomic energy, which 
they have just broken off. For the dangei 
of waiting too long is gieat. When Rus- 


A U. S. PHYSICIST’S REPLl 

Challenging the Briton’s strategic assumptions, 
he argues that a sudden air attack on military 
objectives would be decisive in any future war 


by Louis N. Ridenour 


E M.S. BLACKETT, Nobel Laureate 
in physics for 1948, is a scientist 
of distinction and outstanding 
ability. He is therefore capable, as all 
good scientists should be, of careful and 
objective lensonmg concerning matters 
that do not impinge too closely upon his 
faiths and implicit beliefs. Unfortunate- 
ly, the subject matter of his book. Fear , 
War, and the Bomb, suggests that Black- 
ett has allowed his pronounced political 
sympathies to warp his observations and 
his reasoning. They have apparently led 
him to suppress large numbers of perti- 
nent facts, to ignore many crucial techni- 
cal and political possibilities, and to 
depreciate the honesty and good faith 
of his government and of oms to an 
absurd degree. 

Blackett attempts to establish three 
main theses: First, that the effectiveness 
of strategic bombardment has been 
greatly overrated, through a misinter- 
pretation of the evidence of World War 
II* Second, that the atomic bomb will by 
no means have the impressive role in 
future wars which enthusiasts predict for 
it. Third, that the Soviet reaction to the 
Anglo-American proposals for atomic en r 
ergy control has been entirely reason- 
able, for detailed reasons which we shall 
examine later. , 

v ; Most writers whp have commented on 


Feai, War , and the Bomb (which was 
published m England last fall) have paid 
attention mainly to the political matters 
that come under the heading of the third 
thesis. They have usually ignored, 01 
even applauded, Blackett's views on stra- 
tegic air power and on the atomic bomb. 
Since he minimizes the militaiy useful- 
ness of these two components of armed 
strength, and since both aie, for the mo- 
ment, substantially U. S monopolies, his 
assertions are a mattei of sincere and 
immediate concern to eveiy American. 

Let us first consider the military sig- 
nificance of the strategic air campaign 
conducted in World War II Blackett 
discusses the area attacks upon centers 
of population which were carried out by 
the Royal Air Force; he concludes, m 
agreement with the Endings of the U. S. 
Strategic Bombing Survey, that the great 
destruction and loss of life produced by 
such attacks had little direct effect upon 
German war production. The U. S Army 
An Forces, however, devoted their at- 
tention not to such area attacks but to an 
attack upon target systems selected as 
being vital to the enemy war economy. 

Blackett dwells at considerable length 
upon the well-established fact that tire 
American bombings had little economic 
effect during all the months that pre- 
cede^ the summer of 1944. He gives this 


result its correct explanation The Ameri- 
can air commanders, who had started the 
stiategic air war m the belief that attacks 
on enemy industiy could bring a quick 
decision, soon learned that heavy oppo- 
sition fiom defensive fighters of the Ger- 
man Air Force so deranged the bombard- 
ment that its accuracy, and therefore its 
economic effect, was small. This difficul- 
ty being appieeiated, attention was 
locused on destroying the GAF. It was 
requiied of the bombers only that their 
attacks be sufficiently annoying to draw 
the German fighters into battle. 

B Y the spring of 1944, the GAF was 
wiecked. Just before the Normandy 
invasion (the success of which hinged 
largely on Allied air superiority), Gei- 
man ventures into the air were so haz- 
ai clous that a German pilot would be 
credited with an operational mission— a 
sortie m the face of the enemy— when he 
had merely ferried an airplane from one 
field in Occupied France to another. The 
Germans owned the land of Fiance, but 
we owned the air over it. Once the GAF 
was finished, the accuracy, weight and 
effectiveness of our bombardment 
promptly rose, and Germany's war eco- 
nomy was disrupted. Nearly three quar- 
ters of the total weight of bombs 
dropped on Germany were dropped 




sia has accumulated a stockpile of a few 
thousand bombs, her military strength, 
already very great by the size and effi- 
ciency of her armies, will be much en- 
hanced. We have already noted that 
atomic bombs may prove valuable tacti- 
cal weapons and even a hundred or so 
would be of great military value when 
used m conjunction with large-scale land 
operations, whereas such a number 
would bring no decisive results if used 
for area bombing of cities unrelated to 
other military operations If negotiations 
do not start until this situation has arisen, 
Russia will hold most of the cards 

Let us consider what are the essential 
conditions for future negotiations to 
have a reasonable chance of success. It is 
undeniable that any settlement between 
America and Russia must be based es- 
sentially on a bargain between the two 
States The bargain must be one in which 
both sides make comparable sacrifices 
and reciprocally receive comparable ad- 


vantages at all stages If America con- 
tinues to insist, as she appears to have 
done in the past, on treating atomic 
energy m isolation, then clearly there 
will be no possibility of a bargain, and 
so none for an agreement, until Russia 
has drawn more nearly even with Ameri- 
ca m the field of atomic energy. 

If, however, atomic energy is not 
again treated m isolation, if, that is. 
atomic bombs are considered along not 
only with other weapons of mass destruc- 
tion but with conventional armaments 
and land armies as well, then it is easy to 
see the possibilities of an agreement ac- 
ceptable to both America and Russia at 
a much earlier date. 

On this broader basis, Russia with her 
strong land army has something to bar- 
gain against America’s atomic bombs B\ 
taking conventional weapons and armed 
forces into consideration at the same 
time, it should not be impossible, though 
undemablv it would not be easy, to reach 


an agreement to reduce armaments gen- 
erallv. For instance, some kind of bar- 
gain might be struck between America 
and Russia, m which so many American 
atomic bombs and their carriers are held 
to be the military equivalent of so many 
Russian divisions 

When Russia has approached more 
nearly to the level of industrialization of 
America, there will be a better chance 
of reaching an agreement within the 
single field of weapons adaptable to mass 
destruction. For the present it seems 
moie hopeful to tackle the problem of 
general disarmament, even though this 
means the continued existence in the 
world of some limited number of atomic 
bombs, rather than to attempt to abolish 
all atomic bombs, leaving all other arms 
uncontrolled 


P MS Blackett is professor of physics 
at Manchester University , England . 


TO PROFESSOR BLACKETT 


after July 1, 1944 The attacks on trans- 
portation and on die oil industry weie 
especially effective. On March 15, 1945, 
the German Minister of Armament and 
War Production Albert Speer reported to 
Hitler that the total collapse of German 
industry was only four to eight weeks 
away. 

Though Blackett describes all this, his 
conclusion bom it is based upon the first 
phase of the air war over German) , 
when the economic effects were small. 
He thus assumes that m any future war 
it will be necessary to fight for and win 
air superiority before substantial eco- 
nomic damage can be inflicted by stra- 
tegic bombardment. While this mav be 
true of the stable phase of any futuie 
war, it is almost entirely beside the point, 
since effective air superiority will al- 
ways exist for a few days at the begin- 
ning of an an attack, and the atomic 
bomb is so effective that the destruction 
which took place m the 300 days that fin- 
ished Germany can be compressed into 
those few initial days. Let us examine 
the background for this view, which dif- 
fers so sharply from Blackett’s. 

Blackett justifies his faith in the effec- 
tiveness of air defense by an assessment 
of the future technical developments 
which he predicts for the next few years. 
He concludes (a) that piloted aircraft 
are the only proximate vehicles capable 
of delivering atomic bombs to strategic 
targets, (b) that they are of relatively 
short range, and will require forward 
bases within one or two thousand miles 
of the targets, and (c) that piloted de- 
fensive fighters can deal capably with 
attacks by piloted subsonic bombers. 

It is possible to quarrel with all but 
perhaps the first of these assertions. Ad- 
mittedly the accurate thousand-mile 


guided missile will not be available until 
some time in die future. How far off it 
is, under the present circumstances of 
vigoious technical development, is hard 
to predict, Blackett chooses to put it 
moie than 10 years away, and let us 
jom him. 

The second conclusion is wrong on the 
record. It is perfectly true that the B-29s 
of World War II needed bases within 
1,500 miles of their targets However, 
the standard heavy bomber of the U. S. 
Air Force todav is the formidable B-o6, 
the actual combat range of which, on the 
basis of published statements, appears to 
be at least 3,000 miles. Also, Blackett’s 
book was written too early to include 
any observations on the bomber range 
which can be attained by refueling in 
the air. The USAF has recently an- 
nounced trials which indicate that this 
simple technique will give B-29s and 
B-50s substantially a global range. 

Thus today’s USAF bombers will de- 
liver today’s atomic bombs from here to 
anywhere, provided that they are not 
successfullv intercepted. Blackett con- 
tends that they will be, and that the cost 
of operating unescorted long-range 
bombers m the face of enemy opposition 
will be prohibitive. This contention, too, 
can be debated. It rests upon an assump- 
tion that the fighter’s advantage over the 
bomber depends only upon the fighter’s 
edge in speed, and that this advantage is 
essentially independent of the actual 
speed at which the interception must be 
made. The assumption is grossly w ? rong, 
for reasons so lengthy and so technical 
that they are only hinted here. At high 
speeds, die maneuverability of a fighter 
is greatly reduced by the pilot’s tolerance 
for acceleration in a turn, and by the 
danger of stalling out of a high-altitude 


turn that is too sharp. This reduced 
maneuverability requires that intercep- 
tion commence at ranges which are often 
greater than the maximum distance at 
which a fighter pilot can see a bomber, 
even under perfect visibility conditions. 
Several other major difficulties beset the 
problem of bomber interception at high 
subsonic speeds, even granting that the 
interceptors have a substantial speed ad- 
vantage. 

In any case, the point need not be 
labored. Granting that unescorted bomb- 
ers w r ould not be safe against air de- 
fenses in the stable phase of an air war 
fought m die near future, it is important 
to turn our attention to die conditions 
that would obtain during the early days 
of an attack. It is my contention that the 
entire strategic air effort could be car- 
ried out without effective opposition m 
those few 7 days. 

A LL defenses m all history, particu- 
larly such complicated coordinated 
defenses as those involved in air defense, 
have required time and actual combat 
experience to build up to maximum effi- 
ciency. Thus, for example, the German 
daylight air attack on England in 1940, 
quickly opposed and mastered by the 
RAF as it was, nevertheless deposited on 
its targets a weight of bombs which 
would have been decisive if they had 
been atomic bombs. So did the German 
night campaign of late 1940 and early 
1941, though improving RAF defenses 
made the raids so costly that they were 
soon abandoned. I have documented this 
point with other examples in my chapter 
“There is No Defense,” in the sympo- 
sium One World or None (Whittlesey 
House, 1946). Blackett quotes exten- 
sively from that book, but nowhere re- 
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1 ci s to 01 relutes the piesent argument. 
The leason for the early Luluie of the 
defense is not far to seek. The defense 
must he eternally alert eveiy where 
against any form of attack, while the of- 
fense chooses its time and place and 
weapons, and thus achieves initial sm- 
piise m most instances, and local supe- 
riority in all. 

So long as the initial unmolested an 
attack had to be delivered m teims of 
old-fashioned “high explosives” and in- 
cendiaries, it could achieve a significant 
local success (as at Pearl Harbor), but 
could not be decisive. With atomic 
bombs, all this is changed. Blackett 
quotes, and agiees with, cunent esti- 
mates that one bombing aircraft cairy- 
mg one atomic bomb is equivalent m 
terms of practical destiuctive power to 
between 50 and 250 heavy bombers with 
old-fashioned bombs Unlike most other 
experts, he asks us to take comfort horn 
the ciicumstance that the number is not 
bigger. The German economy was cle- 
stioyed completely, according to the ai- 
gument which Blackett himself makes, 
in the 300 days from July, 1944, to April, 
1945, since there had been no significant 
economic effect eailici, we can diaw no 
other conclusion. This means that the 
bomber foiccs ol World War II could 
have achieved the same result in pci haps 
two days if they had used atomic bombs. 

What itu gels would be attacked in 
those two days? Blackett assumes that 
we would desire to destroy the cities of 
the enemy. lie even depreciates the 
value of strategic air attack on the 
giounds that the Russians might, in an- 
other war, occupy the whole of Europe, 
he argues that we would not, and dare 
not, bomb the cities of our iiiends. 

In terms of capabilities, we could 
surely use our brief initial air superiority 
to lay waste all the major cities of an 
enemy. In terms of mihtaiy realities, we 
would almost certainly not do so Black- 
ett himself has shown that attacks on 
cities had small lesult m Woilct War II, 
while attacks on specific mdustiial tai get 
systems brought the Goimans to col- 
lapse. This being so, even though theie 
is some evidence that an atomic-bomb 
attack on civilian populations might be 
much more effective than were such at- 
tacks with old-time “high explosives,” 
our decision would undoubtedly be to 
launch our strategic attack against care- 
fully chosen points in the fabric of the 
enemy's industry. There would be two 
cogent reasons for making this choice, 
1) the proved military value of such at- 
tacks; 2) the fact that the tremendous 
loss of iirelevant lives in city bombing is 
repugnant to any proper conscience. 

Since industries are not usually in 
cities but on the periphery, they could 
be attacked even though they were m 
occupied friendly countries. In the ab- 
sence of effective opposition during the 
first apocalyptic days, the bombing 
would be accurate, and there need be 



little indiscriminate killing of people liv- 
ing m the neaibv cities It is even possi- 
ble that the raids could be announced 
befoieliand, as Major General Curtis E. 
LeMay announced Ins taigets m a late 
phase of the Pacific an wai , without such 
an announcement aiding the initial air 
defense m any significant way. This, 
however, is speculation, and the risk 
might be legarded as too great to take, 

I N any case, anothei war is likely to 
involve, early in the conflict, the de- 
stiuction by one power of certain vital 
economic target systems of the othei. 
The airciaft pioducmg this destruction 
would carry atomic bombs, one of them 
would be moie temble than an entne 
old-faslnoned combat wing, while half 
a dozen would be equivalent to an old- 
time thousand-plane laid The weapons 
could be so used that the lingering iadio- 
activity spewed ovei the factories and 
the installations that were hit would 
deny their use foi months or years 
Othei aims, no doubt, would be in- 
volved in such a conflict. There is no 
quarrel on that point, indeed, our pies- 
ent pattern of military expenditure sug- 
gests that we put no complete reliance 
on strategic bombing with atomic weap- 
ons But to sav, as Blackett does, that 
long-i ange bombeis cannot be decisive, 
and that the atomic bomb changes noth- 
ing, is to asseit that the war economy of 
a nation is of no value to that nation in 
a war. Reduced to these basic teims, 
Blackett’s contentions are preposterous. 

The view heie piesented is not a 
pleasant one to take. Yet m today’s 
nervous and hostile world, we are com- 
mitted to a national policy of maintain- 
ing om aimed strength The long-range 
striking arm of that military strength is 
the strategic bombei, with its atomic 
weapons. Blackett does the Western 
world no seivice when he affects to deny 
the usefulness of strategic bombardment 
It may be that the very curious nature 
and the obvious bias of Blackett’s politi- 
cal remaiks will warn the reader that the 
military considerations he advances are 
also suspect. In the latter part of the 
book, Blackett presents the following as- 
tonishing arguments: Fiist, that the 
di opping of two atomic bombs on Japan 
in August, 1944, was the first move m 
the cold war, designed to forestall a 
Russian offensive in the Far East, Sec- 
ond, that the Baruch proposals for the 
international control of atomic energy, 
based with devilish ingenuity’' on the al- 
truistic program of a gioup of high- 
minded men, were another move m the 
same game, and were designed to put 
the Soviet Union at a moral disadvan- 
tage Third, that the scheme for control 
contained a thinly disguised attempt to 
deprive the Russians of an unparalleled 
opportunity to raise the living standards 
of their masses by the peaceful exploita- 
tion of atomic power. 

The usual reason given in the U. S. 


foi the timing of the use of the first 
atomic bombs is that the bombs were not 
leady earlier. The reason advanced to 
explain the natuie of their use is that a 
dramatic demonstration of the bombs 
power was felt to be necessary to con- 
vince the enemv of its effectiveness, as 
promptly as could he done The whole 
affair is said to have been calculated 
to result in the speediest termination 
of the war, and the smallest loss of 
American and Japanese lives. We have 
all this on the solemn public testi- 
mony of the men responsible foi the de- 
cisions. Blackett brushes it aside, he does 
not even summarize these arguments as 
meriting serious attention The closest 
that he comes to them is in what he calls 
the “Roman holiday” theory, that, hav- 
ing spent two billion public dollars on a 
weapon, the American people were en- 
titled to the bloodiest possible demon- 
stration of its effectiveness. He states 
that many Americans espouse this view, 

I know one who does not. 

O N Blackett’s assumption that we 
dropped the bombs to prevent the 
Russian grab m Manchuria (he does not 
call it that), how did we succeed? Rus- 
sia took Manchuria, a proceeding that we 
could not have prevented even though 
we wished to do so Consider also how 
we held hack at Berlin and Prague until 
die Russians got theie, m accoi dance 
with our agreements that their troops 
could enter these cities fiist. 

The second of Blackett’s political as- 
sertions that I have mentioned above is 
best dealt with by stating it in his own 
words. He says, comparing the Baruch 
and the Gromyko proposals for atomic 
energy control, “It is hardly likely that 
either the American or the Russian Gov- 
ernments had serious expectations that 
their proposals foi control would be ac- 
cepted by the other As has already been 
emphasized, the American proposals 
constituted a very shrewd move in the 
diplomatic cold war, promising concrete 
advantages in the event either of their 
acceptance or their rejection American 
diplomacy had maneuvered Russia into 
the disadvantageous position of having 
to reject a speciously fair offer.” 

Nothing I can say will make this as- 
sertion seem more absurd than it shows 
itself to be. Quite apart from the obvious 
sincerity with which the U. S. ap- 
proached this problem, it is more than 
I can manage to believe that our demo- 
crat! call v cumbersome and bumbling 
foreign policy can have reached the 
heights of guile suggested by Blackett. 

As to his argument concerning the in- 
dustrial apphcations of atomic energy, 
and Russia’s need for atomic power, one 
can only say that this is nonsense. To be 
the great industrial nation that she hopes 
to become, Russia needs power, indis- 
putably; but the sources of it now lie 
ready to her hand. Her coal reserves are 
the second largest in the world; her po- 


tential of water power is the hugest; by 
her own asseition her petroleum le- 
souices are larger than those of any other 
country. With this great wealth in the 
conventional powei sources, Russia 
should be less dependent on atomic 
power than any othei country. 

Further, the development of power 
from conventional sources is a straight- 
forward business which is well undei- 
stood by engineers. We are onlv in the 
faltering beginnings of the engineering 
of atomic power. How shall we deal with 
the great intensity of lethal ladiation? 
What structuial materials best resist it 
without change and failure? How do we 
transfer heat efficiently in a structure the 
design of which is dominated by the 
necessities of its service as a reactor? 
How shall we dispose of the intensely 
radioactive wastes? Can we make a re- 
actor that will both deliver useful power 
and “breed” new atomic fuel? How shall 
we guard against explosions? In view of 
these and othei vital questions, practical 
atomic power is too fai off to be a factor 
ol significance in past or current policy. 

A ltogether, Blackett’s book ap- 

- peais to be an elaborate and 
lengthy defense of a set of fixed ideas 
held at the start. J B. S. Haldane, one 
of Blackett’s colleagues in the British 
left, has said of him: “He has a mind 
which seems to be much happier with 
real things, which he can count and 
measure, than with the moie abstract 
forms. . . What is moie, he finds the 

tilings he is looking for.” Haldane’s re- 
mark, made m an altogether different 
context, is particularly apt as a descrip- 
tion of the way in which the ideas and 
arguments of Blackett’s book must have 
been arrived at. 

His ideas coincide remarkably with 
the standard Russian views. He belittles 
the atomic bomb— which Russia has not 
got, but wants. He depreciates strategic 
air power— which is tile only arm we 
have that can strike a blow at Russia 
(she does not fear our armies, surely, 
and she has no vital seaborne commerce 
to defend). He indulges in the most re- 
markable gymnastics of rationalization 
to convict us of chicanery in our external 
atomic policy— despite a U. S. proposal 
the generosity of which is unparalleled in 
the history of diplomacy. Blackett, and 
the Russians too, consistently refer to the 
limited world government which so 
many Americans desire as a “world 
hegemony” dominated by the U. S. 

Blackett’s argument carries its own 
antidote. The excesses and the absurdi- 
ties of the political views he urges are so 
clearly the result of bias, and so clearly 
dominated by pro-Soviet prejudice, that 
the whole work is suspect, and will ap- 
pear so even to the least discerning. 


Louis N, Ridenour is dean of the Gradu- 
ate College of the University of Illinois . 
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THE ALARM REACTION 


Im estimators at the University of Montreal have observed 
physiological changes in animals subjected to stress. Do 
similar changes take place in the harassed human animal? 


by P. C. Constantinides and Niall Carey 


I N BIOLOGY and medicine it is be- 
coming increasingly difficult to see 
the forest for the tiees. The speciali- 
zation of modern reseat ch leads into 
ever -nan owing paths. One man spends 
an entire lifetime studying a single hor- 
mone, another an enzyme, anothei the 
circulation of the kidneys. Year by year 
the data pile up; yet in some respects 
this vast accumulation of facts is leading 
us no nearer to an understanding of the 
living organism as a whole. Biologists 
have pushed so far into their individual 
tunnels of exploration, and theie arc so 
many tunnels, that the relation of one 
finding to another may elude discovery 
for years. Obviously we have reached a 
point where it is highly desirable to 
widen the view, to conduct lcsearches in 
breadth as well as in depth. 

At the Institute of Experimental Medi- 
cine and Surgery, the Univeisity of Mon- 
treal, Dr. Hans Selye and his team of 
biologists have been pursuing such an 
investigation for moie than a decade, 
with stimulating results. They have been 
studying the generalized leactions of a 
whole animal to the sti esses pioduced by 
its environment. A living organism con- 
sists of salts, enzymes, hormones, energy 
and a host of other elements, each of 
which may react in a specific way to 
some assault from outside; but the re- 
sponse of the organism as a whole is 
more than the sum of all these reactions. 
Life, and even death, is a chain reaction, 
and it is this linked process that Selye’s 
group has been examining. 

The particular focus of the investiga- 
tion is Die adaptation of animals to vari- 
ous types of severe or prolonged injury 
that affect large sections of the body. 
From this work has come the discovery 
that the animal organism possesses a 
general defense mechanism which it au- 
tomatically mobilizes against anv dam- 
age, whatever the cause. The principal 
agent of the mechanism is the endo- 
crine system. As the ^officers of the de- 
fense, the hormones qall upon various 
organs of the body for extraordinary ef- 
forts. If the stress becomes too greats the 
animal is destroyed by its own defenses, 
for ultimately the strain is conveyed to 
the heart and the circulatory system. 
Thus the research leads directly to a 




study of high blood pressuie, haiclenmg 
of the aiteries and heart failure- the 
pnncipal causes of death among human 
beings today. 

Selye started this work some 12 years 
ago as the result of certain unexpected 
findings during some experiments on 
rats. He was investigating theii specific 
responses to various chugs, poisons and 
gland extracts. He injected heavy closes, 
sufficient to kill the rats m a day 01 two, 
and made a careful autopsy of eveiy ani- 
mal. He was surprised to find that eveiy 
substance he injected produced exactly 
the same lesult in three of the animals’ 
in guns* I) the aclienal glands swelled to 
twice theii usual size and changed in 
color from yellow to In own; 2) the 
thymus witheied away; and 3) the 
stomach lining was spotted with bleed- 
ing ulceis. Tbe puzzling fact was that 
these reactions were caused by such 
widely diverse substances as atropine, 
strychnine, foimalm, crude pituitary ex- 
ti acts— all entnely different m chemical 
stiucture and mechanism of action. The 
only factor that the many agents had in 
common was that all were injected in 
quantities dangerous to life. Selye rea- 
soned that the responses he observed 
must represent a nonspecific icaction to 
general damage as such, regaidless of 
the specific agent that caused the dam- 
age. 

If this were true, other types of acute 
stress ought to provoke the same re- 
sponse. Selve tested this assumption by 
subjecting animals for some hours to 
cold, to excessive muscular exercise, to 
fasting, to emotional excitement and to 
numerous other kinds of injuries Sure 
enough, all these nonchemical types of 
stiess elicited m the animals the same 
unmistakable "alarm reaction” (AR), as 
lie called it. 

It was soon discoveied that certain 
characteristic chemical changes in the 
tissues and body fluids always accom- 
panied the AR. Among the first to be 
studied were the sugar and the chloride 
ions of the blood. During the first few 
hours of exposure to stress, it developed, 
both of these fall to subnormal concen- 
trations. After a few more hours, they 
rise above normal values. The t\vo pe- 
riods are now known respectively as the 


“shock phase” and the “coimtei -shock 
phase” ol the AR. 

AS a lesult of a gieat amount of work, 
done mostly in Canada and the 
U. S., we know considerably more about 
the AR today. Its anatomical and bio- 
chemical aspects have been studied in 
many othei species besides the rat. There 
is no doubt that it represents a geneial 
defense icaction against sudden stiess in 
many highei veitebrates, including man. 

The most dramatic changes dux in g the 
AR occux m the adrenal glands. The two 
ach enals of an aveiage human adult 
weigh together not moie than 10 giams 
—about one 7,000th of the total body 
weight. But they are extienicly impor- 
tant oigans, it they aie deslioyed, as in 
Addisons disease, death is inevitable. 
With tbe exception of the brain cenleis 
loi bi eafhing and vascular tonus, tbeic is 
no other equally small pait of the body 
whose destruction oi removal results m 
so quick a death. You can lemove both 
legs, two thirds of the livei oi a whole 
kidney and life will not be endangered, 
but li you remove an animaLs adrenals, 
it loses its resistance to the slightest dam- 
age and dies within a lew days. Obvious- 
ly, then, the adicnals bold a key position 
as legulatois of vital junctions. 

The gland has a capsule, or cortex, 
enclosing a marrow, or medulla It has 
been known since tbe beginning ol tbe 
century that tbe medulla produces ad- 
lenalm, a hormone that constiicts blood 
vessels, laises tbe blood pressure, and 
mobilizes sugai from tbe liver in emer- 
gency situations. The function of the 
cortex— the only portion that enlarges in 
the ahum reaction— is a more recent dis- 
cover y It is now known that the cortex 
produces lioimones indispensable to life, 
stonng them in fat droplets, or lipids, 
which give the cortex its yellow color. 
All of these hormones are steroids, that 
is, fat-soluble compounds with the same 
basic chemical structure as the sex hor- 
mones, the cancer-pi oducing bychocar- 
bons, the active ingredient of digitalis 
and certain other substances. At least 20 
adrenal cortex hormones are known. 

These are the messengers that mar- 
shal the alarm reaction. During the first 
hours of the AR, the hormones in their 



lipid vehicles aie rapidly discharged from 
the adrenal cortex into the bloods tre am 
and race to the tissues of the body. 
There they perform their various func- 
tions, of which two are definitely known. 
1) They keep the composition of the 
fluid cell environment constant, mainly 
by retaining salts, particularly sodium, in 
the solution between the cells. The 
most important salt-retaining hormone is 
desoxycorticosterone, more commonly 
known as DCA. 2) They promptly build 
up sugar, a ready energy donor, fiom 
other materials, particularly proteins. 

How important these two functions 
are can easily be judged from the fact 
that animals whose adrenals are re- 
moved die with their blood almost 
drained of salt and sugar. On the other 
hand, the injection of salt-retaining and 
sugar-forming adrenal hormones can 
prolong the life of such animals consid- 
erably, it also raises then resistance to 
otheiwise fatal stress. 

Yet the adrenal itself does not act in- 
dependently It is merely an executive 
of higher coordmating centers, from 
which it receives ordeis as to when to 
act, how much to act and what hormones 
to discharge The adrenal cortex, like al- 
most all other endocrine glands, is under 
the direct command of the anterior part 
of the pituitary gland— the “leader of the 
endocune orchestra ” If the pituitary is 
removed, the adrenal cortex shrinks and 
becomes inactive It can regain its noi- 


mal size and function only if a new 
pituitary gland is transplanted into the 
animal or if pituitary extracts ( i.e , hor- 
mones) are injected. 

Fundamentally, then, the AR is con- 
ti oiled by the pituitary. Remove this 
gland, and no AR can occui, when the 
animal is placed under stress there is no 
activation of the adrenals, no thymus de- 
struction, none of the other typical AR 
changes Yet the pituitary cannot act 
alone an animal whose pituitary is left 
intact but whose adienals are removed 
shows no AR m response to stress. 

Thus a long series of experiments 
clearly outlined the AR mechanism. 
Acute stress acts on the anterior pituitary 
through some unknown pathway, the 
pituitary replies by mobilizing the ad- 
renals, which discharge their hormones, 
which m turn destroy the thymus and 
effect most of the other changes. This 
process has been found to be set in train 
bv hundreds of damaging agents. There 
are, however, a few interesting excep- 
tions Certain stress agents can destroy 
the thymus directly in animals whose 
adrenals have been removed. A signifi- 
cant fact is that all these “unusual” agents 
have something to do with cancer. 

AFTER the alarm reaction was estab- 
A hshed, the next major step m the 
experiments was an investigation of ani- 
mals' long-range responses to stress. 
What would happen if the organism 


weie exposed to continuous, prolonged 
stress of an intensity below the lethal 
level, a stress strong enough to strain the 
defenses almost to the limit, yet not suffi- 
ciently overwhelming to silence all de- 
fense at once? 

Animals were subjected to sublethal 
daily stress with the same agents for 
several weeks instead of a few days. 
During the first few days, the oiganism 
responded with the usual AR. It showed 
the typical organic and chemical 
changes, growth and sex functions 
ceased, and all the signs of an intense 
tissue breakdown were present. 

As the stress continued unabated, the 
animals that survived the AR began to 
recover The adrenals started to refill 
their emptv stores with lipids and re- 
verted to normal size; the thymus began 
to regain its mass, and such substances 
as sugar and chlondes m the blood rose 
to normal or even higher levels. At the 
height of that state the organism had in 
some way accomplished an adaptation to 
the continuing stress. Its organs and their 
functions were apparently returning to 
normal. In some instances it was difficult 
to distinguish such animals from control 
animals not under stress. This stage, last- 
ing from a few weeks to a month or 
moie, was called the ‘'stage of resist- 
ance.” 

It should be noted, however, that re- 
sistance increased only against the one 
type of stiess employed from the begm- 



RATS ARE EXERCISED in a motor-driven drum at 
the University of Montreal’s Institute of Experimental 
Medicine and Surgery. When they are regularly subject- 


ed to this kind of stress, the rats develop the familiar 
symptoms discussed in this article: enlarged and discol- 
ored adrenals, a wasted thymus and ulcers of stomach. 
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mng It, m the middle of tins reco\’eiy 
penod, the stress against which adapta- 
tion developed was replaced bv a differ- 
ent one, the animals succumbed imme- 
diately. Quantitative experiments with 
graded amounts of stiess showed that 
while the animal's specific lesistance to 
the initial agent increased, its lesistance 
to any othei stress decreased 

The adaptation to the oiigmal stiess 
was not peimanent As the stiam con- 
tinued after the recovery period, the 
animals became progressively weaker, 
the adrenals enlaiged again and dis- 
charged their lipids, the thymus lost the 
mass it had recovered; sugar and chlo- 
rides fell to dangerous levels; after a few 
weeks all defenses collapsed and life 
ceased. This last “stage of exhaustion” 
was similar to the initial alarm reaction. 
The end was like the beginning. 

Thus the struggle of life against stress 
w as found to consist in three successive 
acts, all aiming at a balance which was 
not quite attained during the AR, was 
achieved during the stage of resistance 
but was lost again diuing the stage of 
exhaustion. Evidently the war of the or- 
ganism against damage was waged at 
the expense of a finite capital of “adapta- 
tion energy.” The whole battle was 
named the “general adaptation syn- 
drome” (GAS). 

T HE establishment of the GAS opened 
a number of fascinating fundamental 
problems. Life as a whole could be re- 
garded as a GAS that ends when adapta- 
tion energy runs out. More immediately, 
the phenomenon suggested some studies 
of great medical interest. 

Some types of stress are so severe that 
an animal can develop resistance for only 
a very short period; others permit a pro- 
longed adaptation before the animal be- 
comes exhausted. Animals can adapt 
themselves to cold, for example, for pe- 
riods as long as two or three months. 
And such animals presented quite un- 
expected changes The arteries were 
enormously thickened and then bore was 
narrowed almost to obliteration in nu- 
merous districts of the body; the heart 
was abnormally large and filled with 
nodules very like those appearing In hu- 
man rheumatic disease, the kidneys were 
largely destroyed through hardening and 
closing of their vessels— as in human 
nephrosclerosis— and the blood pressure 
rose more than 50 per cent. 1 In other 
words, long-lasting stress had produced 
in these animals hypertension and car- 
diovascular disease! 

This was a finding of the highest im- 
portance in experimental medicine. It 
suggested that these diseases might be 
caused by the pituitary-adrenal mecha- 
nism, perhaps by the excessive produc- 
tion of their hormones. If one could pro- 
duce the changes found in these animals 
by loading die organism with large quan- 
, tlfeies of pituitary and adrenal hormones, 


then at least some forms of degeneiative 
diseases would appeal to be the conse- 
quences of “over- adaptation,” i e , the 
defense mechanism that an animal de- 
velops dining the stage of piolonged re- 
sistance to stress. 

The experiment was made. A number 
of animals were dosed with large 
amounts of these hormones. Extiacts 
would not do for this purpose, foi one 
can never be sure how much hormone 
they contain or that they include every- 
thing produced by the gland m the natu- 
ral state. Fortunately the previously 
mentioned adicnal hoimone desoxy cor- 
ticosterone, or DC A, was available m 
puie, crystalline foim. Because chemists 
have not succeeded m synthesizing any 
pituitaiy hormones, it was decided to 
use the whole anterior lobe of this gland, 
powdered and suspended m watei In 
laboratory terms the pioduct, “lyophil- 
ized anterior pituitary,” is refened to as 
LAP Continuous injections of large 
amounts of DC A or LAP aie equivalent 
to the prolonged and excessive secretion 
of honnones by the adrenal 01 the pitu- 
itary, respectively. 

The results weie lemaikable. In three 
weeks the animals that were injected 
with DCA developed seveie liypei ten- 
sion and hardening of the kidneys. Those 
tieated with LAP showed a strikingly 
similar picture, though alter a somewhat 
longer interval. 

In medical research one can nevei 
lose sight of the ultimate objective, 
namely, the cuie of patients. The inves- 
tigator first devotes every effort to le- 
pioducing a disease m animals, and 
when he has succeeded he turns to the 
endeavor to destroy that disease. In 
searching fox ways to combat the diseases 
produced by too much hormone produc- 
tion, one of the most obvious taigets 
would be to try to neutralize the hor- 
monal excess, m other words, to find a 
chemical antidote. Logical as it seems at 
first sight, this is too complicated a task 
at present. In the first place, we do not 
yet know the chemical mechanism of the 
hormones’ action. Secondly, we must not 
forget that the organism needs those hor- 
mones, even if by overproducing them it 
poisons itself with its own defense sub- 
stances. 

A more practicable approach was sug- 
gested by experience m the treatment of 
other endocrine diseases. Some of these 
diseases can be alleviated by control of 
the diet. A case in point is diabetes, in 
which the basic trouble is a hormone de- 
ficiency. In moderate cases diabetes can 
be completely controlled by a diet low 
in sugar. 

It was conceivable that the experi- 
mental hypertension produced in ani- 
mals by overdoses of hormones or by 
stress might flourish on some diets and 
be suppressed by others. The animals 
were therefore subjected to a great va- 
riety of diets;, a process which had to be 


pursued by tual and eiroi because theie 
was little indication as to what diets 
might be helpful 

F ROM the many tests, two facts 
cmeiged cleaily. One was that exper- 
imental hy pel tension produced by DCA 
was markedly affected by salt m the diet. 
A high salt intake increased both the fre- 
quency and the intensity of the patho- 
logical changes caused by that hormone. 
Contrariwise, when the animal was fed 
a salt-free cheL, it was immune to liy- 
pci tension, even when considerable 
amounts of DCA were injected. The sec- 
ond finding was that hy per tension 
caused by stiess or LAP was not affected 
by salt at all but was influenced by pro- 
tein m the diet. A low-protein diet af- 
forded considci able piotection to the 
animals, while a high-protein intake ag- 
giavated the damage. 

Thus sodium favored the adrenal hor- 
mones, and piotems favored stress or the 
pituitary hormones m their injurious ef- 
fect on blood vessels and blood pressure. 
The why and wherefore of these results 
is still unknown. It may be that DCA 
cannot act without the simultaneous 
piesence of sodium. Peihaps the pituita- 
ry manufactures adicnal-stimulatinglioi- 
moncs fiom food proteins. Rcseaieh on 
these questions is now going on* One of 
the present objectives is to find out 
whclhei it is the total quantity of pro- 
teins that counts or a protein constituent, 
i c., an ammo acid. 

In any event, these experiments tend 
to strengthen the case for the widely held 
belief that some forms of human cardio- 
vascular disease aie due to hormonal de- 
xangements. Medical experience has 
taught doctois that patients with high 
blood pressure fare best on a low-so- 
dium, low-protem diet. This is exactly 
what the animals needed to withstand 
the destruction of then blood vessels by 
piolonged stiess or by lioi monos. 

The research of S dye’s group yielded 
another key fact, namely, that m this 
whole general pioccss the kidneys aie 
somehow deeply involved. Tliev aie 
early victims of damage in the resistance 
phase of the GAS or during the inunda- 
tion of the body with pituitary and ad- 
lenal hormones But they also seem to 
be something moie than passive targets. 
A great deal of work since the turn of 
the centuiy has shown that the kidney 
itself can become the active cause ol the 
most malignant hypertension. There is 
considerable evidence now that under 
certain abnormal conditions parts of the 
kidney tissue may stop their normal func- 
tion, which consists m filtering the blood 
and producing urine, and start produc- 
ing hormones that raise blood pressure. 
In the rat, this was beautifully demon- 
strated by what is now known as the 
“endocrine kidney” of Selye. By a surgi- 
cal operation that interferes with the 
blood supply of one kidney, the whole 



organ is trunsfoimed mto an endocrine 
gland, and m a few days the blood pres- 
sure rises to fatal levels. It is a particular 
feature of the endocrine kidney tech- 
nique that only one kidney is trans- 
toi med into a gland while the other gets 
all the damage 

Correlation of the evidence derived 
fiom all the numeious expenments on 
the GAS has led Dr Selve to formulate 
the following cunent hypothesis. Long- 
lastmg stress provokes an excessive pio- 
duetion of adrenal-stimulating honnone 
m the anterior pituitary, this forces the 
adrenal cortex to an intensive discharge 
of DCA-like hormones which, among 
other things, affect the kidney m such 
a way as to release hypertensive sub- 
stances. 

I N a sense the research is only begin- 
ning, Its implications are tiemendous. 
In the GAS we seem to see the merest 
outlines of a great biological chain reac- 
tion which can be set off by almost anv 
sti ess and which may frequently lead to 
the suicide of the organism. Some of the 
links m this chain are still missing, hut 
its essential stiuctuie has been amply 
confiimed As a result, large-scale re- 
seaich m this field is now* starting m 
main laboratories 

Should further reseaich prove that 
chronic stress can produce the same dis- 
order in man as m animals, it would 
appear that the most frequent and fatal 
diseases of today are due to the “wear 
and tear" of modern lire One might 
question whether stress is peculiailv 
characteustic of our shelteied civiliza- 
tion, with all its comforts and amenities 
Yet these very protections— modem la- 
bor-saving devices, clothing, heating- 
have rendered us all the more vulnerable 
and sensitive to the slightest stress. 
What was a mild stress to our forebears 
now frequently lepresents a minor crisis. 
Moreover, the frustrations and repres- 
sions aiising from emotional conflicts in 
the modem world, economic and politi- 
cal insecurity, the drudgery associated 
with many modern occupations— all 
these represent stresses as formidable as 
the most severe physical injury. We live 
under a constant strain; w T e are losing 
our ability to relax, w T e seek fiesh forms 
of physical or mental stimulation. 

Thus it w’ould not be surprising to 
find that much of our organic disease 
derives from psychological trauma, with 
the general adaptation syndrome as the 
bridge that links one to the other. If this 
he true, medicine may eventually find a 
cure for the consequences of stress; but 
prevention of the basic causes will re- 
main a task that lies beyond its reach. 


P. C. Constantinides and Niall Carey 
are research assistants in the Insti- 
tute of Experimental Medicine and 
Surgery at the University of Montreal . 




ADRENALS of a normal rat and of a rat that has been subjected to stress arc 
compared. The gland of the normal rat (top) is a tiny organ with a yellow- 
ish color which is due to droplets of hormone-hearing lipids. Alter stress the 
gland becomes greatly enlarged and its color is changed to brown (bottom ) . 




BLOOD VESSELS supplying a segment of rat intestine are similarly com- 
pared. The intestine of a normal rat (top) is supplied by line vessels. The 
vessels of a rat subjected to stress (bottom) are enormously thickened. The 
sclerotic vessels contribute to high blood pressure and death of the organism. 
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Atomic Energy 

H OW LARGE is the U. S. stockpile 
of atomic bombs' ? The question was 
raised last month by Senator Brien 
McMahon of Connecticut, chairman of 
the Joint Congressional Committee on 
Atomic Energy, who suggested that the 
Atomic Energy Commission prepare a 
report on the advisability of making the 
information public. He was rebuffed— by 
fellow members of his Committee, by the 
President at a press conference and by 
U. S. delegates to the United Nations, 
who notified the Security Council during 
a debate on armaments that thcie would 
be no release of atomic aims data. 

That the stock of atomic bomb mate- 
rials is now substantial was made fairly 
clear in the recently released semiannual 
leport of the AEG to Congress U. S. 
production of uranium 235 and pluto- 
nium, which fell off after the war, passed 
the wartime rate late in 1948 and con- 
tinues to rise. The improved bombs 
tested at Emwetok last spring have been 
or will soon be placed in production. The 
output of both bombs and fissionable 
materials will be further increased by 
the addition of new plants, to the con- 
struction of which is 'allocated 40 per 
cent of the $792 million budget re- 
quested by the AEC foi the coming 
year. 

The AEC report, the most comprehen- 
sive yet issued, ranges in detail ovei a 
huge program of activities— and prob- 
lems. Two of the three plants at Oak 
Ridge, it reveals, no longer produce 
U-235. The plant formerly used for the 
electromagnetic separation of U-235 is 
now employed in the purification of 
tracer isotopes. The thermal diffusion 
unit is being dismantled. Improvements 
in the gaseous diffusion plant have at 
least partly made up the loss of U-235 
output from the other establishments, 
and a large addition to the gaseous diffu- 
sion plant is to be completed by 1951. 

Plutonium production at Hanford has 
been raised above the wartime level 
through extensive repairs to the chain- 
reacting piles, which had been close 
to breakdown. The report adds that 
nuclear piles may eventually become so 
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poisoned by radioactivity that they will 
have to be shut down permanently. Con- 
sequently the several new plutonium 
piles to be built at Hanfoid this year may 
leplace rather than supplement the origi- 
nal Hanford leactors. 

Meanwhile the efficiency of the exist- 
ing nuclear fuel plants has been im- 
proved. Savings of 15 to 21 pei cent 
have been effected m several processes, 
such as the preparation of uranium oxide 
and the refining of metallic uranium. 

In regard to personnel pioblems, the 
AEC admits that “pi ogress has not been 
satisfactory.” To speed up the security 
clearance oi employees the Commission 
lecently issued a set of standard eligibil- 
ity criteria. These have added some new 
questions, such as whether an employee 
has close relatives in “Iron Curtain” 
eountiies They also require a foim of 
cleaiance, termed “security appioval,” of 
contractors’ employees whether or not 
they have access to secict matenal. In 
spite of the various steps taken, the cleai- 
ance pioceclure has not been acccleiated 
to the point where the AEC can tackle 
the long-standing pioblcm ol gi anting 
healings to applicants for positions who 
fail to obtain clearance. At present only 
those already on the AEC payioll have 
the right to a hearing. 

In its review of scientific advances the 
Commission reports that Los Alamos 
physicists have liquefied helium 3, the 
rare light isotope of that element. The 
temperatuie at which helium 3 liquefies 
is 3.2 degrees absolute ( — 269.8 degrees 
Centigrade), which is nine tenths of a 
degree below the boiling point of ordi- 
nary liquid helium. Not enough helium 
3 has yet been accumulated to determine 
whethei it behaves as a superfluid, like 
helium 4, or as a noimal fluid, as present 
physical theory predicts 

Among other discoveries is a new type 
of chemical reaction which may ulti- 
mately be of gieat importance. Woikers 
in several laboratories have found that 
when a salt such as potassium chloride is 
irradiated with neutrons m a pile to 
transmute chlorine 35 into sulfur 35, the 
product is not potassium sulfide, as ex- 
pected, but potassium sulfate. Nothing 
like this had been observed before. In 
some unexplained way the eneigy de- 
veloped in the pile oxidizes the sulfur 
from a sulfide to a sulfate. Since oxida- 
tion is fundamental to many processes in 
v chemistry, this new type of oxidation 
reaction may have important applica- 
tions. 

The AEC will soon build a large labo- 
ratory somewheie in the West to house 
the plant to be built for the Westing- 
house Electric Corporation to study the 


application of atomic power to ship pro- 
pulsion. It also plans to constiuct a new 
type of nucleai reactoi which will op- 
erate at the highest ladiation intensities 
yet attempted. This reactor will test ma- 
terials for still “hotter” piles to come. The 
plans weie announced by Robeit F. 
Rachei, plnsicist membei of the Com- 
mission, befoie the American Academy 
oi Arts and Sciences Bacher also de- 
senbed in moie detail the pieviously an- 
nounced experimental power piles to be 
built at the AEC’s Argonne and Knolls 
establishments. Both will ho “bieetleis” 
— icactors that create moie nuclear iuel 
than they consume— and they will utilize 
liquid metal to cany heat from the 
atomic ovens to the power plant propei 
The Aigonnc pile will use fast neutrons, 
the Knolls pile, the first of its kind, will 
operate on neutrons of in tei mediate en- 
eigy. In addition, the AEC is woikmg 
on the design of a low-power lesearch 
pile simple and inexpensive enough for 
construction at a number of laboratories 
now without pile facilities 

In June the Commission will publish a 
detailed repoit cm the effects ol atomic 
bombs. Tlie leport is being prepared by 
a large staff ol conti ibutois under the 
editorship of Norris Biadbiuy, dneclor 
of Los Alamos, and Joseph O. Hirsch- 
felder of the University of Wisconsin. It 
will covex blast, heat and radiation ef- 
fects of atomic explosions over land and 
m watei, and will discuss the problem of 
civil defense against atomic attack. 

Soviet Uranium 

A lthough the u s. s r. has no 

known uianium deposits as rich as 
those m the Canadian Arctic, the Belgian 
Congo or Czechoslovakia, low-grade oies 
aie plentiful enough to suppoit a Soviet 
atomic power mdustiy, accoidmg to a 
survey of Russian geological litciaturc by 
D. B. Shimkin of the Harvard University 
Russian Reseaicli Center. He leports m 
Science that piomising uranium -bearing 
deposits exist m three areas of the 
U. S. S. R The largest, in the Fergana 
Valley east of the Caspian Sea, have 
been mined on a commeicial scale foi 41 
years. They resemble, in composition as 
well as m size, the carnotites of the 
western U. S. The other deposits, of a 
different type, are in Siberia northeast of 
Lake Baikal, and in the Ukraine. 

The Feigana area, Shimkin points out, 
is well suited to atomic industry. The 
deposits are within 250 miles of a large 
hydroelectric plant at Tashkent. Trans- 
portation, labor supply and climate are 
favorable, and the area is distant from 
Russia’s western frontier. It may there- 




foie be one of the chief centeis of ciu- 
iciit Soviet atomic eneig\ efforts. 

Man-Made Mesons 

71,/TESOXS. the puzzling particles 
ItjL found m the debris of atomic nu- 
clei shatteied by cosmic rays (see page 
28), weie first pioduced artificially a 
yeai ago b\ bombaidment of atoms with 
*400 million- volt alpha pai tides T3ie\ 
have now been created by similar bom- 
bardments with X-ra\ s and protons The 
University of California Radiation Labo- 
ratory announces that mesons weie made 
by a beam of 300 million-volt X-ravs 
from its new synchrotron and bv 350 
million- volt pi o tons horn its 184-ineh 
cyclotron. 

The California synchrotron was placed 
in operation Januaiv IT. Invented inde- 
pendently by E. M. McMillan of the 
Radiation Laboratory and the Russian 
V. Veksler, the synchrotron is designed I 
to accelerate particles bevond limits im- 
posed on older machines by relativistic j 
forces. The California machine, the 
fourth of its type, and much the most 
powerful, is designed specifically to ac- 
celerate electrons, which gam ‘relativis- 
tic mass” very rapidly as their speed in- 
creases and which cannot he accelerated 
effectively at all in most types of paiticle 
accelerators. Because electrons are pooi 
projectiles, they are not used directly m 
bombardment experiments, but after ac- 
celeiation are converted to X-rays of 
equivalent energy. 

The production of mesons by protons 
was made possible bv modification of 
the 184-inch cyclotron, which had pre- 
viously accelerated only deuterons and 
alpha particles, to accelerate protons as 
well. Protons from the modified cyclo- 
tron have also generated a beam of 350 
million- volt neutrons. With the synchro- 
tron and rebuilt cyclotron, the Radiation 
Laboratory has an array of instruments 
able to accelerate nearly all the funda- 
mental particles into the cosmic-ray en- 
ergy lange. 

Chemistry of Heredity 

A SERIES of discoveries which fur- 
nish an important clue to the ulti- 
mate nature of the mechanisms govern- 
ing inheritance and the differentiation of 
tissue has been made by A. E. Mirsky 
and Hans Ris of the Rockefeller Insti- 
tute for Medical Research. 

Chromosomes— the bearers of heredity 
—are composed largely of proteins and 
the complex compound desoxyribonu- 
cleic acid. Little has been known about 
the role of these compounds in the 
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A Perkin ‘Elmer Infrared Spectrometer at the Research and Develop- 
ment Laboratories of Merck & Co., Inc., Rahway , New Jersey. One 
of its various uses is in the absolute quantitative analysis ofbenzyl- 
penicillin in complex natural mixtures. 

THE INFRARED SPECTROMETER AIDS 
IN THE PRODUCTION OF PENICILLIN 

asa result of Sir Alexander Fleming's discovery of peni- 
±\_ ciJlm, a vast scientific research effort has been made to 
devise manufacturing methods for this new antibiotic. An 
indication of the achievement of the program is the present 
availability and low cost of penicillin. 

Infrared spectrometry contributed greatly to both the 
research and production phases of the program. It was an 
infrared spectrum which provided an important key to the 
penicillin structure. And, at the laboratories of Merck &: Co., 
Inc. j a procedure based on the use of a Perkin-Elmer Infrared 
Spectrometer was developed for rapid, accurate benzylpeni- 
cillin assay. This problem has long plagued manufacturers 
since previous methods had required time consuming culture 
plate tests which do not accurately evaluate the benzylpeni- 
cilhn content in the presence of the other naturally occurring 
penicillin analogs. This is one of the many cases where the 
application of infrared methods is vital to the development 
and manufacture of important organic materials. 

We will obtain spectra of samples to study possible appli- 
cation of infrared methods to analysis . Submit your problem to 
The Perkin-Elmer Corp Dept 73, Glenbrook, Conn . 
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chromosomes. Cliiomosomes. found in 
virtually all cells of the bocl\ , are known 
to initiate and regulate the complex 
piocesses of growth. B\ caieful micro- 
chemical analysis, Mirsky and Ris deter- 
mined that every set of chiomosomes m 
the body cells of an individual contains 
exactly the same quantity of desoxyribo- 
nucleic acid. Sperm and egg cells contain 
precisely half this amount; thus their 
finding piovided chemical confirmation 
of the well-known fact that the chiomo- 
somes divide when sperm and egg cells 
aie formed. The quantity of protein in 
the chromosomes, on the other hand, is 
not the same m all body cells but de- 
pends on the type of cell (liver, muscle 
and so on) This suppoits the view that 
differentiation of tissues lesults from dif- 
ferent nucleoprotein-enzvme complexes 
in different types of cells. 

Mirsky and Ris, aftei studying a wide 
variety of vertebrates and mvertebiates, 
found that with certain exceptions the 
quantity 7 of desoxyiibonucleic acid in 
each cell is constant for all individuals 
of a species but vaiies from species to 
species. This suggests that, just as varia- 
tions m chromosome protein may under- 
lie tissue differentiation, variations m 
desoxyribonucleic acid may be the chemi- 
cal basis for the differentiation of species. 

f 

AMA Health Plan 

T HE American Medical Association 
is reported to be prepaiing bills of 
its own to implement a 12-point nation- 
al health program which it proposed 
last month as an alternative to national 
health insurance and the health piogram 
of the Truman administration. 

The AMA proposes the establishment 
of a Federal department of health head- 
ed by a secretary of Cabinet rank who 
must be a doctor of medicine. The de- 
partment would take over all medical 
and public health activities of the Fed- 
eral government except the military ac- 
tivities of the armed forces’ medical 
services. The other 11 points in the AMA 
program are. 1) Government support of 
medical research through the agency of 
a national science foundation, 2) exten- 
sion of the present system of voluntary 
hospitalization and medical care insur- 
ance; 8) establishment of a medical care 
authority in each state to administer state 
and Federal appropriations, which 
would include medical care subsidies for 
the needy; 4) establishment of rural di- 
agnostic and hospital centers; 5) expan- 
sion of local public health services; 6) 
support of the already authorized Fed- 
eral mental health program; 7 ) a national 
health education program; 8) Federal 
support for the care and rehabilitation 
of, the aged and the chronically ffl; $) in. 
tegration of veterans’ medical care facili- 
ties with those of other agencies; 10) 
greater emphasis on industrial medicine 
' prevention^ 11 \ Federal 
medical and allied schools v ' 7 



The AMA made public its piogram a 
lew davs aftei 138 piomment physicians 
had sent it a public letter. The letter 
cnticized the Associations failure to de- 
velop an effective piogiam for lmpiove- 
ment of the nation’s health and an- 
nounced the signers’ lefusal to pay the 
$25 assessment ordered by the AMA to 
finance an educational campaign against 
national health insurance The Kings 
County 7 Medical Society, among others, 
has voted disapproval of the assessment. 
AMA officials have now ruled that no 
action will be taken against doctois who 
lefuse to pay it 

Columbia Valley Authority 

A RILL to set up a Columbia Valley 
Authority similar to the Tennessee 
Valley Authonty is being prepared for 
introduction into Congress at the lequest 
of the President. 

If the bill passes, the CVA will launch 
a coordinated powei, irrigation, naviga- 
tion and flood control program for the 
Columbia River and its tributaries The 
Columbia system, by virtue of its huge 
volume of watei and swift falls, is the 
gieatest water power lcseive in the 
woild As a start, the Authoiity would 
take ovei Giund Coulee and Bonneville 
Dams and the wires ol the Bonneville 
Powei Administration loi integration 
Into a power grid covering Washington, 
Oregon, Idaho and part of Montana. 
The generating capacity already in- 
stalled at these dams totals 1.5 million 
kilowatts. This would be more than dou- 
bled by additional generators to be in- 
stalled at Grand Coulee and bv comple- 
tion of thiee huge dams now under 
construction— Hungry Ploise m upper 
Montana, Andeison Ranch m Idaho and 
McNarv on the Washington- Oiegon 
boundary. Eventual development of still 
other dam sites would laise the Colum- 
bia’s generation to more than seven mil- 
lion kilowatts— one-eighth the piesent 
capacity 7 of the entire electric 'power 
industry in the U. S. 

148 Million People 

A RECORD low death rate and the 
second greatest number of births m 
oui history combined to raise the popu- 
lation of the U. S. to 148 million at the 
beginning of 1949 If the present rate of 
growth continues, by 1950 our popula- 
tion will pass 150 million 

According to estimates by the Metro- 
politan Life Insurance Company, the 
death rate last year was 9.9 per 100,000 
—about one and a half per cent below 
the rate for 1946, the year with the low- 
est previous rate. The drop resulted 
largely from the continuing decline in 
deaths from tuberculosis and pneumo- 
nia, the mortality from which was re- 
spectively a fourth and a sixth lower than 
in 1946. Deaths from the communicable 
diseases of childhood were near the van- 


ishing point Maternal deaths also set a 
new low Only deaths from cancel and 
the caidiovascular-ienal diseases showed 
a use The average length of life was 
67.16 yeais, as compared with 66.86 
yeais m 1947. 

In 1948 theie weie 3,650,000 baths— 
only 260,000 below 1947’s recoicl. The 
population gam during the year was 
nearly two and a half million. For the 
decade 1940-50, the U. S. population 
mciease will probably total 17 million, 
the hugest gam m any decade m oui 
history Population experts believe that 
this recox d is not likely to be sur- 
passed m any decade m the loieseeable 
futui e 

Foreign Medical Graduates 

T liE Fedeiation of State Boards 
of Medical Exarmneis has pioposed 
that no doctois graduated from foieign 
medical schools since 1935 be permitted 
to take examinations foi licenses to pi ac- 
tice m the U S. The Federation also 
asked the Veterans Administration to 
cease paying the expenses of veterans 
studying medicine abroad. Only Cana- 
dian medical schools would be exempt 
from these interdictions. 

1 he Fedeiation said that the proposed 
prohibitions were neccssaiy “to keep 
medical standards at a high level and 
thereby piotect the public/’ It asscited 
that "it is generally known that there has 
been a marked deterioi ation m medical 
teaching and equipment” m medical 
schools abioad since J935. An apparent 
disagreement with this conclusion, so fai 
as Scandinavian medical schools are con- 
cerned, has been expressed in reports bv 
Dis Albeit B Sabm and Eugene B. Fer- 
ris, Jr , of the University of Cincinnati 
College of Medicine, who made postwar 
suiveys of Scandinavian and Polish 
schools. They found the Danish, Nor- 
wegian, Swedish and Finnish medical 
schools “of such caliber that the people 
licensed there should be admitted to ex- 
amination for licensuie heie ” 

World Economy 

T HE WORLD production of all goods 
and commodities was about 10 pei 
cent higher in 1948 than m 1947 and 
20 pei cent highei than in 1937, accord- 
ing to the United Nations Department 
of Economic Affairs Some of the acute 
postwar shortages of goods and food are 
n earing an end. 

Nearly all countiies last year had such 
large crops that the world food situation 
has been “substantially improved.” In- 
dustrial production, partly because of 
technological advances and increased 
labor productivity, recorded an even 
greater gain. Output in the first nine 
months of the year showed increases of 
11 and 32 per cent over the correspond- 
ing periods of 1947 and 1937. 

The improvement was by no means 



unifonn m all countries, however Most 
of the gam in industrial production was 
registered in Europe and the U. S. S. R. 
Severe shortages of manufactured goods 
continue in many parts of the world, 
notably in Asia and Latin America. 

Housing 

A CAREFUL study of the woild 
housing situation made at the dn*ec- 
tion of the UN Geneial Assembly finds 
that a thoioughgomg revolution m con- 
struction methods is necessary to ovei- 
come the planet-wide housing shortage 
The report proposes an international 1 e- 
organization of the building mdustiy. 

Europe alone has an accumulated 
deficit, going back to the First World 
War, of 14 million housing units. To 
provide only as much space per capita 
as was available in 1939 would take 22 
yeais of construction at double the pre- 
wai rate. At that rate Sweden might le- 
tuin to the position of 1939 m six years, 
but Greece would need 154 yeais, and 
some Euiopean countries would never 
close the gap between the housing avail- 
able and the needs of then inci easing 
populations. Yet with present building 
methods, even this minimum constiuc- 
tion rate is probably impossible because 
of lack of sufficient building materials 
The authors of the report suggest that 
one indispensable lequiiement is an in- 
ternational piogram to promote the de- 
velopment and use of prefabneation 
techniques One conti lbutor, Ernest 
Weissmann, director of the Industiv and 
Materials Division of the UN Economic 
Commission for Europe, pioposes the 
creation of a special international agency 
for lesearch on housing. 

IL S . S. R. Quits WHO 

T HE U. S. S. R., White Russia and the 
Ukraine have withdrawn from the 
Woild Health Organization, the only 
new specialized UN agency m which 
they still held membership. In notices of 
resignation to WHO, they said that the 
organization had failed to accomplish 
the tasks set for it by the World Health 
Conference in 1946 and that mainte- 
nance of its “swollen administrative ma- 
chinery involves expenses which are too 
heavy for member states to bear.” The 
annual assessment foi the Soviet repub- 
lics has been $350,000. The U. S. S. R. 
played an active role in WHO at the be- 
ginning but withdrew from work m its 
technical committees at about the mid- 
dle of last year. 

Meetings in April 

A MERICAN Philosophical Society 
- Philadelphia. April 21-23. 

National Academy of Sciences Wash- 
ington. April 25-27. 

American Physical Society. Washing- 
ton. April 28-30. 
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SHOWER OF F ARTICLES is released by a high- 
energy particle entering cloud chamber of W. B. Fretter 
at the University of California. Within the chamber are 
lb half-inch lead plates which compress into a few 



inches events that are spread out over much greater 
distances in air. The lead plates are here seen from the 
edge. The initial particle slants in from upper right. Be- 
low it is a burst of electrons and penetrating particles. 








COSMIC 



On its majestic journey through space the Earth jjasses 
through a harsh rain of atomic particles. Presenting a 
brief review of what is now known about the phenomenon 


T HE COSMIC RADIATION has 
been described as a bombardment, 
but this picture should not be taken 
literally The Earth is not a target at 
which some celestial artilleiy aims its 
missiles Our planet is a travelei in a 
universe m which all things move As 
it rides its vast curve through space-time, 
the Edith continually encounteis mov%r 
mg objects of many kinds: meteors and 
othei planetary fragments, ultia-high 
frequency radio impulses from distant 
sideieal generatois, the light of the Sun 
and stars, as well as the high-energy 
pai tides known as cosmic lavs 

Cosmic rays aie something Out Tlieie, 
like the 1 am into which a man goes— only 
it would be necessary for the nun to 
fall upwaid and sideways, as well as 
down, to provide an analogy to cosmic 
rays. For these enigmatic pai tides strike 
the Earth from all directions, and seem- 
ingly they aie eveiy where present m that 
part of the firmament thiough which we 
are moving 

The raindrops in any given rainstorm 
are fairly uniform and fall with approxi- 
mately constant sizes, masses, and velo- 
cities. Detectois have recorded such 
chveise particles as photons, electrons, 
positrons, mesons, protons, and heavier 
nuclear fragments. A few of those which 
reach sea level aie primary cosmic rays, 
but most of them aie offshoots resulting 
from collisions with air molecules From 
the top of the atmosphere to its bottom 
at sea level, the absorbing power of the 
air is equivalent to that of a jacket of 
lead 40 inches thick. Yet cosmic rays 
carrying 2,000 million electron volts 
have been measured at sea level. There 
is evidence that far higher energies are 
projected through the atmosphere, for 
cosmic rays have been detected in mines 
after penetrating several hundred feet 
of soil and rock. The upper limit of the 
primaries’ energy is not known, but 
nuclear explosions and other violent 
events produced by particles carrying 
10,000 million mev have been recorded, 
and there is circumstantial evidence for 
the existence of primaries moving with 
the force of at least a million million mev. 


by George W. Gray 

By conti ast, the energy released m the 
fission of the uranium atom is a puny 
200 mev 

The "'Natural Leak"’ 

No one knows how long the Earth has 
been traveling through this cosmic rain- 
storm The effect was discovered quite 
accidentally less than 50 years ago. The 
first hint came from the electroscope 
This simple instrument, which had been 
used for more than a century to detect 
the presence of electricity, was employed 
by Mane and Pierre Curie, Ernest Ruth- 
erfoid, Frederick Soddy* and others to 
measure l adioactivity. Essentially the 
appaiatus consists of two thm foils of 
gold leaf mounted within a glass jar on 
a well-insulated metal rod that pro- 
trudes from the jar. By rubbing the out- 
side end of the rod, a positive electric 
charge is communicated to the system, 
and because of the charge the two gold 
leaves repel each other and stand out 
from the rod like extended wings. The 
gamma rays emitted by radioactive ele- 
ments knock electrons out of air mole- 
cules, the electrons flow to the rod of 
the electroscope, neutralizing its charge, 
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and m consequence the gold leaves set- 
tle down. The radium investigates 
found that the time required for the 
electroscope to lose its charge was a 
measure of the intensity of the gamma 
ray s— provided, of com se, theie was no 
other influence also affecting the electro- 
scope. 

But it appealed that there was some 
other influence When the instrument 
was carefully isolated from all known 
sources of contamination, and a charge 
applied, the gold foils would stiffen and 
stand out from the electrode for days, 
but m time the charge oozed away and 
the foils drooped After some experi- 
menting the physicists found that they 
could predict the magnitude of this 
“natural leak’’ fairly closely; therefore 
they could allow for it and measuie the 
gamma rays with a good approximation. 
This took care of the immediate prob- 
lem of studying radium, but the source 
of the leak remained unexplained and 
haunted the investigators. 

They assumed that the leak was 
caused by the natural radioactivity of 
the Earth. It was known that rocks, clays, 
soil and even the lower atmosphere car- 
ried minute traces of ladioactive ele- 
ments. Conceivably the radiation given 
off by T these stray atoms might reach the 
electroscope. But three inches of lead 
would stop the most powerful gamma 
rays, and it was an easy matter to sur- 
round an electroscope with thick slabs 
and see what happened. It took the lead- 
jacketed instrument longer to lose its 
charge, but the leak was still there. Then 
the Canadian investigator, John C. 
McLennan and his associates carried an 
electroscope out on the frozen surface 
of Lake Ontario. They reasoned that the 
several hundred feet of water beneath 
the ice would provide a shield against 
the radioactive Earth; and indeed it was 
found that the electroscope did dis- 
charge more slowly, but even far out on 
the lake the extended leaves eventually 
collapsed. 

In Paris a Jesuit physicist, Theodor 
Wulff, carried an electroscope to the top 
of the Eiffel Tower, an altitude of 300 
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meters (984 feet) . Wulff found that up 
theie his instiument continued dischaig- 
mg, but at a late about one-half that 
he had measured down on the giound. 
To get still higher, Albert Gockel of the 
Umversitv of Fnbouig obtained a bal- 
loon. He made three ascensions m 19 Ki- 
ll, once to an altitude of 4,500 meteis, 
and found that the natuial leak was still 
detectable. 

Reports of these icsults leached a 
young Viennese physicist, Victor Fiancis 
Hess, and m the spring of 1911 he le- 
solved “to attack the pioblem by direct 
experiments of my own.” First he made 
a number of tests on the ground, setting 
out 1,500 milligrams of ladium and 
measuring the distances at which gamma 
lavs could be detected through the an. 
Fiom this study, Hess concluded that 
gamma i ays from the ground “are almost 
completely absoibed at 500 meters 
above the ground ” Next he designed 
and built several detecting instruments 
and took them up m a senes of balloon 
flights. As the balloon rose, the natural 
leak grew progiessively smallei until 
an altitude of 500 meters was leached, 
after that the effect mci eased, at 1,800 
meters it was equivalent to the value at 
the ground; and at 5,900 meters it was 
more than twice the ground value This 
discoveiy of the increase of the dischaige 
with altitude convinced Hess that there 
must be “a very penetrating radiation 
coming mainly Trom above and being 
most probably of extraterrestrial ori- 
gin.” Twenty-five yeais later his pei- 
spicacity was rewarded with a Nobel 
pnze. But at the time only a few physi- 
cists noticed his report, and even fewer 
bothered to look further into this strange 
“Hohenstrahlung” (high altitude radia- 
tion) 

One of the few who were keenly lm- 
piessed was Werner Kolhorster, an as- 
sistant in the depaitment of physics at 
the University of Halle. He lesolved to 
lepeat the tests at higher altitudes, ob- 
tained a larger balloon, and ascended 
to 9,000 meters At that elevation Kol- 
horster found that the electioscope 
leaked its charge about 13 times as fast 
as at sea level The coming of World 
War I interrupted these researches, and 
little more was done by anyone until 
after the war. Then in the early 1930s 
Kolhorster resumed his studies, and m 
America a new investigator joined the 
search Robert Andrews Millikan of the 
California Institute of Technology. 

Millikan wondered what the radiation 
effect would be in the stratosphere. It 
was out of the question for an observer 
to ascend to stratospheric heights, but 
readings might be obtained by sending 
up a self-registering apparatus. Within 
a few weeks Millikan and his research 
assistant, Ira Sprague Bowen, had de- 
vised an electroscope that could he 
wound up like a, clock and had a driv- 
ing mechanism to recharge it at ineas- 


ured mteivals Attached to it was a 
camei a which photographed a continu- 
ous lecord of the status of the electio- 
scope charge. The whole thing weighed 
only seven ounces, light enough to be 
lifted to high altitude by two sounding 
balloons Each balloon, filled with hy- 
drogen, was foui feet m diametei when 
inflated. Millikan and Bowen launched 
the combination from Kelly Field, near 
San Antonio, Texas, in Apiil oi 1922 
The balloons lose to 15,500 meteis 
(nearly 10 miles) and drifted for three 
and a half houis Then one balloon buist, 
accoidmg to plan, and the remaining 
balloon eased its load gently to the 
giound, landing near Houston. 

The expei iment provided additional 
evidence of the strange piopensity of the 
ascending electroscope to increase the 
late at which it leaked its charge. The 
phenomenon piesented many questions. 
For one thing, how penetrating was the 
radiation that caused the dischaige? Mil- 
likan now made that Ins chief study. 
Kolhorster also concentrated on it, and 
presently similar expei iments weie un- 
dei way m both Europe and America 

Millikan, G H. Cameron, and R. M 
Otis mounted elcctioseopes in water- 
pi ooi contameis, sank them metei bv 
meter m mountain lakes, and found that 
the effect coming from above was ap- 
preciable at the" greatest depths they 
weie able to test. Kolhorstei and his co- 
workeis took electioscopes into the Alps, 
measured the effect on top of glaciers 
and then in cievasses deep undei the 
glacial ice. The mystenous effect had at 
least 1 8 times the penetrating power of 
the baldest gamma ray. There could no 
longer be any doubt of its outside origin, 
and in 1925 Millikan named this pene- 
trating something “the cosmic rays.” 

Waves or Particles? 

But naming the foundling did not ex- 
plain its nature oi determine its origin, 
and now the seuicliers centeied their ef- 
forts on identifying the lays. Were they 
electiomagnetic waves like the gamma 
rays shot out of ladium? Or were they 
chaiged pai tides like the beta and alpha 
rays also ejected by the radioactive ele- 
ments? 

At first scientists weie inclined to fa- 
voi the first hypothesis, and there were 
ingenious speculations as to what proc- 
esses would be able to propagate such 
energetic waves through vast distances 
m space. But it was not long before Kol- 
horster and his associate W. Bothe ob- 
tained evidence which hinted that at 
least some of the cosmic rays were 
charged particles. When the cloud 
chamber was turned to the investigation, 
the hint became a certainty, for this in- 
strument makes the paths of charged 
particles visible. 

In the early years of cosmic-ray re- 
search, the most powerful magnet avail- 


able was not able to bend the hacks 
of many cosmic rays stieaking through 
cloud chambeis Carl D. Andeison, 
woiking with Millikan at California In- 
stitute of Technology, hit upon the 
scheme of inserting a plate of lead hori- 
zontally across the center of the cham- 
bei This layer of dense metal absorbed 
eneigy fiom the incoming cosmic rays, 
and Andeison found that then Ins mag- 
net was able to bend more of them. In 
some instances he photographed tracks 
that entered the lead plate with a slight 
curvatuie and emerged with a shaipei 
cuivatuie. By these means Andeison 
measured rays with energies of thou- 
sands of mev, and m the course of the 
studies discovered the fundamental pai- 
ticles now called the positron and the 
meson Charged particles are the only 
bodies which will sweive under the in- 
fluence of magnetism, thus it was cleai 
that the positron, the meson, and other 
cosmic rays that traveled through the 
magnetic field m curving paths were 
m atenal p ai tides . 

Meanwhile it had been pointed out 
that the Earth itself might provide evi- 
dence of the natuie of the rays. Oui 
planet is a big magnet, with one magnet- 
ic pole m northern Canada and the 
other m Antarctica, and the hues of 
foice connecting these poles reach into 
space. If the incoming cosmic rays were 
radiant energy, like gamma rays, thev 
would of course cairy no chaige and 
therefore would pass tlnough the Earth’s 
field without deflection But if they were 
chaiged pai tides, they would bend to the 
terrestrial magnetism just as the chaiged 
p ai tides passing through the cloud 
chamber respond to a magnetic field. In- 
deed, it was possible to calculate how 
much energy a charged particle needed 
to get through the Earth’s field. Calcula- 
tions showed that the value in high lati- 
tudes— that of Chicago, for example— was 
about 2,000 mev for protons moving ver- 
tically down; m intei mediate latitudes, 
c. g., Los Angeles, it was about 5,000 
mev; and at the equator, about 15,000 
mev. On this reckoning, protons with 
energies less than about 2,000 mev 
would be turned aside completely and 
therefore would never get into the at- 
mosphere at any latitude (except near or 
directly over the magnetic poles), while 
only those cairymg more than 15,000 
mev would be able to resist the magnetic 
deflection sufficiently to penetrate at the 
equator. The cosmic radiation, therefore, 
should grow more intense as the observer 
traveled toward the poles. This line of 
reasoning prompted the investigators to 
look for an effect that was correlated 
with changes in latitude. 

It was found by J. Clay in the course 
of making an ocean survey for the Dutch 
Government. This Amsterdam physicist 
carried an electroscope on his ship, and 
as he traveled away from the equator the 
discharge rate increased. In 1932, Ar- 



COMPOUND NUCLEUS of huge energy left this track in a pile of photo- 
graphic plates. The appearance of compound nuclei as well as protons 
among primary cosmic rays is a major new discovery. Plates were sent in 
balloons to heights of 80,000 to 100*000 feet l>y University of Minnesota group. 
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ihur H. Compton, then at the University 
of Chicago, organized an international 
survey which made observations on all 
continents, and on many islands, seas, 
lakes and mountains. Comptonls obser- 
vations showed that the variations m 
cosmic-ray intensity followed the Eaith’s 
magnetic latitude, as would be the case 
if the lays weie ehaiged pai tides 

Theie is also a west-to-east effect. It 
was discovered independently by Bruno 
Rossi m Italy and Entiea, and on this 
continent by Luis W Alvarez, then of 
the University of Chicago, and T. H 
Johnson of the Baitol Research Founda- 
tion Both Alvaiez and Johnson made 
their observations neai Mexico Citv, for 
it is m a latitude favoiable to such an 
inquiry. Each investigator used a cosmic- 
i ay “telescope ” This apparatus is a 
combination of two 01 moie cosmic-iay 
detectors mounted m vertical senes, one 
on top of the otliei. The combination is 
wired m such a way that only when a 
cosmic ray streaks thiough the entue se- 
nes of detectors does the instrument 
lecord the event. By pointing the tele- 
scope toward the sky at various angles, 
Alvarez and Johnson weie able to show 
that m Mexico City about 10 per cent 
moie radiation came from the west than 
from the east The effect changes with 
latitude, and m the neighborhood of 
Chicago it is about two per cent on the 
ground. 

This west-to-east effect is a highly 
important clue, because electromagnetic 
theory tells us that the influence of the 
Earth’s magnetic field bends positive 
charges in one dnection, and negative 
charges m the opposite. The preponder- 
ance of cosmic rays curving down from 
the west suggests that the primary rays 
aie predominantly of positive charge 
With each discovery the case for the par- 
ticle hypothesis grew stronger. 

The Ion Traps 

The only mfoimation we possess 
about cosmic ravs is m the debus left by 
their interactions with other material 
particles. The incoming rays mutilate 
atoms of the air and of other materials 
through which they pass, and it is by de- 
fining the mutilations and measuring the 
energies involved that physicists have 
learned all that is known of cosmic rays. 
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Sometimes the mutilation is relatively 
minoi . an electron is knocked out of its 
orbit in an atom, thereby depriving the 
atom of one negative charge and leav- 
ing it with positive charge. The electron 
is equally unbalanced by this rude sep- 
aration. Thereafter both mutilated atom 
and detached electi on are ions, i e , wan- 
deiers, and any charged object in the 
neighborhood will attract one or the 
other of them. 

Sometimes the mutilation is more 
drastic. The incoming paiticle may hit 
the nucleus of an atom head-on and 
knock it into many hagments, smashing 
out mesons, protons, neutrons and pos- 
sibly huger pieces Most of the nuclear 
fragments will be eithei positiveh or 
negatively charged, and therefoie they, 
too, will respond to the attraction of any 
charged object m the neighborhood. 

In consequence of this all-important 
role of ionization m revealing the pies- 
ence and properties of cosmic rays, the 
lcsearchers are primarily occupied with 
the business of setting up charged de- 
vices to serve as ion traps. The oldest of 
these is the pieviously mentioned elec- 
ti oscope The next ion hap to be used 
was the ionization chamber. This is an 
insulated vessel with two electrodes. The 
chamber is filled with air or another gas, 
and by imposing a positive charge on 
one electrode and a negative charge on 
the other, a trap is set to attract any posi- 
tive or negative ions that chance to form 
in the gas The flow of the ions con- 
stitutes an electric current, and the 
strength of the cunent indicates the 
degree of ionization 

The Gciger-M tiller countei is a modi- 
fied ionization chamber. It employs a 
higher voltage than an ordinary ioniza- 
tion chamber, and the voltage is so ad- 
justed that the flight of a single ion will 
cause a pulse of electricity 7 to flow 
through the system. Thereby it records 
each event of ionization and enables the 
observer to count them. 

Cloud ehambeis and the more recently 
developed photographic emulsions ren- 
der the paths of ionization visible. The 
more massive the ion, the more slowly it 
moves and the greater is the number of 
secondary ions it leaves to mark its path. 
An electron carrying half a million volts 
will produce about 30 pairs of ions m 
moving one centimeter through the gas 

ONE PRIMARY RAY may cause 
events outlined on opposite page. 
Some 21 ? 500 protons and 79 com- 
pound nuclei fall on each square 
foot of the upper atmosphere per 
minute. The number of primaries 
and secondaries at lower altitudes is 
shown in the table at the far left* The 
gray circles represent atoms in air. 
Primary ray (A) shatters the nucleus 
of an air atom (B) . From this “star” 
comes a neutron that disrupts an- 
other nucleus (C), A positive pi 


of the cloud chamber, wheieas the 
8,000-tiines more massive alpha particle 
may produce as many as 34,000 ion 
pairs m going the same distance. The 
width and density 7 of the cloud-chamber 
tracks are therefore of significance. And 
this is equally true of the tracks im- 
pressed on the photographic emulsion 
when a cosmic lay plows a track of ioni- 
zation thiough its molecules of gelatin 
and silver. Indeed, as Seige A Korff of 
New York University has pointed out, 

‘ photographic emulsions may be thought 
oi as similar to a continuously sensitive 
cloud chamber ” 

These five ty pes of ion traps are serv- 
ing as eyes with which to seek out the 
i ays and as hands with \\ Inch to sort and 
classify them Rockets earning ioniza- 
tion chambers, countei s, pliotogiaphic 
emulsions, and m some instances cloud 
chambers, have pushed the inquiry to 
altitudes of more than 110 miles, al- 
though theii flight time is rarely more 
than three minutes. Sounding balloons 
have lifted ion traps to altitudes of 20 
miles and kept them aloft foi hours, re- 
cording the cosmic ionization in that 
zone Recoi dings have been made m air- 
planes at elevations of six to seven miles, 
this technique having the advantage of 
permitting the observei to keep watch 
on what is happening. Several labora- 
tories have been established on moun- 
tains or high plateaus at altitudes of 
two to three miles, and these permit 
the use of more massive equipment and 
longer periods of continuous observation 
than is possible with the rocket, the bal- 
loon, or the ail plane. Finally, of course, 
there is the greatest activity of cosmic- 
ray research down at ground level; and 
for absorption studies use is made of 
mines and other subterranean or subma- 
rine depths. 

Primaries and Secondaries 

On the average some 21,500 cosmic 
rays fall per minute upon each square 
foot of the top of the atmosphere at lati- 
tude 41 degrees (which m the Northern 
Hemisphere is that of Chicago). Over 
the equator the number is less, and over 
the poles it is greater. Taking mto ac- 
count the geomagnetic effect, it is esti- 
mated that the total number of primary 
cosmic rays falling upon the whole at- 

rneson i D ) shot out by the first star 
may decay into a mu meson with the 
emission of a neutrino. A negative pi 
meson from the first star may pro- 
duce another pi meson (E) which 
also decays into a mu meson. The mu 
meson may in turn decay into an 
electron with the emission of two 
neutrinos (G). The star resulting 
from a proton (H) here manufac- 
tures a meson that knocks an elec- 
tron from its orbit (I) . The electron 
then begins a “shower” ( j and K) . 
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mosphere is about two million million 
million per second. 

Inasmuch as hydiogen is the most 
abundant element in the universe, the 
most numerous particles eneounteied in 
fiee space should be protons, the nuclei 
of hvdrogen atoms. And they are. One 
would also expect to find an occasional 
nucleus of a heavier atom, and this ex- 
pectation was realized last spring by 
physicists from the Universities of Min- 
nesota and Rochester. Examining some 
thick-emulsion photographic plates that 
had been exposed to cosmic rays at alti- 
tudes of 80,000 to 100,000 feet, they 
found heavy tracks of ionization that 
could be made only by particles heavier 
than protons. This discoveiy, perhaps 
the most important cosmic-ray find of 
1948, was made by Phyllis Freier, E. J. 
Lofgien, E P. Nev, and Frank Oppen- 
Iieimer, of Minnesota, and H. L. Bradt 
and S. Peters of Rocliestei. 

The sounding-balloon flights on which 
these compound nuclei were photo- 
graphed weie made from Camp Ripley 
m northern Minnesota* and the results 
were soon confirmed by Marcel Schem 
and his co-woikers at the University of 
Chicago. At Camp Ripley the compound 
nuclei range in mass from about four, 
that of helium, to about 96, the mass of 
molybdenum. At Chicago the photo- 
graphs have picked up no tracks of par- 
ticles heavier than about mass 36; and 
this failure of the' more massive nuclei 
lo get through appears to be a latitude 
effect, since Chicago is about five de- 
grees south of Camp Ripley. It is sig- 
nificant that at both latitudes v.eiy few 
tracks are found .of particles between 
mass four (helium) and mass 12 (car- 
bon). These intermediate masses are 
those of lithium, beryllium and boron— 
and cosmologists who weigh the abun- 
dance of elements in the universe report 
that litlnum, beryllium and boron are 
very scarce. A close relationship between 
cosmic-ray .physics and astrophysics is 
indicated, and several cosmic-rav col- 
loquia planned for 1949 are inviting 
astronomers to participate. 

The compound nuclei constitute only 
a tiny minority among the primary cos- 
mic rays. Estimates based on die most 
reliable data now available indicate that 
for every square foot of the top of the 
atmosphere over Chicago, for example, 
the 21,500 primaries coming in per min- 
ute include about 79 compound nuclei. 
The remainder are protons. 

These primaries, both protons and 
more massive nuclei, are traveling at 
various speeds. Some are moving with 
just enough energy to get. through the 
Earth’s magnetic field. Others are im- 
pelled by titanic energies. On the aver- 
age in intermediate latitudes die mean 
energy of the primary .cosmic rays is 
about 10,000 mev per particle. 

How the speed of a proton accelerated 
by 10,000 mev is about 185,000 miles 



per second Tins is not far below the 
velocity 7 of light. Accoi ding to the theory 
of ielativity,"the mass of a moving body 
increases with its speed, and when the 
acceleration leaches the velocity of light 
the mass becomes infinite. An Emstem 
equation shows that at the speed im- 
posed by 10,000 mev the mass of a 
pioton increases tenfold. It enters oui 
atmosphere with enormous momentum, 
and moves at a velocity which if un- 
checked would deliver it to the Eaith’s 
sin face in a 50th of a second or less 

But seldom is a particle able to pene- 
trate fiom the top to the bottom of the 
atmosphere. What happens after the 
primai y cosmic lays collide with the 
atoms of oxygen, nitrogen and the othei 
gases of the atmosphei e is a complicated 
sequence of many actions and interac- 
tions. The diagram on page 32 indicates 
the consequences of these collisions with 
as much definiteness as present knowl- 
edge will permit. As the pnmanes enter 
the atmosphere they begin to lose energy 
through collision. At 60,000 feet less 
than a third of the primary protons have 
survived But at this altitude an enor- 
mous population of secondaiy particles 
has been leleased, including secondary 
protons, neutions, mesons and electrons. 
As the siuviving primaries and second- 
aries plunge eai tlr ward into the relative- 
ly dense lowei atmosphere, the frequency 
of collisions mci cases, and the particles 
lapidly lose energy. The lesult is that at 
14,200 feet only a comparatively small 
number of the particles aie sufficiently 
eneigetic to be detected, and at sea level 
the number is still less. 

In detail, the sequence of events from 
the top of the atmosphere down to the 
bottom appears to be something like this . 

- 1. The primaries (protons and com- 
pound nuclei) penetrate the atmosphei e 
until they collide with air particles. 

2. The collisions disrupt the nuclei of 
the atoms that aie hit, causing them to 
splinter into heavy fiagments, protons, 
neutrons and mesons. 

3. Each nuclear fragment then be- 
comes a secondary cosmic ray, and by 
the same process of collision may demol- 
ish othei nuclei, creating tertiary cosmic 
rays. They in turn create quaternary 
lays, and so on,, until the energy of the 
primary ray is dissipated. 

4. Four kinds of mesons— the heavy 
pi mesons of positive or negative charge 
and the lighter mu mesons, also positive- 
ly or negatively charged— are among the 
secondary cosmic rays set into action by 
the impact of the primaries. How the 
meson behaves as a cosmic ray depends 
on what kind it is. A positive pi will 
travel a distance ordained by the magni- 
tude of its energy and then disinte- 
grate, releasing a positive mu meson. 
But if the pi is negatively charged, the 
probability is that it will be attracted by 
the positive charge of some atomic nu- 
cleus, phinge headlong into it, and there- 


by cause the invaded nucleus to explode. 
The explosion may eject a mu. What the 
mu does also depends on its electrical 
charactei. If it is positively charged, it 
will decay with the emission of a posi- 
tive election. If negatively charged, the 
meson may be captured by the nucleus 
of some atom of the air, and eventually 
be absorbed by it, thereby releasing an 
election. Or, by collision, this negative 
mu meson may knock a satellite electron 
out of its orbit, and imp ait its energy to 
the caroming electron. Thus pi mesons 
produce mu mesons; and mu mesons by 
their various piocesses of capture, decay, 
and collision create oi release positive 
and negative elections. 

5 The lesultmg elections dart down- 
ward with the energies imparted by the 
mesons, and as they move they in turn 
mteiact with atoms of the air. They can 
interact m two ways. First, by collision 
they may endow other electrons with 
excess energy and send them flying out 
of their atomic oibits But a moic fre- 
quent occurrence is the cascading of 
electron-positron pahs This self-multi- 
plymg process, by which a single elec- 
tron may set off a tram of events to 
create hundreds and even tens of thou- 
sands of pans of particles m a fraction of 
a second, is the mechanism which pio- 
cluccs the most spectacular of all cosmic- 
uiy phenomena: electron showers. 

The Electron Showers 

Soon after the cloud chamber was fiist 
applied to the study of cosmic rays, in- 
vestigators found that occasionally they 
photographed the simultaneous tracks of 
two or more paiticles. Sometimes they 
would lecord scores of paths m a split 
second, all traveling paiallel oi nearly 
parallel paths. These were called air 
showers, since it was presumed they 
originated in the air some distance above 
the cloud chamber. Other showers were 
more local, with their sources apparently 
neaicr at hand. And when the scheme of 
slowing down the cosmic lays by intro- 
ducing a plate of lead across the cloud 
chamber came into use, the observeis 
began to get local showeis spiaying out 
from the lead. Perhaps the most aston- 
ishing of the shower phenomena was that 
reported by the French physicist Pieire 
Auger, tie installed a number of Geiger- 
Muller counters on the giound and 
wired them so that only when all coun- 
ters were actuated simultaneously would 
the apparatus record. Auger then pro- 
gressively increased the distance sepa- 
rating the counters until they were dis- 
tributed over an area with a diameter of 
300 meters. Even over this broad area, 
covering several acres, Auger found that 
he could still get coincidences, indicating 
the spread of an extensive shower origi- 
nating high m the atmosphere. 

At first it was believed that showers 
were caused by atomic disintegrations. 



They weie described as bursts set off by 
the impact of a high-energy particle col- 
liding, m the atmosphere, with an air 
molecule, or, m the lead plate, with an 
atom of the metal. But the pai tides par- 
ticipating m these showers pioved to be 
almost entirely electrons, some of nega- 
tive and some of positive chaige, and it 
was difficult by the disintegration hy- 
pothesis to explain their predominance 
Then H. J. Bhabha and W Heitler m 
England and J. Robert Oppenhemiei m 
the U. S. called attention to the quantum 
theoiy of the formation of electron-posi- 
tron pans— and it was recognized that 
here was a consistent explanation of 
electron showers 

According to this explanation, the 
electron that the meson knocks out of 
an atomic orbit or creates by its own 
decay travels until it encounters an atom 
It may, of course, collide with one of the 
atom’s satellite elections, m which case 
it gives some of its energy to the struck 
electron and then the two speed on as 
two cosmic rays. But if the electron safe- 
ly ci*osses all orbits and reaches the 
electromagnetic field that surrounds the 
atomic nucleus, an amazing transforma- 
tion occuis. The impact of the electron 
on the electromagnetic field conveits 
some of the electron's mass into eneigv, 
and out of the field daits a gamma ray 
endowed with the energy imparted by 
the electron The gamma lay, tiavelmg 
at the speed of light, encounters the elec- 
tromagnetic field of another atom, and 
its interaction with this field accomplish- 
es another transformation, though of the 
opposite ordei. The gamma lav disap- 
pears, and out of the field pop an elec- 
tron and a positron, the pair between 
them carrying the energy of the lost 
gamma ray. Each membei of the pair 
soon encounteis the electromagnetic 
field of another atom, by its interaction 
produces a gamma ray, the ray in turn 
pioduces a pan, and thus the shower is 
perpetuated. 

Thus, by alternate transformations of 
mass into energy and oi eneigy into 
mass, a single particle sets off a cascade 
of events. The multiplication will con- 
tinue until the gamma rays degenerate 
to such low eneigy that they are no 
longer able to interact with an electro- 
magnetic field. What that lower limit of 
energy may be depends on the density 
of the material through which the gam- 
ma rays move, and it is lower for heavy 
elements than for light. In water, for 
example, shower production will cease 
when the energy of the rays has degen- 
erated to 115 mev, hut m lead the proc- 
ess will not stop until the rays are down 
to about seven mev. 

It is because of this density effect that 
putting a plate of lead in the path of 
cosmic rays will multiply the shower 
production. A 10,000-mev electron in 
passing through lead will activate its 
maximum shower at about four centi- 



CLOUD CHAMBER used in measuring the mass of mesons is attended by 
Robert B. Erode at the University of California. The chamber itself is at the 
lower left. Above it is a magnet, the field of which bends the paths of parti- 
cles. This apparatus and 184 -inch cyclotron have refined meson measurements. 
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PENETRATING PARTICLE {at left center) passes 
through lead plates in the cloud chamber of W. B. 
Fretter (page 28). The particle is probably a meson. 


SHOWER OF ELECTRONS and some penetrating 
particles is caused by a particle that has passed through 
most of the plates. Electrons leave the short tracks* 


meters’ distance from the upper suiface, 
producing about 100 particles and about 
150 gamma rays. But if the electron car- 
ries 1 5 000 million mev of energy it will 
produce a shower of about 10 million 
particles, the maximum cascade effect 
being reached m eight centimeters of 
lead. By contr ast, a shower initiated by 
the same 1,000 million-mev electron in 
water would not reach its maximum un- 
til 800 centimeters had been penetrated. 

But the cascade is not able to proceed 
indefinitely. As the thickness of the 
screen is increased, the population of the 
shower decreases until finally the ab- 
sorption is complete. A block of lead 15 
centimeters thick will absorb the heaviest 
electron shower. 

It is significant, however, that an occa- 
sional particle gets through even this 
dense screen, and 15 centimeters of lead 
is therefore the criterion for separating 
cosmic rays into two principal compo- 
nents. Whatever is stopped is called the 
soft component. This may include some 
slow protons and mesons of low energy, 
but predominantly the soft; component is 
made up of electron-positron pairs and 
their gamma rays* Whatever passes 
through the 15 centimeters is the hard 
component, and here again protons may 
be found and also neutrons, but the 
greater proportion qf these highly pene- 



trating particles— perhaps 90 per cent of 
them— are high-energy mesons. 

The Penetrating Mesons 

As soon as the presence of highly 
penetrating mesons at sea level was rec- 
ognized, scientists began to ask about 
their origin and whether they occur only 
singly, or also m pairs and showers The 
first convincing evidence foi a pan was 
obtained in 1939 by H. J, J. Braddick 
and G. S. Hensby of Birkbeck College m 
England. Working m a tunnel 30 meters 
under the London clay, they photo- 
graphed the cloud-chamber tracks of a 
meson pan that passed through 15 centi- 
meters of lead above the chamber and a 
lead plate two and a half centimeters 
thick inside the chamber. By 1944 G. D. 
Rochester at Manchester was able to 
show photographs of 18 separate show- 
ers m which the particles had pene- 
trated 53 centimeters of lead. From these 
experiments it was clear that high-energy 
mesons penetrate to sea level as single 
particles, in pairs, and in showers. 

Meanwhile, at the Dublin Institute for 
Advanced Studies, J. Hamilton, W. 
Heitler, and H. W. Peng had come up 
with a theory of origin. Accordmg to 
theta, the mesons are produced by the 
impact of a protom If the proton hits a 


single proton or neutron m an elastic 
collision, the result is a single high-ener- 
gy meson. If the original proton bangs 
into a complex nucleus containing sev- 
eral protons and neutions, the result is a 
shower of mesons. The Dublin physicists 
calculate that the proton must carry at 
least 2,000 mev to initiate a penetrating 
showei, and the energy may be many 
times that. The extensive showei s dis- 
coveied by Augei appear to be a combi- 
nation of cascading elections and pene- 
trating mesons. 

The high eneigy of the mesons made 
it difficult to photograph the beginning 
of a penetrating shower, lor invariably 
the shower started before it enteied the 
recording appaiatus. For several yeais 
W. B. Fretter has been experimenting at 
the University of California with differ- 
ent arrangements of cloud chambers, 
lead plates and Geiger-Muller counteis 
in the effort to set off and photograph 
penetrating showers inside a cloud cham- 
ber. In 1947 he installed a series of eight 
lead plates horizontally in a large cloud 
chamber, spacing them an inch apart. 
Each plate was half an inch thick, so any 
particle passing through all eight would 
have to penetrate four inches (more than 
10 centuueters) of lead. Fretter figured 
that some electron showers would be 
started in the upper stories of this leaden 
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PENETRATING SHOWER is made up of four par- LARGE CASCADE SHOWER of electrons commences 
tieles with sufficient energy to pass through many lead near the top of the chamber. In earlier stages electrons 
plates. At the lop of the shower is a burst of electrons. multiply, hut finally they are absorbed by the lead plates. 


edifice, but that as the particles pene- 
trated to lower floors, the solt component 
would he filteied out, and finally that the 
hard component might collide with 
nuclei ol lead atoms and produce pene- 
trating showers. What he expected hap- 
pened. He obtained photographs of the 
fanlike electron showers, of penetrating 
showers incident from the outside, and 
of penetrating showers originating in a 
lead plate. In some instances the pene- 
tiatmg shower started m upper plates, 
but more frequently m the bottom ones. 
In 1948, Fretter built a larger cloud 
chamber with 16 lead plates. During the 
summer this chamber was taken to Tioga 
Pass m Yosemite National Park and at 
that elevation (10,000 feet) it photo- 
graphs about four showers daily. 

The Third Component 

In addition to electrons and mesons, 
the cosmic radiation that reaches sea 
level includes a third and more massive 
component: protons and neutrons. All of 
the neutrons and most of the protons are 
secondaries, of course, and together they 
are less numerous than either the elec- 
trons or mesons; but many of them carry 
much energy associated with their heavy 
masses and cause powerful nuclear 
effects. Rochester and L. Janossy found 


that about a third of the penetrating 
showers aie produced by a non-ionizmg 
nidiation, presumably neutrons. 

It is because they cany no electric 
charge that neutrons are non-ionizing, 
and this makes them difficult to study. 
But neutrons do have a few preferences, 
and cosmic-ray exploreis have been able 
to adjust traps to their peculiar behavior 
For example, whenever a neutron of an 
energy up to about one mev encounters 

boron atom, the nucleus of the atom 
swallows the neutron and ejects an alpha 
particle. Serge Korff and E. T. Clark 
made use of this property in 1941 to 
study the production of neutrons among 
the cosmic rays, and since then the meth- 
od has been increasingly refined and 
improved, mainly by Korff and his asso- 
ciates at New York University. 

The neutron counter is distinguished 
from the ordinary Geiger-Mtiller counter 
bv its filling of boron trifluoride gas. This 
gas within the chamber provides atoms 
of boron to absorb the neutrons and eject 
the telltale alpha particles. In order to 
count the alpha particles, the voltage of 
the apparatus is adjusted to such a level 
that the instrument will respond only to 
the ionization generated by alpha par- 
ticles. Since each emission of an alpha 
particle represents the absorption of a 
neutron, the counting of alpha particles 


indicates the number of the neutrons. 

It is essential to know, however, that 
the neutrons come from outside the walls 
of the instrument, and to sort them into 
slow neutrons and fast neutrons. This 
information is elicited by an ingenious 
combination of shields. First the counter 
is surrounded by a shield of cadmium, 
and since this metal absorbs only slow 
neutrons and passes fast ones, the alpha 
particles released within the chamber 
give the count for fast neutrons only. 
Then the cadmium is removed and a 
shield made of a boron compound is 
slipped around the counter. Since boron 
absorbs both slow and fast neutrons of 
energies up to one mev, no cosmic-ray 
neutron below that energy level is likely 
to get through. By comparing the counts 
obtained under the various conditions of 
shielding, it is possible to determine the 
number of neutrons originating in cosmic 
rays, and to separate them into slow 
neutrons and fast ones. 

Korff and B. Hammermesh devised a 
mechanism that automatically changes 
the shields at two-minute intervals, leav- 
ing the counter unshielded for an equal 
period. Using this apparatus at sea level, 
on mountain elevations, and earned to 
the stratosphere by sounding balloons, 
the New York University group has ex- 
tended its survey of the neutron compo- 
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Bent to heights near 100,000 feet. These 
readings show that, like the other sec- 
ondary cosmic rays, neutions are more 
numerous in the stratosphere, and dimin- 
ish in population from there to sea level. 

Unsolved Problems 

Despite the advances made in sorting 
out cosmic rays, many questions remain. 
Theie aie periodic changes in the intensi- 
fy of the radiation as measuied at sea 
level a daily change, a seasonal change 
and a 27-day cycle The seasonal change, 
with winter m the Northern Hemispheie 
producing two to three per cent more 
mesons than summei, seems to be related 
to the solar heating of the atmosphere. 
Since the exposure to solar heat is greatei 
in summer, the air layers in which mes- 
ons are produced are shifted to highei 
altitudes and are less compact than m 
winter. The daily change, with the cos- 
mic radiation more intense at night than 
in the daytime, may also be related to 
tides in the atmosphere. The 27-day cy- 
cle, during which the. intensity of the 
cosmic radiation per 24 hours changes by 
about one per cent, parallels fairly close- 
ly the periods of the Moons revolutions 
and the Sun's lotation. But theie ap- 
pears to be no mechanism to i elate these 
phenomena to the cosmic radiation. 

However, the Sun does have an influ- 
ence, foi the solar bursts associated with 
sunspot activity, which sporadically en- 
velop the Earth in magnetic storms, un- 
questionably affect cosmic-ray intensity. 

It has been observed repeatedly that two 
to three days after the outbreak of a 
magnetic storm, the number of cosmic 
rays reaching sea level may drop as 
much as three per cent. 

There is another effect which seems to 
be coixelated with occasional magnetic 
storms, but which operates m just the 
opposite direction: the number of cosmic 
rays reaching sea level increases. This 
effect does not wait two or three days, 
hut manifests itself immediately after 
the solar outbursts. And the change is 
large— the rise being up to 15 per cent 
of normal intensity. There are only three 
records of such events— they occurred 
coincidentally with the magnetic storms 
of February 28, 1942; March 7, 1942; 
and July 25, 1946 The coincidences 
were first recognized by Scott E. For- 
bush of the Carnegie Institution of 
Washington. Forbush believes that more 
data are needed before a satisfactory ex- 
planation of this extraordinary intensi- 
fication of cosmic-ray activity can be 
given, and plans have been made to in- 
staff one of his instruments in the 11,500- 
f eef-high cosmic-ray laboratory that the 
University of Chicago maintains at Cli- 
max, Golo. 

The most fundamental of the unsolved 
problems of cosmic rays is their origin. 
Whatever sunspot activity may contrib- 
ute to enhance die cosmic rainstorm, it 


is able to account for only a small trac- 
tion of the ra\ s. Twenty yeais ago it was 
suggested that cosmic rays were by- 
products of cieation and represented en- 
ergy released by the synthesis of more 
massive elements out of hydrogen, a 
process that was presumed to be at woik 
m inters tell ai space. Another hypothesis 
posed the annihilation of atoms— the 
complete convex sion of their masses into 
energy. But the energy carried by the 
pi unary cosmic lays is far beyond any- 
thing that either of these processes could 
provide. The annihilation of the heaviest 
atom known m natuie— the complete 
conveision of the uranium mass into en- 
eigy— would release only 200,000 mev. 
As we have seen, theie is evidence ol 
primaries carrying several hundred thou- 
sand times that energy. 

Georges Lemaitre of Belgium has sug- 
gested that the primanes are the dust 
from a cosmic explosion that occurred 
about thiee billion yeais ago when the 
whole mass of .the universe was concen- 
trated in a single nucleus. Other cos- 
mologists postulate the influence of 
powerful electric or magnetic fields, oi a 
combination of both, as the force which 
endows the cosmic particles with then 
gieat energies. Such force fields conceiv- 
ably may be generated by the rotation of 
the Milky Way and other galaxies, or 
moie locally by double or individual 
stars. Last summer Horace W. Babcock 
ol Mount Wilson Observatory reported 
on a variable star with a changing mag- 
netic field. The field force of this star 
rises to plus-7,800 gauss, then in a matter 
of days leveises its polarity to minus- 
6,500 gauss. Babcock suggests that a 
fluctuating magnetic field of this magni- 
tude v provides a means of accelerating 
charged particles to the energies ob- 
served in cosmic rays. 

In 1943 the Swedish cosmologist 
Hannes Alfven cited evidence foi the 
existence of wandering magnetic fields 
that move about in the vast emptiness 
between the stars of the Milky Way. Re- 
cently Enrico Fermi of the University 
of Chicago proposed a new theory ol 
the origin of cosmic rays in which he in- 
terprets them as particles accelerated by 
repeated collisions with these wandering 
magnetic fields. The whole process seems 
beautifully logical, with the cosmic-ray 
particle proceeding from low energy to 
high, and then to higher and higher, by 
a sort of chain reaction of collisions. 
However, Fermi’s theory applies only to 
protons, and, as he has said in his paper 
communicating the theory to The Physi- 
cal Review, "the chief difficulty is that 
it fails to explain in a straightforward 
way ‘the heavy nuclei observed in the 
primary radiation/’ 

More knowledge is needed, more ob- 
servations, more year-round measure- 
ments pf the rays at different latitudes 
and different altitudes. Balloons will con- 
tinue to he the principal means of getting 


instruments to the top of the atmosphere, 
for they can keep the detectors at a given 
altitude for houis and possibly foi days. 
But lockets aie being made increasingly 
effective, and undoubtedly will play an 
important pait m the high- altitude le- 
search of the next few years. 

Most of the mountain observatories 
aie m middle latitudes. In Em ope, theie 
is a station on the Jungfrau (3,800 
meters), another near Mont Blanc also 
at 3,800 meters, an outpost m the Italian 
Alps (3,500 meters), and one at Pic du 
Midi in the Pyrenees (2,800 meters) . In 
South Amenca, obseivations have been 
made m the Bolivian Andes at 5,500 
meteis, but theie is no peimanent station 
theie In the U. S., two permanent higli- 
altitude stations for cosmic-i ay study are 
maintained in Colorado, one at Climax 
by the University of Chicago, the otliei 
at Mount Evans (14,256 feet) by a 
group of six cooperating universities. 

For atomic physicists, the pursuit of 
cosmic lays is today’s grand quest. No 
other problem is absorbing the efforts of 
so many top experimented and theorists. 
Some, like Carl Anderson of California 
and C. M. G. Lattes of Biazil, are inter- 
ested m the rays as tools for prying into 
the structure of atomic nuclei. Others aie 
seeking to elucidate the rays themselves. 
Last summer a whole constellation of 
these researchers was camped at various 
sites on the slopes and neai the summit 
of Mount Evans, 60 miles west of Den- 
ver, and pei haps nowhere else m the 
world was there such a concentration of 
cosmic-iay detectors and detectives. The 
Inter-University High- Altitude Laborato- 
ly, which occupies a two-room building 
near the summit, is diiected by a bo aid 
made up of representatives of the Uni- 
versities of Chicago, Cornell, Denver, 
New York, Princeton and the Massachu- 
setts Institute of Technology, with Byion 
E Cohn of Denver as chairman. The 
Lab or a t oi y also maintains reseaich 
equipment and living quaiters part way 
down the slope at Echo Lake (10,600 
feet). All six paiticipatmg universities 
and several guest reseaich institutions 
had teams at woik m this area last sum- 
mer. When snow began to isolate the 
summit in mid-September, the research- 
ers withdrew to Echo Lake, and winter 
and spring operations aie being con- 
ducted there by groups from Cornell, 
Denver, M. I. T. and Princeton. Photo- 
graphic plates were left in the summit 
laboratory to record whatever cosmic 
rays come their way By the middle of 
June it is expected that the road will be 
sufficiently free of snow for observers to 
get back and see what their ion traps 
picked up in the long months of isolation. 


George W. Gray is author of 
The Great Ravelled Knot 
and other articles that have 
appeared in this magazine . 



BALLOONS bear aloft a lightweight cloud chamber to 
record cosmic-ray phenomena at altitudes between 
50,000 and 100,000 feet. This flight was launched last 
summer by Carl D. Anderson from the campus of the 


University of Denver. Many balloons are used so that 
when some burst at high altitude, the others will gently 
lower the apparatus. Rockets also have carried detect 
ors to high altitudes, but obviously for short periods. 
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THE ANCESTORS OF MAMMALS 


In the Permian and Triassic Periods lived the 
therapsids and the ictidosaurs, a curious group 
of reptiles with many mammalian characteristics 

by Edwin H. Colbert 


I T IS difficult to see much in common 
between a modern reptile, such as 
a crocodile, and a modern mammal, 
such as a dog Anatomically and physio- 
logically thev seem to be about as far 
apart as possible for four-footed animals. 
But if we go back in geologic time we 
find a close connection between some of 
the early mammals and certain reptiles. 
Impiobable as it may seem, the fossil 
record shows that the earliest mammals 
were descended from reptilian ancestors. 

It was somewhat more than a century 
ago that the bones of mammal-hke rep- 
tiles were first discovered m South 
Africa by Andrew Geddes Bam, a well- 
known fossil collector of the period. 
Bain’s specimens were noted and de- 
scribed bv the great English anatomist 
and paleontologist. Sir Richard Owen. 
The significance of Bain's findings was 
overlooked for decades. 

Charles Darwin's disciple Thomas 
Huxlev suggested that the mammals 
had arisen from amphibians, a conclu- 
sion to which he was led by his studies 
in comparative anatomy. But m the years 
between about 1870 and 1884 Owen 
and the brilliant U. S. paleontologist 
Edward Drinker Cope, after studying 
certain fossil reptiles from South Africa, 
independently reached another conclu- 
sion which has been strengthened with 
every passing year— namely that the an- 
cestry of the mammals is to he found in 
these fossil reptiles of the Permian and 
Triassic Periods, some 150 to 230 mil- 
lion years ago. 

T HE physiological, reproductive and 
anatomical differences between liv- 
ing reptiles and mammals are readily 
apparent. First, the reptiles are “cold- 
blooded” animals in which the internal 
body temperature varies more or less 
directly with the temperature of their 
environment* mammals are '‘warm- 
blooded,” with a fairly constant body 
heat and an outer covering of hair to 
insulate them. The reptiles, as a result 
of their lack of temperature control, are 
for the most part sluggish, by compari- 
son with the active mammals. Most of 
the reptiles lav eggs from which the 
young are hatched, though some retain 
the eggs within the body of the female 


so that the young are born alive In most 
mammals, the embivo develops and is 
nourished within the uteius of the moth- 
er. And the mammals of couise are dis- 
tinguished by the piopertv hom which 
they deuve then* name they suckle 
their young. 

Many of the anatomical differences 
between modern reptiles and mammals 
are reflections of physiological or repio- 
ductive differences. The reptiles are 
typified by a relatively small and simple 
brain, whereas mammals have a large 
brain. Modern leptiles have a single 
bony joint at the base of the skull, the 
occipital condyle, to aiticulate the head 
with the backbone, mammals have two 
condyles. The lower jaw m reptiles con- 
sists of several elements, one of which, 
the articular bone, woiks against the 
quadrate bone of the skull to form the 
aiticulation between skull and jaw. In 
mammals there is a single jawbone, the 
dentary, which articulates directly with 
the squamosal hone of the skull. Reptiles 
have a single bone in the middle ear, 
mammals have a chain of three. The 
teeth of a reptile are generally pretty 
much alike, and they are renewed by 
many “generations,” so that a replace- 
ment is on hand for any tooth that may 
drop out. The teeth of mammals tire dif- 
ferentiated into incisors, canines, pre- 
molars and molars, and a mammal is 
limited to two sets— the “milk” teeth and 
the later permanent teeth. 

There aie also important differences 
in the rest of the skeleton. The verte- 
brae of a reptile are fairly unifoim, 
whereas in a mammal they are strongly 
differentiated m the neck, thorax and 
lumbar regions. A reptile's long bones 
usually can continue to grow through- 
out the life of the animal; a mammal, on 
the other hand, has separate “epiphyses” 
at the ends of the bones which become 
fused with the bones as the animal 
reaches maturity and prevent further 
growth. In reptiles the number of bones 
in the fingers and toes varies, while in 
mammals they are limited to two bones 
in the thumb and big toe and three bones 
in each of the other fingers and toes. 

Because of these many differences, the 
early anatomists failed to see the rela- 
tionship between mammals and reptiles. 


But with the discovery of many hones of 
mammal-hke leptiles m South Aluca, 
notably by the physician-paleontologist 
Robert Broom, a multitude of likenesses 
appeared Although by far the greatest 
numbei and vanety of these reptiles 
has been excavated from South Africa, 
by now they have also been found m 
many parts of the world, including North 
and South America, Russia, England And 
western China It is therefore apparent 
that during the last stages of the Paleo- 
zoic Ei a and the Hist stages of the Meso- 
zoic they weie spiead over almost all the 
eaith. 

The reptiles irom which the mammals 
are believed to have come belong to two 
orders, known as the therapsids and the 
ictidosaurs. 01 particular interest among 
the theiapsids is the suborder called the 
thenodonts, so named liom then “beast”- 
like oi mammal-hke teeth. An especially 
important genus of thenodont is Cynog- 
nathus (meaning dog-jaw). 

O ANYONE familiar with modern 
reptiles, Cynognathus seems most un- 
reptilian. In life this animal must have 
been very different m appearance and m 
actions from the reptiles of today. Even 
the fossilized hones show this, ioi m 
Cynognathus many anatomical charac- 
ters bridge the structural gap between 
reptile and mammal 

Cynognathus was a rather large ani- 
mal with a long, doglike skull, as big as 
the skull of a wolf Evidently it was 
carnivorous, for its skull is armed with 
sharp, strong teeth well adapted to seiz- 
ing and tearing its prey. These teeth, 
quite unlike those of the carnivorous 
crocodile, are not evenly spaced and uni- 
form but rather are separated into dif- 
feientiated groups like the teeth of many 
mammals. They must surely have func- 
tioned like mammals' teeth. In the front 
of the jaws are small, conical incisor 
teeth for nipping or biting. Behind the 
incisors there is a gap, followed by a 
single, large, daggerhke canine in each 
of the upper and lower jaws. Like the 
canine m present-day wolves or foxes, it 
must have been the great, slashing knife 
that formed the principal weapon of the 
animal. Behind it are the cheek teeth, 
which in mammals are known as the pre- 




PALEOZOIC 



MAMMAL-LIKE REPTI LE S occupy a relatively minor reptilian orders with mammalian characteristics. The 
position in the entire reptilian line of descent. At lower early mammal which is shown in the Cretaceous Period 
right are the therapsids, with the ictidosaurs one of the (near top) is rather similar to the present-day opossum. 
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LYCAENOPS is a typical species among the mammal- 
like reptiles. It is one of the theriodonts, meaning that 
it had beastlike teeth. The theriodonts are a suborder 
of the therapsids. One of the distinguishing features of 


Lycaenops, and other mammal-like reptiles, is a pah of 
long teeth used as slashing instruments. This restoration 
was made by the author and artist John C. Germann 
at New York’s American Museum of Natural History. 


molais and molars. In Cynognathus, as 
in the mammals, these teeth aie complex, 
with seveial cusps forming the crown of 
each tooth. Evidently they were uselul 
lor cutting food into small pieces, so that 
it could be quickly assimilated by the 
digestive system. This is indeed a con- 
trast to the living reptiles, which bolt 
their food and then digest it slowly. 

There aie various other mammal-like 
characters m the skull of Cynognathus. 
For instance, as a corollary to its per- 
fected dentition, this animal, like the 
mammals, had a secondary bony palate 
separating the respiratory tract from the 
alimentary passage. This obviously 
added to the efficiency and speed of eat- 
ing, which were important to a relatively 
active animal. Again, in Cipiagnatlms as 
in the mammals, there are two condyles 
joining the skull to the first vertebra of 
the backbone. 

Various mammal-like characters ap- 
pear in the skeleton of Cynognathus 
behind the skull. Thus there is a con- 
siderable degree of specialization of 
the vertebrae* those in the neck aie 
different from the rib-bearing trunk ver- 
tebrae, and one can see the beginnings 
of a ribless lumbar region, as in the 
mammals. The shoulder blade lias a 
strong spine along its front edge— some- 
thing quite new for the reptiles, and a 
foienmner of the spine that is so distinc- 
tive of the mammalian shoulder blade. 
In the pelvic girdle the ilium is elon- 
gated, and much of this elongation is 
forward, so that die bone begins to de- 
velop a shape prophetic of the mam- 
malian ilium. The limbs and the feet are 
in certain respects rather mammal-hke. 
Evidently Gynognathmh&d a somewhat 
mammal-like posture, with the body car- 
ried well above the ground and the feet 
pulled in toward the midline to give 



stiong suppoit and increase the effi- 
ciency of walking. 

Yet m spite of all these advances, 
Cynognathus is distinctly a leptilo, and 
it retains many of its ancient leptihan 
featuies. Thus it has a full complement 
of reptile bones in the skull, and to a 
huge degree m the skeleton as well. 
There is little of the loss and coalescence 
of bones so typical of mammalian struc- 
ture. The lower jaw is formed of several 
bones instead of a single one, and the 
skull is hinged to the lower jaw in the 
typical leptihan airangement The finger 
and toe bones are entirely reptilian. 

For all that, Cynognathus repiesents a 
great forward step m evolutionary de- 
velopment. Moreover, ceitam other the- 
riodont reptiles related to Cynognathus 
show advances in characters where Cy- 
nognathus was conservative For in- 
stance, a theriodont known as Batiria , 
which in many respects is less mammal- 
hke than Cynognathus , has the same 
numbei of bones in its toes as a mam- 
mal has. Thus while no one theriodont 
reptile approaches completely the mam- 
malian type of structure, the theriodonts 
as a group clearly exhibit a trend m that 
direction. 

T HE approach toward the mammals is 
carried eveii frnther in the lctido- 
saurs, of which we unfortunately know 
all too little. The ictidosaurs possess to an 
even more advanced degree the various 
mammal-like characters that are distinc- 
tive of the theriodonts^ in addition, they 
show trends toward the mammals in cer- 
tain characters that are still thoroughly 
reptilian in the theriodonts. For instance, 
the ictidosaurs have lost some of the skull 
bones characteristic of the theriodonts 
and have a very much more mammalian 
skull pattern. They show ,a further ad- 


vance m the bony secondary palate The 
ictidosauis also have a greatly enlaiged 
dentary bone m the lower jaw— a step 
toward the single jawbone of the mam- 
mals But they still have other bones m 
the lowei jaw and a typically reptilian 
hinge between skull and jaw. 

Discoveries in two localities on oppo- 
site sides ol the earth m lecent years 
have extended gicatly our knowledge ol 
the ictidosaurs. In China, Di. Chung 
Cliien Young has described ictidosaur 
skulls and bones that he unearthed in 
Yunnan; m England Walter Kuhne, by 
the most painstaking methods, lias also 
obtained skulls and parts of skeletons of 
these veiy imp 01 taut predecessors of the 
mammals. These ictidosaurs beai many 
structural resemblances to the platypus 
of Austialia, the most primitive ol living 
mammals 

At what stage in their evolution did 
these mammal-hke leptiles cross the 
threshold into full mammalian status? 
We can assume that the reptile ceased to 
be a reptile and became a mammal 
when it had established a constant body 
tempeiatuie and an insulating coat ol 
hau, and when reproduction had 
leached an advanced stage of develop- 
ment, especially when the female had 
begun to lactate and suckle its young. 
Unfoitunately we can obtain no direct 
evidence on these changes, foi tempera- 
tuie conti ols, hair, mammaiy glands and 
other soft parts of the anatomy are not 
preseived as fossils. 

Considering only the bones, we can 
say that the evolving animal had leached 
a mammalian stage when it achieved the 
combination of structural features al- 
ready indicated as characteristic of mam- 
mals, that is, a full differentiation of the 
vertebrae, a fused pelvis, perfected feet, 
epiphyses on the long bones, a double 



occipital condyle at the base of the skull, 
a perfected secondary palate, a chain of 
three small bones m the middle eai . and 
a single lower jawbone articulating with 
the skull. Of these features, the last is 
perhaps the most significant. 

In the mammal-like leptiles, there was 
a progressive reduction of the quadrate 
and articular bones which foimed the 
reptilian articulation between skull and 
jaw, m the ictidosaurs these elements 
were very small indeed Now from a 
s\ nthesis of embryological and pale- 
ontological evidence we know that in 
the final transition from leptile to mam- 
mal, there was a lemarkable trans- 
formation m these bones. As the reptile 
became more nearly a mammal, the two 
bones finally abandoned their functions 
as aiticulatmg elements between the 
skull and the jaw, and entered the mid- 
dle ear. The quadrate became the mam- 
malian incus bone, the articular became 
the mammalian malleus, and together 
with the stapes the three bones foimed 
the chain of ear ossicles that is charac- 
teristic of the mammals At the same 
time a new joint was foimed between the 
squamosal of the skull and the dentary, 
the only bone left m the lower jaw. 

None of the ictidosaurs had quite at- 
tained this stage of evolution, and so by 
definition they can still he regarded as 
leptiles. Yet at that point the distinction 
between reptile and mammal had be- 
come so narrow that the line of demarca- 
tion between, them must be based, 
perhaps arbitrarily, on this difference be- 
tween a single ear ossicle and tlnee eai 
ossicles. Though seemingly insignificant, 
the difference is so constant that it serves 
admirably as a reference point at which 
to draw die veiy fine line between rep- 
tiles and mammals. 

T HE first mammals pi ob ably looked 
very much like the mammahlike rep- 
tiles that were their immediate ancestors. 
It was m the Tnassic Period of earth his- 
tory diat die change from reptile to 
mammal was made, and from the suc- 
ceeding Jurassic Period on, we can see 
mammals sharing the earth with reptiles. 
The Triassic Period was still early in the 
Mesozoic Era, the great age of dinosaurs. 
For a long time, geologically speaking, 
the early mammals were destined to live 
in a world full of reptiles. It was a lush, 
tropical world, m which die giant rep- 
tiles were supreme and the mammals 
relatively insignificant. But as the con- 
ditions on the land changed, the earth 
became more suitable for mammals than 
for reptiles. By the time the mammals 
became dominant on die earth, their 
reptilian ancestors had long been extinct. 


Edwin H. Colbert is a paleontologist at 
the American Museum of Natural His- 
tory. He is also professor of vertebrate 
paleontology at Columbia University . 



DEVELOPMENT of secondary palate \ black) illustrates evolutionary 
position of the mammal-like reptiles. Early mammal-like reptile Dimetrodon 
(A) liad tiny palate, with nostrils opening into mouth. Later mammal-like 
reptile Cynognathus (B) had closed nasal passage. Dog has full palate. 
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THE X-RAY 
MICROSCOPE 

It does not exist, but the fundamental problem has 
been solved. When a practical model has been built, 
it will open some doors closed to electrons and light 

by Paul Kirkpatrick 


E VERY microseopist knows the 
sharpening of fine detail which 
becomes apparent in the material 
he is viewing when a reddish light is 
replaced by the shorter waves of blue. 
Probably he has also washed that he 
could see by the still shorter waves of 
ultraviolet light, which would afford him 
a fuller measure of the same helpful 
treatment. Photographic films do have 
ultraviolet vision, and there are special 
microscopes that make full use of it. 
Such instruments are more costly and 
less convenient than conventional micro- 
scopes,, but these disadvantages may 
well be overlooked when resolution of 
fine structures is the essential problem. 

Long waves simply cannot produce 
the sharp and faithful images of small 
bodies that are possible with short 
waves. This is an inevasible law of 
nature. Of course, no wavelength will 
produce good images without good 
lenses, or whatever one uses for lenses, 
hut assuming perfection in these parts 
the ultimate advantage in the matter of 
resolving powder lies with the shorter 
waves. This is why the electron micro- 
scope, in spite of its expense and its 
demanding techniques, was able to make 
an immediate and distinguished place 
for itself in competition with conven- 
tional methods which had been per- 
fected by generations of development. 
Yet electrons, though they achieve much 
finer resolution than does light, are weak 
in penetrating power, and so their seeing 
ability is limited to very thin specimens. 

An ideal agent for microscopy would 
fee X-rays, which combine a wide range 
of penetrating powers with very short 
wavelengths— from 100' to 10,000 J times 
shorter than those of light Thus the pos- 
sibility of an X-ray microscope has been 
an alluring subject of speculation ever 
since the short-wave nature of X-rays 



was first surmised. But the difficulties 
have seemed too formidable. In one of 
his earliest experiments, Wilhelm Kon- 
rad Rontgen, the discoveier of X-rays, 
tried to focus them with lenses of glass 
and of hard rubber but found both in- 
effective. With the statement, u It is ob- 
vious that X-rays cannot be concentiated 
by lenses,” Rontgen seems to have aban- 
doned his attempts. His pessimism has 
been shared by a long generation of his 
successois who came to know far moie 
about X-rays than the discoveier had 
lived to learn. Although hope was never 
entirely abandoned, the status of the X- 
ray microscope became mainly that of a 
legendary instrument famous chiefly for 
the supposed impossibility of its existence . 

For a quarter of a century it has been 
quite clear why lenses will not work with 
X-rays. To focus the lays, a lens must 
refract them, and refi action depends on 
the production of an orderly effect on 
the electrons m the lens. The electiic 
field of the X-ray wave reverses itself so 
frequently that the relatively sluggish 
electrons m a lens of any material can- 
not follow, and are scarcely disturbed 
The wave is almost without effect upon 
matter, and vice versa The radiation 
passes with very little lefr action. To 
make the best of a bad situation we 
might place a large number of lenses in 
senes and gain a cooperative effect 
which would increase the refraction. 
With the ordinary kind of X-rays a- tram 
of 100 lenses might have a combined 
focal length as short as 100 meters. Per- 
haps the best material for these lenses 
would he berylhum, a substance rela- 
tively transparent to X-rays. Even so, 
this weak lens system because of its great 
thickness would not he very transparent, 
and it obviously would be exceedingly 
cumbersome. 

These discouraging considerations 



turned the writer’s thoughts towaid the 
possibility of doing the trick with mir- 
lors. In telescopes, piojectors and micro- 
scopes working with ordinary light, the 
designer lias the choice of refi action or 
reflection systems. He often finds lea- 
son for piefeumg the latter. So we have 
found it to be m the production ol X-ray 
images. We are not considering here the 
well-known type of reflection that takes 
place when crystals aie illuminated by 
X-rays It is doubtful that crystal mirrors 
of precise figure could be produced, and 
m any case crystal reflections are weak. 
A more promising type of X-ray leflec- 
tion, reqiuring only polished sui faces, 
has been available since its discovery by 
the physicist Arthur Holly Compton m 
1922 

Comptons reflection is of the total 
type It is similar to the total reflection 
of ordinal y light that occuis within the 
prisms of field glasses or at the surface 
of water when the light comes from un- 
der the surface. A difference is that 
whereas light undergoes total reflection 
only when stnkmg the boundary of its 
medium from inside the medium, X-rays 
are totally reflected only when they 
strike a material medium from outside. 
This contrasting behavior obtains be- 
cause X-ray vibrations are of higher fre- 
quency than those natural to the elec- 
trons of matter, while light frequencies 
are lower. 

Whether with X-rays or with light, the 
reflection takes place only within a re- 
stricted range of angles of incidence. In 
the case of X-rays this range is most in- 
conveniently narrow. Only the rays that 
strike at a very small angle, i.e those 
that he nearly parallel to the surface of 
the mirror, are destined for reflection. 
The critical angle below which reflects 
ble rays lie is larger for some X-rays and 
some mirrors than for others; but even in 



the favoiable case of the X-rays of the 
longest wavelengths striking a mirror of 
high density, the critical angle does not 
often exceed one degree. 

This nairow gateway to reflection has 
heretofore seemed to offer so little prom- 
ise that a recent Patent Office search 
turned up not one patented invention re- 
lating to total X-ray reflection. Neverthe- 
less, it turns out that optical images may 
be formed by curved mirrors even under 
these strict limitations W e consider first 
spherical mirrors, not that they are nec- 
essarily ideal but because they are easy 
to obtain and because their properties 
aie familiar 

If radiation from a sufficiently distant 
point source strikes a concave, spherical 
mirror within the critical angle, the 
image formed is not a point hut a line— 
the well-known phenomenon of astig- 
matism (illustrated in the middle draw- 
ing on page 47) The line focuses at a 
perfectly definite position governed by a 
focal length which depends m a known 
manner upon the curvature of the mirror 
and the angle of incidence. A mirror of 
this kind is, of course, quite unable to 
produce a true image of an object, but 
its astigmatism may be coirected by an- 
other mirror of conti asting pioperties, as 
an astigmatic human eye is corrected by 
the supplementary action of an equally 
astigmatic spectacle lens. 

Correcting the astigmatism of X-rays is 


achieved by mounting two concave mir- 
rors close together but with their faces at 
right angles to each other ( bottom draw- 
ing on page 47). Rays from a point ob- 
ject, reflecting in sequence from the two 
mirrors, converge to a point image, and 
therefore an extended object yields an 
extended, two-dimensional image. This 
process is at the heart of the design for 
an X-ray microscope. 

I F the X-iay microscope is to become a 
useful reality, it must produce not 
merely an image but a good image. X-ray 
images are subject to many of the com- 
mon optical aberrations and limitations 
Since the images are not formed bv re- 
h action, there is no chromatic aberra- 
tion But the spherical abenation is 
strong. Spherical aberration may be re- 
duced by using a very small opening, 
which narrows the rays to a small section 
of the mirroi In the system just de- 
scribed, spherical aberration is pre- 
vented from rummg the images only by 
the extremely narrow apertures with 
which we have thus far worked— about 
/1,000, which is much tinier than the 
smallest opening (/64) in a conven- 
tional camera. A small aperture is unde- 
sirable, however, for it is antagonistic to 
speed of photographic exposure and to 
lesolvmg power. Unless resolving power 
is conserved, half the advantage of X- 
ra) s is lost, so spherical aberration must 


be combatted by some weapon othei 
than the aperture stop. 

The fundamental way to get rid of 
spherical aberration is to abandon 
spheres. The geometrical foim which 
truly reflects rays from point object to 
point image is not the sphere but the 
ellipsoid, i e., the shape approximately 
lepresented bv an egg or a cigar. One 
might suppose that a single ellipsoidal 
mirror— for example, a portion of the in- 
side surface of a hollow, cigar-shaped 
reflector— would be a better lmage-form- 
mg device than the odd combination of 
two mirrors at right angles. The sugges- 
tion tui ns out to be disappointing; such 
a mirror, if it could be made, would pro- 
duce at one focus of the ellipsoid a good 
image of a point radiation source situ- 
ated at the other focus, but the field of 
useful vision would be very small: all 
points of the object except the one right 
on the focus would be very badly 
imaged. The useful field of the two-mir- 
ror combination is thousands of times 
larger than that of a single ellipsoid 

To use the elliptical focusing princi- 
ple in a two-mirror combination, we re- 
quire mirrors curved in the shape of a 
selected portion of an ellipse along the 
direction of the rays The curvature m 
the crosswise direction is unimportant 
We have found it possible to produce 
such aberration-free mirrors by the con- 
trolled condensation of metallic vapors 



PINHOLE IMAGE is made with X-rays from the cath- LINE IMAGES were produced by reflecting a beam of 
ode of a deep therapy X-ray tube. The image is a crude rays with a spherical mirror. Several images were made 
copy of the structure formed by the cathode itself. by exposing a photographic plate at various distances. 
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CORRECTED IMAGE i& produced by two spherical mirrors arranged in llie 
manner shown at bottom of opposite page. Object was a screen with 
350 meshes per inch. Image is at the right. At lop and bottom are astig- 
matic nnages of each mirror. Spot at left is caused by direct radiation. 



ENLARGEMENT OF IMAGE that appears at the right in the photo grai 
above demonstrates fun damentally good quality. The definition of the ima 
* limited only by the grain o* the photographic plate. Further correction 
however, may fee achieved by tfee use of three spherical mirrors in seri 


upon glass sui faces This is an adapta- 
tion of the method developed by the 
physicist John Strong foi conveitmg 
sphencal telescope minors into paiabolic 
min 01 s. The glass suiface to be built up 
is mounted m a vacuum with its face 
downwaid, over a little crucible m which 
silvei or othei metal may be melted and 
evaporated to dryness Between the cru- 
cible and the glass a care tullv designed 
brass mterceptoi moves m a precisely 
conti oiled mannei which allows the 
evaporating metal atoms to pass m de- 
sired amounts to the areas where they 
are needed. Silvei, which vaporizes read- 
ily, is used m building up the surface, 
and it is built up to a layci as thick as a 
wavelength of visible light on some aieas 
of the glass. The finish coat is a unifoim 
layei of platinum, applied not foi ap- 
pearance or piotection but to widen the 
angular lange within which total le flec- 
tion is possible, foi, as was indicated 
earlier, the maximum angle of leflection 
depends upon the matenal ol the nmror 
surface 

Thus fai oui piogram of lesearch has 
been diiected tow aid the solution of 
basic pioblems of design and construc- 
tion, and there have been no attempts to 
lealize high magnifications 01 lcsolving 
poweis A theoretical calculation indi- 
cates that an X-rav mirroi system using 
the full aperture pci nutted by the criti- 
cal angle would he just able to resolve 
object points 70 Angstiom units apait 
( one Angstrom — 1 G 00,000,000 centi- 
metei). This lesolvmg powei is about 
25 times greater than Lb at attainable by 
the finest visible-light micioscope. It is 
an odd fact that the limit is independent 
of the X-iay wavelength— apparently a 
conti adiction ol the optical rule that the 
shoiter the wavelength the betlei the 
resolution. The reason is that the im- 
provement of resolving powei which 
should be gained by a decrease of 
wavelength is nullified by the change of 
ciitical angle which inevitably accom- 
panies the change in wavelength. 

W HETHER an X-ray microscope 
would achieve a gam m magnifi- 
cation is of less consequence than its re- 
solving power. The importance of mag- 
nification m the obseivation of small 
things is popularly ovei estimated. It is a 
simple matter to blow up a small pictiue 
by photographic enlargement, oi to pro- 
ject it upon a screen and theiebv mag- 
nify it thousands of times. Such magnifi- 
cation serves no pui pose beyond* the 
point at which the finest authentic detail 
of the picture is rendeied plainly visible. 
Fuither magnification does not sharpen 
an essentially blurry focus or refine a 
coarse resolution. The important thing is 
to get the detail into the pictuie m the 
first place, whether the picture be large 
or small. This requires an adequate re- 
solving power in the optical system and 
a fine grain at the photographic surface. 



The opei atmg rule with the X-iay mieio- 
seope will be to use only enough primal y 
magnification to ensuie that photo- 
graphic gram size is not the factor limit- 
hio- the detail recoided upon the film. 
Images thus lecoided may then be 
stepped up to convenient size by photo- 
maphic enlargement The alternative 
plan of doing the whole thing by X-ray 
magnification would be a slowei piocess, 
since exposuie time must be mci eased 
proportionally with the square of the 
linear magnification 

X-rays, like electrons, should have a 
clear supenonty over visible or ultra- 
violet light m the matter of resolving 
powei, but at present it seems unlikely 
that X-ray microscopes will ever equal 
the magnificent resolutions already at- 
tained by election microscopes. In com- 
paung X-iays with electrons we should 
take note of an important diffeience m 
the manner of their penetration through 
matter. An X-ray beam will be weakened 
m such a passage, but the suivivmg por- 
tion will be as tiuly on its course as if it 
had come through a vacuum. An elec- 
tion beam, on the other hand, not only 
is weakened by the removal of some of 
its particles, but most of those which sui- 
vive will have been drawn off theii origi- 
nal courses by small amounts. This is one 
leason why the air must be removed 
from the paths to be traversed by elec- 
tions in the electron microscope, leaving 
the specimens under examination mount- 
ed naked m the vacuum. Such exposure, 
which is damaging to some biological 
materials, is not requiied with X-ray 
microscopes In them, peiishable speci- 
mens may be smrounded by light gases 
and water vapor An X-ray microscope 
would also be much simpler in construc- 
tion and opeiation than is the electron 
microscope. 

T HE wide range of penetrative powers 
provided by the X-ray spectrum sug- 
gests the application of X-ray micio- 
scopic methods to metals and minerals 
too dense for electron penetration In 
current piactiee such materials are stu- 
died bv microxadiography down to a 
limit set by photographic gram size. 
With X-ray magnification available, this 
limit may be pushed on down 

The progress of science is the progress 
permitted by its instruments. Any exten- 
sion of the powers of an instrument al- 
lows its users to move upon new prob- 
lems. Detailed prediction is doubtful 
business, but, as history is repetitive, the 
addition of a new radiation to micros- 
copy should open new cloois. 



Paul Kirkpatrick 
is professor of 
physics at Stan- 
ford University . 


BASIC PRINCIPLE of X-ray microscopy is tliat a mirror will reflect 
rays only at a very shaEow angle (fop) . Rays from a point source may . e 
focused by a spherical mirror, but the image is astigmatic (center ) . Point 
image of a point source may be produced by two spherical mirrors ( bottom ) . 
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CHEMICAL WARFARE 
AMONG THE PLANTS 

Cooperation and competition are familiar institutions 
of the plant kingdom. Some plants make use of a form 
of antisocial behavior to inhibit their competitors 

by James Bonner 

P LANTS, like animals, do not live along congenially m their own groups competition, at least not in the same 

alone. Just as every animal's en- but do not mis with foreigners sense It has to do with the production 

vironment includes other animals, Obviously the most important selec- by a particular species of chemical sub- 
so a plant is affected by other plants m tive factors are climate and the physical stances that are given off to the soil and 
its community. Theie is such a thing as surroundings. The species that grow m influence the growth and welfaie of 
a sociology of plants, and a veiy consid- association thrive on similar conditions other species. The plants that wai upon 
erable amount of attention has been of temperature, light, water and soil. one another m this way would not neces- 
given to various phases of that study. It This is particularly evident m the cases sanly be in conflict so far as food or other 
is known that members of the plant king- of plants that grow under unusual con- requirements aie concerned. They ap- 
dom not only compete among themselves ditions— in bogs, m high meadows, m peai, however, to be mheiently antago- 
foi food, light and water but often en- salty sinks, on seacoasts, in aiid, rocky mstic. 

gage in moie subtle forms of warfaie or deserts. Undoubtedly many plant asso- In the field of miciobiology this kind 
cooperation, This article will deal with ciations, perhaps alb are influenced m of phenomenon has been known for 
a remarkable phenomenon in plant rela- then species composition by this lactoi some time. We aie well acquainted with 
tions that has onlv recently come to of site selection by the species that are a certain microscopic plant that pio- 
hght: the fact that some plants possess best adapted to that site. A great deal of duces poisonous substances, the fungus 
chemical weapons with which they at- the work done in plant ecology has m- Penicilhum notatum, which yields pem- 
tack their neighbors volved trying to find out just what the cillm, a chemical that is highly toxic to a 

The explanation of this phenomenon physical factors are that condition a par- wide variety of other organisms. In 1932, 
requires some preliminary consideration tieular plant association four years after Alexandei Fleming dis- 

of the facts of plant ecology, i.e , the in- ‘ covered penicillin, the U. S. botanist 

terrelations among plants and theii en- AN individual plant influences the Richard Wemclling found that a soil 

vironment. If we look at a plant society, well-being of the other individuals fungus named Glijocladium produced a 

we see that it is almost always made up m its association in various ways, of substance, glyotoxm, which was toxic to 
not only of individuals of the same spe- which the best understood is the compe- the growth of other organisms, including 
ciesbut of a number of species, all grow- titionfor some factor essential to growth, othei fungi. Scores of such antisocial 
mg together m more or less intimacy. It such as light, water, or mineral elements chemicals have now been isolated hom 
is easy enough to understand why plants This might he called economic conflict a wide variety of microorganisms ( al- 
of the same species should settle in the Thus limitations in soil nutrients or in though only a few have all the properties 
same place: they have similar require- soil moisture may restrict the total num- needed to make them effective therapeu- 
ments and all can thrive on, or at least her of individuals that can live on a given tically in higher animals as aie penicillin 
tolerate, the physical environment of area. Or again a tree, when it becomes and streptomycin) . 
that particular habitat. But what are the established in biush vegetation, as it That higher plants also possess this 
factors that determine which species of grows taller may 10 b the shrubs of light property has long been suspected. Au- 
plants may dwell together? to such an extent that the latter may no gustin de Candolle, the great Swiss 

One significant clue lies m the fact longer be able to survive. These eco- botanist of the early 19th century, re- 
that certain groups of species are likely nomic factors of competition vary con- corded that thistles appeared to inhibit 
to be found together in many sites where siderably m importance, depending on the growth of oats. He suggested that 
similar conditions prevail So constant whether the different species involved this intei action might be due to specific 
are these societies that it is possible to tend to he equal or disparate in height, chemical inhibitois. The first experi- 
classify the groups and to name them as on whether their roots grow through the ments specifically designed to test this 
particular communities and associations, same layer of soil or exploit different hypothesis were carried out in England 
just as taxonomists name individual spe- soil layers, and so on. It is probably an by S. C. Pickering and the Duke of Bed- 
cies of plants or animals. On the other axiom of plant sociology that a stable ford in the earlv years of this centurv. 
hand, there are^ species that are never plant community tends to be made up of In one type of" expemnent they grew 
found together in the same association, species whose individuals provide the apple trees in tubs moistened with water 
even thdugh miembers of these species least amount of economic competition to that had previously leached through 
may range widely over the same general one another. pots containing growing grasses. Thev 

geographic region. The citizens of the The method of interaction among in- showed that the grasses appeared to pro- 
plant world, one may say, are segregated dividual plants with which we are here duce in the water a principle that in- 
hffn exclusive associations which get concerned is not, however, based on hibited the growth of apple trees. In a 
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PLANT COMPETITION is illustrated by tlie example 
of a pine forest in which hardwood trees have gained a 
foothold. The tall trees in this drawing are pine; the 
small saplings below are gum, maple, oak and hickory. 


END OF COMPETITION shown in the drawing at left 
is a forest of oak and hickory. Pines no longer grow in 
significant numhers. This type of forest competition 
usually begins when pines are weakened by enemies. 
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BLACK WALNUT ( Juglans nigra) may produce a 
chemical inimical to other species. Juglone, a compound 
found in its roots and leaves, has been investigated. 


WORMWOOD (Artemisia absinthium) produces a 
chemical called absinthin that discourages growth of 
certain species. Absinthin is washed onto the soil by rain. 


series of brilliant investigations carried 
out by Oswald Schreiner and his col- 
leagues in the U. S. Department of Agri- 
culture, fom* different substances toxic to 
plant growth were isolated from various 
soils. In none of these early investiga- 
tions, however, was there complete proof 
that a particular species growing in na- 
ture or m the field is inhibited by an 
identifiable substance produced by a 
second species. The evidence which led 
to this conclusion has been obtained only 
in recent years. 

Perhaps the most detailed observation 
made was that by the German H. Bode 
and the Belgian G. L. Funke m the years 
1939 to 1943. Bode, who worked in a 
garden of pharmaceutical plants, ob- 
served that along the two sides of a row 
of plants of the wormwood, Artemisia 
absinthium , individuals of other species 
grew very poorly or were killed outright. 
The inhibitory influence of the row of 
wormwood extended for upward of a 
meter in each direction. This growth- 
depressing effect could not be attrib- 
uted to competition of the Artemisia 
with other plants, for other shrub species 
of size and habit closely comparable to 
wormwood exerted no such effects. Bode 
showed that the action of the wormwood 
on other plants was due to a chemical 
compound, absinthin, which is produced 
in glandular hairs on the surface of the 
Artemisia leaves. The compound is 
washed off onto the adjacent soil by 
rain, and the toxicity of the soil is con* 



stantly renewed as recurring rains bring 
fresh supplies of the toxic compound to 
it. The effect of absinthin is not the same 
on all species of plants. A few appear to 
be resistant to it. When Artemisia absin- 
thium is grown in the field, Funke dis- 
covered, only these resistant species 
appear in the same patch, the other 
weed species usually found m such sites 
are suppressed. 

A NOTHER antisocial chemical is pro- 
. duced by leaves of the brittlebusli, 
Encelia farinosa , which inhabits the low 
hot deserts of the U. S. Southwest. F. W. 
Went of the California Institute of Tech- 
nology, studying the flora of this region, 
found that most of the species of peren- 
nial shrubs growing there harbor a vigor- 
ous coterie of annuals around them, no 
doubt in part at least because they pro- 
vide shade and an accumulation of or- 
ganic matter for the lesser plants. The 
brittlebush, however, is a conspicuous 
exception. The area under and around 
a brittlebush is in general barren of 
other plants except in certain special 
circumstances. Because the absence of 
other plants did not appear to be due 
to simple competition effects, fallen 
leaves of the brittlebush were scraped 
from the ground under the bush and 
taken to a laboratory for study. When 
they Were placed as a mulch over sand 
in pots in which tomatoes or other spe- 
cies were growing, it was found that 
the brittlebush leaves, even in small 



quantities, caused seveie retardation of 
giowth, or even the death, of the test 
plant. 

The toxic action of Encelia i leaves, 
like that of Absinthium , is highly spe- 
cific. It has little effect on the brittlebush 
itself, on sunflowers, or on barley; but it 
has a pronounced influence on certain 
other plants, notably, as has been men- 
tioned, the tomato. On chemical frac- 
tionation, the Encelia leaves yielded a 
toxic compound which, isolated in crys- 
talline form, was found to be a new 
chemical substance, 3-acetyl-6-methoxy 
bcnzaldehyde. This compound, when 
synthesized in the laboratory, had a toxic 
activity identical with that of the natural 
material. Experiments have shown that 
the fallen leaves of the brittlebush retain 
then toxicity for a year or more m the 
absence of rain, and that the toxic ma- 
terial is leached out into the soil by 
water. Annuals usually associated with 
shrubs, such as Rafinesquia , are highly 
susceptible to the brittlebush toxic sub- 
stance. It may therefore be concluded 
that the lack of growth of annuals m 
association with Encelia under natural 
conditions may be due to the production 
by brittlebush of this toxic substance. An 
exceptional situation occurs, however, in 
certain mountainous areas where Encelia 
grows on steep slopes that are subject 
to occasional torrential runoff. There the 
ground under the plant is free of the 
mulch of fallen leaves, and it is not 
uncommon to find individuals of sever- 




GUAYULE ( Partheniinn argentatum ) , the rubber- BRITTLEBUSH { Encelia farinosa ) , a shrub living in 

bearing shrub of the U.S. Southwest, manufactures a the deserts of the Southwest, secretes 3-acetyl-6-metlioxy 

chemical which inhibits the seedlings of same species. benzaldehyde to prevent the growth of nearby plants. 


al other species growing m association 
with the shrub. 

It has been known for many years that 
the black walnut ( Juglans nigra ) exerts 
a detrimental effect on the growth of sur- 
lQundmg plants of many species, and it 
has often been suggested that this may 
be due to a chemical substance produced 
by the tree. Everett Davis, working in 
West Virginia, sought to determine 
whether the injurious effects produced 
by the black walnut deiived fiom jug- 
lone, a compound found in the foliage 
and loots of the plant. He showed that 
juglone is toxic to tomato and alfalfa 
plants. It has not been proved, however, 
that juglone is m fact the means by 
which the black walnut injures other 
plants under natural conditions. This 
case remains to be worked out m detail, 
and it is of mteiest to do so because of 
the prevalence of black walnut poison- 
ing of crops m the East and Southwest. 

Chemical interaction is not restricted 
to plants of different species. We know 
that m some instances a plant may pro- 
duce a compound which is inhibitory to 
plants of its own species. Such a plant 
is the guayule, Varthenium argentatum , 
a rubber-bearing shrub of the southwest 
desert. When this plant is grown under 
laboratory conditions, the roots give off 
a substance that is toxic to seedlings of 
the same species. The inhibitor was iso- 
lated in pure form and shown to be cin- 
namic acid. This substance has a power- 
ful effect: less than one part in 200,000 


parts of soil is sufficient to bring about 
a significant depression of seedling 
growth 

Why should a plant produce a com- 
pound highly toxic to its own species 
and much less toxic to other species? An 
answer to this question may perhaps be 
found in the way in which shrubby 
species are distributed under desert con- 
ditions. Normally in such an environ- 
ment die individuals of a given species 
are widely and uniformly spaced, as 
though to share the scant supplies of 
water and nutrients. Seedlings of guay- 
ule are rarely found undei a mature 
guayule plant— a situation common to a 
wide range of desert shrubs. Even when 
guayule seedlings are transplanted into 
the neighborhood of a mature guayule 
plant the} ? show poor survival and little 
growth. It can be shown by experiment 
that this failure is directly related to the 
inhibitor produced by the mature plant. 
The explanation may be that the mature 
guayule plant produces its inhibitor to 
prevent the establishment of young com- 
petitors for water and food. 

The chemical interaction between 
plants is not always hostile. There are 
plants that produce substances which 
promote the growth of other plants in- 
stead of inhibiting it. Certain leguminous 
plants excrete nitrogenous compounds 
which may be taken up and used by 
associated non-leguminous species. F. W. 
Went has shown that in the tropical rain 
forest of Java each species of forest tree 


has its own particular species of epi- 
phytes. higher plants whose seeds ger- 
minate and grow high up on the trunk 
of the host. This specificity 7 of epiphyte 
for host tree may be a xeflection of the 
effects of particular compounds from the 
tree on the germination and growth of 
the seeds of the epiphyte species. 

I T is clear that further and more de- 
tailed investigations are necessary 7 in 
order to discover the exact limits of 
chemical interaction among higher 
plants. It appears that the pi eduction of 
substances inhibitory to other plants mav 
be very widespread in the plant world. 
In a survey of native woody species of 
one section of eastern California alone, 
it was found that the leaves of approxi- 
mately half of the species collected con- 
tained principles toxic to the growth of 
one selected test plant. 

Fundamentally, of course, the chemi- 
cal interactions among plants must have 
something to do with the factor of com- 
petition, which is undoubtedly of the 
most general and pervasive significance 
in plant relations. Thus chemical war- 
fare and cooperation are merely one 
phase of the larger complex of inter- 
actions which determine the sociology of 
the plant community. 


James Bonner is professor 
of biology at the Califor- 
nia Institute of Technology , 
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1905 PORTRAIT of Einstein was made in tlie year of 
his greatest productivity. While he worked as a clerk 
ip the Swiss patent office, he made his great , contribu- 


tion to the quantum theory and published a paper en- 
titled 6t 0n the Electrodynamics of Moving Bodies.” It 
was this that set forth the special theory of relativity. 



THE INFLUENCE 
OF ALBERT EINSTEIN 


This month he is 70. It is an appropriate time 
to reflect on his achievements and to consider 
the present state of the work he began in 1905 

by Banesli Hoffmann 


ALBERT EINSTEIN, whose 70th 
/\ birthday this month is being noted 
-tA. throughout the civilized world, oc- 
cupies a position unique among scien- 
tists He has become a legend m his own 
lifetime. The public adulation of him is 
so great that he dare not list his tele- 
phone number m the directory. When 
he delivers one of his raie lectures at the 
Institute for Advanced Study m Prince- 
ton, no notice of it may be posted on a 
bulletin board, the news must be passed 
around among his colleagues by word of 
mouth, lest it leak out and the lectuie 
hall be ovenun by repoiteis and curios- 
ity seekers. 

It is relativity, of course, that has made 
Einstein’s name a household word, and 
there can be no question that this one 
revolutionary achievement has been and 
will continue to be the distinction that 
sets him apart. The theoiy of relativity 
has a monumental quality that places its 
author among the tiuly great scientists 
of all tune, in the select company of 
Isaac Newton and Archimedes. With its 
fascinating paradoxes and spectaculai 
successes it fired the imagination of the 
public— and until recently all but ob- 
scured Einstein’s many other contribu- 
tions to science. 

In the peispective of half a century, 
these contributions have grown in un- 
portance Considering recent develop- 
ments m physics, any estimate of his 
influence must recognize not only his 
quality as a great independent innovator 
but also Ins activities in advancing the 
fruitful progress of physical theory. 

Einstein has lived m an era of un- 
precedented scientific change, much of 
which was generated by his own dis- 
coveries. Yet science was ripe for great 
upheavals even before his arrival. The 
seeds of scientific unrest that led to the 
theory of relativity had already been 
planted when Einstein was a boy. And 
the fundamental tenets of physical sci- 
ence were destined to be disrupted even 
more dramatically by the quantum theo- 
ry, which had its birth in 1900. To the 
quantum theoiy Einstein himself made 


vital contributions Indeed, the Nobel 
prize was awarded to him m 1921 not 
specifically for his controversial theory 
of relativity but “for his merits on behalf 
of theoretical physics, and m particular 
for his discovery of the law of the photo- 
electric effect.” 

Although Einstein is commonly 
thought of as an ivory- tower scholar, he 
has always had a happy knack for in- 
fluencing the course of events, and a 
lemarkable instinct for detecting the 
needle of truth in a haystack of specula- 
tion. This is perhaps best shown m his 
quantum work of 1905. He was then an 
unknown scientist, not even associated 
with a university. Five years earlier Max 
Planck had suggested that matter must 
absoib and give off eneigv not in a con- 
tinuous flow but in minute bundles, or 
quanta. Nowadays, with the quantum so 
firmly established, even a professional 
physicist finds difficulty in recapturing 
the sense of outrage that such an idea 
must have provoked at the time. The 
idea was outright heresy. It was as if a 
scientist had said, m all seriousness, that 
something could be in two places at 
once (Indeed, the development of die 
theory ultimately did imply that.) 

P LANCK himself viewed his idea with 
misgiving, and at first it made no 
headway. The young Einstein, however, 
daied to take It seriously. With cogent 
arguments he showed that the energy 
that was given off m bundles must some- 
how continue to exist m bundles-bun- 
dles of light, which we now call photons. 
Since centuries of research, culminating 
in the electromagnetic equations of 
James Clerk Maxwell, had pointed in- 
disputably to the fact that light was a 
wave, this idea of bundles or particles 
of light was surely nonsense. Yet some- 
how it had to be sensible, for Einstein 
showed that it was able to explain phe- 
nomena that the wave theory could not 
encompass, notably the photoelectric 
effect, in which the energy of electrons 
knocked out of a metallic surface by light 
shining on it depended not on the inten- 


sity but on the \va\ elength of the light. 

Einstein’s idea of particles of light 
marked a toning point m the history of 
the quantum. Though fundamentally 
simple, it was the product of extiaor- 
dmary boldness and scientific insight. 
For the idea of particles of light was be- 
set by enormous difficulties. Perhaps 
light did consist of particles, as Einstein 
said. But it certainly consisted of waves, 
as he was acutely aware. This paradox 
plagued scientists for many a year be- 
fore it was resolved by Werner Heisen- 
berg and Niels Bohr in terms of the mod- 
ern quantum theoiy. 

In the early 1920s the French theoret- 
ical physicist Louis de Broglie put for- 
ward the weird idea that electrons and 
other particles of matter were accom- 
panied by curious sorts of waves. For 
years he developed his ideas without 
awakening any echo of response from 
other scientists. The French physicist P. 
Langevm was the first to see that they 
might have merit. And one day Einstem 
happened to come across them. Struck 
by their boldness, and by an inner plausi- 
bility beneath their outward appearance 
of fantasy, he espoused them m the sci- 
entific press. The response was spectacu- 
lar. Einsteins recommendations brought 
the ideas of de Broglie to the attention of 
the brilliant Austrian physicist Erwin 
Schrodinger. Schrodinger forthwith 
transformed them into the successful 
quantum theory of wave mechanics, 
which now forms a central part of mod- 
ern atomic physics and which proved to 
be substantially the same as the appar- 
ently different theory by which Plei sen- 
berg and Bohr resolved the particle- 
wave dilemma. 

Einstein’s achievements in that single 
year of 1905 are breathtaking. While 
busy earning his living in the Swiss pat- 
ent "office, he found time not only for his 
epoch-making work on the quantum but 
also for important contributions to the 
theory of the Brownian movement— the 
incessant agitation of microscopic parti- 
cles caused by molecular bombardment 
In the same year he published a paper* 
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beaung the unpi epossessmg title “On 
the Electrodynamics of Moving Bodies/’ 
in which he set forth the special theory 
of relativity. And, to cap it all, m a sec- 
ond paper on relativity 7 m that same yeai 
he made his celebrated deduction of the 
equivalence of mass and enei gy . E = me 2 . 

If the quantum idea required bold- 
ness, what shall we say of the theory of 
lelativity? Where the idea of pai tides of 
light challenged a meie theory, relativity 
challenged a universal and ingrained 
conception of time. We see nothing out 
of the way m the statement that Joe 
DiMaggio hit a home run m one base- 
ball game at the same moment that 
Johnny Mize hit one m another. It does 
not occur to us that this implies that the 
phrase “the same moment” has meaning. 

It seems ridiculous to raise the question. 

Yet Einstein successfully challenged 
this attitude. Reasoning from precise 
experimental data, including the cele- 
brated experiment of Michelson and 
Morley on the speed of light through 
the “etliei,” he showed that we must give 
up, at whatever emotional cost, our be- 
lief that “the same moment” has a defi- 
nite meaning. Events at different places 
that occur at the same moment for one 
observer definitely do not occur at the 
same moment for another observer mov- 
ing ielative to the first. Simultaneity is 
not absolute It depends on the observer 
Time is relative, 

E INSTEIN went on to prove that 
space, too, must be relative, that no 
object can move fastei than light, that 
mass increases with speed and, in brief, 
that all of theoretical physics, based as 
It was on erroneous ideas of space and 
time, must be reconstructed. 

Newton s theory of gravitation, which 
had reigned unchallenged for more than 
200 years,' clearly did not fit the stringent 
requirements of relativity. l 7 et the prob- 
lem of replacing it was so difficult that 
Einstein took 10 years to find the solu- 
tion. And to do so he had to construct a 
general theory of relativity, beside which 
the special theory of 1905 appeared al- 
most an incident r 

The German mathematician Herman 
Minkowski had discovered in 1908 a 
staking relationship between equations 
of the special theory of relativity and 
equations used by geometers of multi- 
dimensional spaces. From this relation- 
ship he deduced that space and time are 
fused together into a single four-dimen- 
sional entity: space-time. 

The space-time that Minkowski found 
in the special theory of relativity was 
flat, Einstein* guided by speculations on 
such simple situations , as die operation 
of gravity with relation to a moving ele- 
vator* concluded that gravitation must 
be equivalent to a curvature of space- 
time, the idea of a force of gravitation 
being irrelevant. If gravitation was asso- 
rted with a curvature of space-time, 
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that alone was a reason why bodies 
under the influence of gi avitational “at- 
ti action” followed curved paths 

The general theory of relativity is 
moie than an imposing intellectual 
structuie It has a grandeur that is also 
esthetic. From the idea of curved space- 
time the equations governing gravitation 
flowed with such inevitability and logical 
economy as to make the general theory 
a masterpiece of ait as well as science. 

Only a deep faith could have sus- 
tained Einstein’s courage through the 
yeais of lonely effoit before expeiiment 
showed his labois had not been in vain. 
He once made a letnark to me that 
throws a revealing light on Ins methods. 
When estimating the value of a possible 
physical idea, he said, he asked himself 
whether it seemed so natural that he 
would have made the universe that way 
had he been God. If the idea did not 
possess this esthetic quality, he mis- 
ti usted it. 

In the general theory of relativity, 
gravitation was envisaged as only a 
minor puckering or roughness in an 
otherwise smooth space-time. In 1917 
Einstein found reasons for supposing 
that the four-dimensional universe taken 
as a whole might be roughly cylindrical 
m shape. Not even Einstein could visual- 
ize a four-dimensional cylinder, but it 
could be conceived in mathematical 
terms. With this idea he inaugurated the 
subject of relativistic cosmology. 

The Dutch astionomer W, de Sitter 
then suggested a different shape that 
goes by the name of pseudo-spherical. 
His theory predicted that distant bodies 
would appear to recede from us, a pre- 
diction tentatively borne out by the 
sketchy astronomical data then avail- 
able. Thus prompted, the astronomers 
made further measurements, and found 
that the most distant nebulae did indeed 
appear to he receding at altogether stag- 
gering rates. Unfortunately de Sitter’s 
model applied only to a theoietically 
empty universe. Einstein s model, on the 
other hand, did pertain to a universe in- 
habited by matter and radiation, but it 
predicted no recession of bodies of mat- 
ter from one another. 

To obtain a recession in a universe 
that was not empty, the Belgian cosmolo- 
gist Abbe Lemaitre in 1927 developed 
his theory of the expanding universe, 
which supposes that the universe ex- 
ploded long ago and that its fragments 
are still flying apart— a theory which has 
recently been applied by George Gamow 
and R. A. Alpher to account for the ori- 
gin of elements and their relative abun- 
dances m the universe (Scientific 
American, July, 1948) . 

Meanwhile Hermann Weyl of Ger- 
many had introduced the idea of a uni- 
fied field theory. If what was once called 
gravitational force could be considered 
as curvature, he argued, why should not 
electromagnetic forces also have a geo- 


metrical basis' 3 Gi avitational cuivature 
affects dn actions* for instance, an an- 
plane flying half way round the earth 
would end up pointing m the direction 
opposite to the one in which it started. 
Weyl therefore suggested that electio- 
magnetic foices might be connected with 
an analogous effect upon lengths, much 
as if the airplane ended up not only with 
a different dnection but also a difteient 
size Because this plausible and ingen- 
ious idea actually yielded the same 
equations as those of Maxwell governing 
the electromagnetic field, it excited con- 
sideiable attention But Einstein, while 
gieatly admit ing it, found it unaccept- 
able because it violated physical princi- 
ples; he proved that the Weyl theory 
implied that atoms would emit light of 
all fiequencies, whereas actually they 
produce sharp spectial lines indicating 
radiation only at specific fiequencies. 

The German mathematician Tli. Kalu- 
za later showed that Einstein’s gravita- 
tional equations could be made to yield 
Maxwell’s electromagnetic equations by 
expanding them to fit a special five-di- 
mensional setting. What the fifth dimen- 
sion might be, Kaluza could not say. 
Despite this, the lesult was so remark- 
able that Einstein and many others have 
since woiked on the idea. And in 1930 
the American geometer Oswald Veblen 
discovered that the so-called fifth dimen- 
sion was not a filth dimension at all hut 
a familiar mathematical quantity used by 
geometers in studying what they call the 
projective geometiy of foui dimensions. 

T HE EQUATIONS of Maxwell and 
Einstein were thus successfully 
brought togethei . But the problem of the 
structure of matter and radiation could 
not be solved in terms of the equations 
as they stood. If it was ever to be solved 
along the lines of a field theory— which 
was by no means certain— modifications 
of some sort would have to be intro- 
duced. Accordingly the search was ie- 
newed with more ambitious aims. 

For more than 25 years Einstein has de- 
voted his main scientific energies to this 
problem. While the quantum theorists 
are moving ahead m close touch with 
the latest details of nuclear experiment, 
Einstein is attempting to gain an insight 
into the nature of matter and radiation 
by abstract reasoning from a few general 
assumptions. In this he is following the 
heroic method that proved so successful 
—in his hands— in the formulation of the 
theory of relativity. Unfortunately there 
are many possible approaches, and since 
each requires a year or more of intensive 
computation, progress has been heart- 
breakingly slow. 

What was once the broad stream of 
relativistic research has shrunk to a slen- 
der rivulet. The quantum theory, so frail 
in 1905 when Einstein first befriended it, 
now dominates physics. It has developed 
a stature comparable to that of the theory 



of relativity, and has pioved to be even 
more iconoclastic. It has coiroded con- 
cepts such as determinism and causality 
that once seemed indispensable to any 
lational science. It has elevated chance 
to a commanding position m scientific 
theory. And it has upset our poweis of 
visualization by leplacmg the former 
conception of a particle by a hybrid 
monstrosity such that when we speak of 
its precise position we are forbidden to 
speak of its motion, while when we think 
of its exact motion we may not regard it 
as possessing position at all. 

While developing his theoiv of lela- 
tivity, Einstein continued to conti lbute 
valuable ideas to the burgeoning quan- 
tum theoiy He applied it with signal 
success to the theoiy of specific heats 
He propounded the quantum law of 
photochemical equivalents that goes by 
his name. He gave a new deduction of 
Planck’s radiation formula, introducing 
important concepts regarding the proc- 
ess of radiation. And he applied de 
Broglie’s ideas to the theory of gases 
when those ideas were still unpioved. 

N evertheless, Einstein is out of 

sympathy with the modem foim of 
the quantum theory. Most theoretical 
physicists, on the other hand, doubt that 
the problem Einstem has set himself is 
aimed m the right direction, since it ap- 
parently avoids the quantum. But it must 
be remembered that in 1905 most theo- 
rists were doubting the very idea of the 
quantum. Einstein’s present views may 
not be fashionable, and the chances of a 
successful outcome of his work may ap- 
pear slim. Yet he has always been a lone- 
ly thinker, and physicists will not easily 
forget that Einstem is the man who, from 
abstract consideiations of space and time 
alone, was able to deduce the equiv- 
alence of mass and energy without need- 
ing to know the detailed structure of 
either. The quantum theorists them- 
selves are encountering formidable diffi- 
culties of a fundamental nature. The 
time seems ripe for a frnther synthesis 
through an imaginative stroke of insight 
by an Einstem. _ 

The importance of Einstein’s scientific 
ideas does not reside merelv in their 
great success. Equally powerful has been 
their psychological effect At a crucial 
epoch in the history of science Einstein 
demonstrated that long-accepted ideas 
were not m any way sacred And it was 
this more than anything else that freed 
the imaginations of men like Bohr and de 
Broglie and inspired them daring tri- 
umphs in the realm of the quantum. 
Wherever we look, the physics of the 
20th century bears the indelible imprint 
of Einstein’s genius. 


Banesh Hoffmann is associate professor of 
mathematics at Queens College and au- 
thor of The Strange Story of die Quantum. 



IN 1939 Einstein was photographed at home at Princeton, N. J. There he 
gives an occasional lecture at the Institute for Advanced Study. Today his 
activity is limited by his convalescense from a recent surgical operation^ 
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by James R. Newman 

Insight and Outlook, by Arthur Koes- 
tler. The Macmillan Company ( $5 00) . 

T HE subtitle of Ai thur Koestler’s 
latest work is “An Inquny Into the 
Common Foundations of Science, 
Art and Social Ethics,” It is also de- 
scribed as a “book on the psychology of 
the highei mental functions.” The pub- 
lisher tells us that Koestler spent five 
years Tending widely m the fields of 
biolog), neurology and psychology” in 
preparing himself to “do foi philosophy 
what Einstein attempted for physics in 
his 'unitary field theory / ” I am theie- 
fore somewhat appalled at the task of 
reducing this epic achievement to the 
humdrum prose of the reviewer; but 
if I am to sav anything intelligible 
about what Koestler refers to as “our 
theoiv,” there is no alternative but to be 
bold ' 

His jumping-off-place is a new theory 
of the comic. It is not, m truth, entirely 
new, as Koestler himself points out, 
since he boirows freely from Henri Beig- 
son ( he Rire) y Sigmund Freud { Wit and 
Its Relation to the Unconscious) and 
fiom a number of their predecessors. 
However, the special blend of literarv- 
m edical -philosophical- psychoanalytical- 
biological lingo and the mental-circuit 
diagrams in the book are more or less 
Koestler’s own products; and the ambi- 
tious extension of conclusions derived 
from an analysis of humor to all other 
forms of mental behavior bears his very 
own mark, 

Koestler starts his long journey to the 
heartland of insight with the aid of a 
number of stories quoted from Freud, 
Bergson and others. They serve to intro- 
duce his “discovery” that the “essence of 
the comic is the bisociation of two opera- 
tive fields m a junctional concept which 
is a member of both/ 5 

The formidable terms used hv Koes- 
tler are perhaps best illustrated by means 
of two stories; 

(I) “M. DuPont, an elderly notary of 
Clermont-Ferrand, has for years suffered 
from the annoying habits of his clerk 
Jules, Returning home unexpectedly 
from a journey, he finds Jules in bed with 
his wife. M. DuPont surveys the scene 
with a mournful eye and says: 'That is 




Arthur Koestler’s “Insight and Outlook ” : the novelist 
formulates a philosophy complete ivith circuit diagrams 


enough, Jules' Once more and you are 
fii ed ’ ” 

(2) “A digmtaiv of Monte Carlo is 
much admired for the not less than 36 
medals which he wears on his bieast. 
Somebody asks him by what heroic 
deeds he earned them 'That’s simple/ he 
says, T got a medal for my faithful sei- 
vice to the prince, I put it on a number at 
the roulette table and the number came 
up/ ” 

The ''intellectual geometry” of these 
dioll stories is, according to Koestler, 
quite simple. It consists m something 
like the diagrams on the opposite page, 
which mean something like this. 

As the tale is told there are “two un- 
i elated association trains” which sud- 
denly collide with each other at a given 
point. Each train is perfectly “logical” 

( i.e , has its “operative field”) and un- 
der noimal cneumstances “the stieam ol 
consciousness would follow either one 
branch or the other, for the two belong 
to different systems or planes of mental 
organization/’ At the collision of these 
two trams, however, a new concept is 
bora which “selves two masters at the 
same time . . it is hisociated with two 
independent and mutually exclusive 
fields.” 

As Koestler’ s blueprints plainly prove, 
at the point wheie the two association 
trams collide, the joke (a new bisociated 
concept) flashes into being and the 
auditor laughs In M DuPont’s tale one 
thought tram relates to his business 
dealings with the unsatisfactory jules, 
and the other train to the familiar com- 
plex consisting m cuckold, wife, para- 
mour, and discovery flagrante delict u. 
The expectation of a violent climax is 
suddenly “debunked” with a phrase 
hom the employer-employee relation- 
ship. 

Each train of a comic event may carry 
a different “emotional charge” (e.g., 
malicious, sexual, scatological) , but it is 
the process of combining habitually in- 
compatible fields of thought that results 
in the sudden release of tension and the 
explosion of laughter— assuming, indeed, 
that there is laughter. 

T O EXPLAIN how attention is fo- 
cused on any one field, how the mind 
is disciplined to concentration, Koestler 
proposes the concept of the “selective 
operator.” The operator defines its field 
in the sense that it is a selective law, a 
“rule for manipulating ideas and their 
verbal symbols. Operators may be sim- 


ple and explicit, as in a parloi game, for 
example, where the participants are to 
write down within a time limit all the 
towns they can remember beginning 
with the letter L. The class of all L 
towns— London, Lisbon, Lvov, etc — 
constitutes the opeiative field, and the 
L-rule is the selective opeiator Opera- 
tors may also be exceedingly complex 
and/or implicit, just as the opeiative field 
may consist, among others, m a code, a 
pattern of behavior, a chessboaid and 
chessmen, a branch of mathematics, a 
musical or plastic art, a literal y form 

Such is the technical appaiatus used 
by Koestler m exploung provinces other 
than the comic Bisociation is the “chai- 
acteiistic feature of any original cieative 
process whethei m art oi m discoveiv,” 
since every fresh synthesis entails the 
combination or union of elements m pie- 
viously separate aieas of thought Even 
the diagrams devised to exhibit the 
mechanics of the comic are, accoulmg to 
Koestlei, applicable to the processes of 
higher creativeness. The separate fields 
joined m the creative synthesis are repre- 
sented bv “planes,” and the little strag- 
gling arrows lepresent separate tiains of 
thought association 

As for the concept of “emotive 
chaige/’ it, too, like the “intellectual 
geometry” of the comic, has validity and 
significance m other spheres. In a hu- 
moious context the “common denomina- 
tor” of the charge is “usually a veiy famt 
impulse of aggiession oi defense mani- 
fested as malice, derision, self-asseition. 
or merely as an absence of sympathy 
with the victim of the joke— a 'momen- 
tary anesthesia of the heart/ as Bergson 
puts it.” 

“The passion of laughter,” said the 
English philosopher Thomas Hobbes, “is 
nothing else but sudden glory arising 
from a sudden conception of some 
eminency in ourselves, by comparison 
with tire infirmity of others, or with our 
own formerly.” From this starting point, 
Koestler develops tire argument that the 
production of comic and certain other 
effects depends upon the dominance of 
this aggressive component or “self-as- 
sertive” tendency over the opposite 
tendency of “sympathetic identification” 
or “self -transcendence.” 

The integrative or self-transcending 
tendency, manifested with a certain sim- 
ple purity m grief, is, in every human 
activity, in conflict with that of self- 
assertion. Every true act of creation* in 
whatever field, requires an expansion of 



the 'range of awaieness beyond the lim- 
its of self, or, conversely, of being awaie 
of the self as part of a higher functional 
whole.” The work of art, the generous 
impulse, the scientific discovery; the 
feeling of tenderness and protectiveness, 
the longing for martyrdom; the processes 
of “identification,” “projection,” “intro- 
jection,” “transference,” “sympathy” and 
“empathy”; the “oceanic” feeling, the 
mysticism and the wisdom of the East, 
the striving of the spike-sittmg Hindu 
and the Hollywood Hindu toward “non- 
attachment”; the struggle to achieve, to 
improve and to extend social wholes— 
each of these, says Koestlei, is evidence 
of the self-transcending urge 

W HAT are the biological foundations 
of these tendencies? Koestler rests 
his interpretation on the “twin phenom- 
ena of differentiation and integration, 
which under conditions of stress become 
polarized into the conflicting tendencies 
of self-assertive and integrative behav- 
ior.” A corollaiy function, of almost 
equal impoitance, is that of “regenera- 
tive equilibrium”: an oiganism unable to 
cope with its environmental pioblems, or 
the conflict between its opposing ten- 
dencies, regresses to a lower biological, 
social or psychological level m order to 
start afresh by way of “reader pour 
mieux sauter ” (to retieat so as to get a 
better start for the jump) . 

Organized social wholes, Koestler con- 
tends, follow this biological pattern, not 
“morphologically,” to be sure, but “func- 
tionally ” Social 01 ganizations simply 
evince the integrative tendency on a 
higher level, though it is essential to 
realize that in the social field contempo- 
rary organizations correspond to fairly 
primitive organizations m the biological 
field. Sociologically we must be closer to 
the grub, say, than to anything quite so 
elaborate as a donkey. 

Social wholes tend to giow weaker as 
they are isolated, as they grow too big 
and become unwieldy, as separate parts 
strive for autonomy, as communications 
are obstructed. Each of these circum- 
stances contributes to self-assertiveness 
at the expense of the integrative self- 
transcending powei. Within any given 
society, among individuals at different 




A JOKE is diagrammed by Koestler 
as intersection of fields. Listener 
laughs when narrative meets flash. 


age levels, there aie further illustrations 
of bipolarity and conflict. In the process 
of “maturation” a child’s sense of one- 
ness with the environment wanes and 
the self-assertive tendencies increase. In 
Western societies of course these tenden- 
cies are encouraged by the sacred slo- 
gans of competition and so on. 

This, in Koestler’s opinion, suffices to 
explain the crisis in present civilization. 
It is not, as Freud supposed, the sup- 
pression of man’s destructive or death 
instinct that ails us. It is rather that we 
witness the “atrophy of the integrative 
tendencies in the social whole.” Civiliza- 
tion is m the condition of a neurotic 
patient. To put civilization on a couch is 
difficult, and one may doubt that there is 
a therapist qualified to tackle the job of 
reintegration. (One may, I assume, dis- 
pense with any leference to the succor 
which might come from a supernatural 
power.) 

Koestler pronounces the crisis “pro- 
found” and asserts that it must remain 
so until at least two conditions are ful- 
filled: “The final integration of national 
states into a global whole, and the adap- 
tation of social organization to changes 
m the natural environment, that is, to 
the level reached in the technique of the 
exploitation of natural resources.” But 
just as the neurotic may not survive a 
succession of crises because he is too sick 
to begin with, is unable to adjust his al- 
ready unbalanced nervous pattern to 
fresh cncumstances, or because the de- 
mands upon him may he too numerous 
and vehement, so it is unlikely, Koestler 
thinks, that western European civiliza- 
tion “has a sufficient regenerative span to 
survive until it attains this aim.” Exactly 
where this leaves us is not clear. 

S O MUCH for what, despite its length, 
is an extremely sketchy recapitula- 
tion of Koestler s large work. It would 
have been a good deal easier, I am con- 
vinced, to summarize m the same space 
Kant’s Critique , Lotze’s Microcosmos , or 
the writings of Arnold Toynbee. 

Apparently the seriousness of the sub- 
ject and Koestler’s conviction that dais 
represents his magnum optis interfered 
with his well-known verbal dexterity. 
The lesult is something to behold. As he 



STREAM of consciousness wanders 
among fields. Reactions to stimuli 
depend on field tuned in at the time. 


himself frankly admits, in trying to 
“strike a precarious balance between the 
claims of the general reader and of the 
specialist” he achieved a work in which 
“verbose passages boring to the scholar 
alternate with others over which the gen- 
eral reader may stumble.” Not only is 
the writing afflicted with jaigon and 
painful technical coagulations, but it is 
also evident that for fear of being 
thought an amateur m these many dis- 
ciplines, Koestler wrote as onlv an ama- 
teur saddled with such a fear would 
write. 

He is invariably long-winded and 
turgid, often imprecise and superficial. 
For example: “The manifold fields or 
schemata of mental operations are selec- 
tive matrices of acquired habits. They 
are, needless to say, not linear claims of 
conditioned reflexes but integrated habit 
patterns of extreme plasticity and adapt- 
ability. . . The concomitant increase of 
imaginative inertia and ‘clumsification’ 
deprives the emotive of its lithe adapta- 
bility and supplies the sneer at un- 
orthodox forms of art. . . Art is surprise 
m permanence . . Benvenuto Cellini’s 
golden saltcellai for Francis I is a source 
of aesthetic pie asm e as well as a recepta- 
cle for salt. For— and this is the essential 
point— as it only functions as a receptacle 
of salt for a few seconds during a long 
meal, what is it doing the rest of the 
time?” This latter question has baffled 
me for some years, hut I regret to report 
that Koestler, having posed it, fails to 
give an answer. 

What is new and original in these 
many pages? Koestler’s theory of the 
comic, to which half the book is devoted, 
is largely a contrivance of borrowed 
parts with a new’ panache. The concepts 
of operative fields, selective operators, 
junctions and so on, contain no real inno- 
vations. “Bisociation,” for all of Koes- 
tler’s exertions to pass it off as a profound 
and revolutionary concept, pioposes 
nothing essentially new. Koestler’s theo- 
ries of biology, especially of brain func- 
tion, are naive restatements of certain 
current views; as a psychologist he 
adopts the “holistic, or organismic or 
Gestalt approach,” with a few home- 
made embroideries He strives to empha- 
size the difference between his theories 



CHANGE in stream of consciousness 
requires a “junctional concept," In 
the diagram this is between A and R. 
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ol frustration, neuioses and social ills and 
those of Fieucb He avers that his own 
theories aie sustained by “overwhelm- 
ing” biological evidence; but what he 
adduces by way of pi oof is certainly less 
than overwhelming, though from my 
standpoint Freud's teductlve simplifica- 
tions aie equally unsubstantiated. In 
shoit, Koestlei advances old ideas, but- 
tressed by cut rent scientific hypotheses, 
many of the most speculative kind, the 
whole loosely bound togethei m a vague, 
grandiose, metaphor-ridden Welt Philo- 
sophic which smells a little of Hegel, 
Spengler and Freud. 

Wheie Koestler conveys a first impies- 
sion of oiiginahty is m Ins exposition of 
scientific ideas by the use of beguiling 
metaphois and enticing analogies. He 
senses the dangers inherent m this 
method of proof and warns of them, but 
the ingenious teller of tales triumphs 
over the amateur philosopher and scien- 
tist. “Similitudes,” said Thomas Fullei, 
Aie the windows which give the best 
light,” but the light of Koestler’s simili- 
tudes is too often deceptive. The humor 
diagrams aie inoffensive so long as it is 
cleat that their purpose is only to show 
abstract lelationships of abstract classes 
of ideas. Befoie long, however, one is led 
to believe that the separate planes of the 
diagiams have theii physical counter- 
parts in the biain, that each wiggling 
arrow is a wiggling motion m the biam 
cells. The very term “cognitive geom- 
etry” is ridiculously misleading if only m 
its implication that mental behavior is 
expiessible m precise mathematical lan- 
guage. Koestler's description is compli- 
cated by the fact that at various times he 
likens the brain to a radio receiver, a 
tuning fork, a high-tension generator, a 
reservoir, a piano, a smooth pond, or a 
pond with ripples. It may be, I suppose, 
that the inside of the head corresponds 
to any or all of these objects, or it may, 
as in C. S. Sherrington's famous image, 
lesemble a “great ravelled knot” twin- 
kling with the tmy Lights of thought and 
emotion Yet until the mattei has been 
settled I continue to feel uneasy, for it 
seems to me I have the right to know 
when deciding whether or not to sub- 
scribe to Koestler’s theory how my head 
measures up to a Steinway, a Philco or 
a Westinghouse quarter-horsepower mo- 
tor. 

K OESTLER’S extension of the self- 
assertive and self -transcending ten- 
dencies to the “inorganic level” leads to 
other strange conclusions. Thus, “energy 
concentrations,” as in elementary parti- 
cles, and “the formation of molecules, 
crystals, and so on” are not merely exam- 
ples of “structurally differentiated inte- 
grated (sic) patterns,” but are “genetic 
precursors” of the two main behavior 
drives. And, “inertia, centrifugal momen- 
tum, free valences and so on” are in the 
same class as a malicious witticism in 
. evincing Autonomous; or self-assertive 


tendencies ” It would be equally con- 
vincing and equally poitentous— having 
first asserted that all things either gathei 
or disperse, rise or fall, are positively or 
negatively cliaiged, male or female, hot 
oi cold— to deduce the nature of the 
world from any of these antitheses In 
Koestlei ’s dream all animals, vegetables, 
minerals and ideas are km eithei to 
Francis of Assisi 01 to the practical jokei 
He says; “The fiist schoolboy to have the 
revolutionaiy idea of sawing through the 
legs of the teacher's chair was obviously 
a cieative genius His usual methods of 
satisfying aggiessive impulses against 
other schoolboys . . being inapplicable 
m the teacher’s case, the operative fields 
of habit aie blocked, and a creative 
stress results ” 

It is m Koes tier’s analysis of “discov- 
eiy,” i e , the “Euieka process,” that his 
theory attains full floweimg and its ripest 
absuidity. “Euieka 1 ” it will be recalled, 
was Aiclnmedes' ciy as he ran naked 



THOUGHTS of Archimedes befoie 
his great discovery are schematized 
thus. S represents the starting point. 



AFTER DISCOVERY AichimedeT 
mental processes followed this path. 
At point T he exclaimed, ‘"Eureka l " 

through the streets of Syracuse, having 
just discoveied, while taking his bath, 
how to determine whether there was an 
admixture of silver in the allegedly pure 
gold crown given to Hiero, the Tyrant, 
by his jewelers. The discovery was that 
of the hydrostatic law which states that 
the amount of weight lost bv a body 
when immersed in water is equal to the 
weight of the water displaced. Koes tier's 
version of “Archimedes’ reasoning,” 
which makes the greatest scientist of an- 
tiquity appear to be something of a half- 
wit, includes a diagram to show die 
condition of Archimedes’ mind before 
the famous hath. It is shown m the top 
diagram on this page. 

Koestler explains that Archimedes for 
some time failed to connect “the sensu- 


ous and trivial associative contexts of 
taking a hot bath with the scholarly pur- 
suit of the measuiement of solids.” But 
at last he managed, by self- transcend- 
ence, to rise above the sensations of 
“heat and cold, fatigue and relaxation, 
sex and beauty and so on,” and by a su- 
preme effort wrenched his mind into a 
cusplike condition, portrayed m the bot- 
tom diagram. 

Koestler , apparently having been there 
while the thing was taking place, tells us 
finally that the exact moment of the 
great discovery was when “Archimedes 
saw his familiar hairy body as 'a solid 

which displaces a given amount of wa- 
. * » 
ter. 

T HE MAIN flaw of the book, apart 
from its occasional sweeps of non- 
sense, its pretentiousness, pseudo pro- 
fundity and non-stop quality, is its steril- 
ity. For all its bulk it says very little, 
because Koestler has very little to say. It 
lacks a real, driving pnnciple or insight 
which could lead to fruitful conclusions. 
Despite Koestler ’s repeated denial that 
he advocates a simple dualism of nature, 
he seeks m fact to describe all events and 
substances, organic and inorganic, by a 
tautologous formula of “A or non-A.” 
Nowhere is there a satisfactoiy explana- 
tion, in primitive terms, of the cause of 
either of his “tendencies” or of the mode 
of their evolution. His essay is studded 
with generalities about the nature of 
“cognition” but nothing concrete is said 
about how we come to know what we 
think we know. The attempts to formu- 
late a serious, comprehensive theory of 
knowledge— essential to any such ambi- 
tious effort— are of the most jejune kind. 
Indeed, while Koestler pretends to a 
deep penetration of the classic problems 
of philosophy, he fails in fact to address 
himself to any of them. It never seems to 
occur to Koestler that a balanced, thor- 
ough examination of any mental state 
requires what one might call “algebraic” 
more than “geometric” reasoning. Such 
abstract factors as order, probability, in- 
ference, transformation, among others, 
are of course at the root of thought 
processes. Koestler mentions none of 
them. And as for social and political cir- 
cumstances, it is amusing to note that by 
his own standards Koestler, the reformed 
Communist, has elevated the Soviet 
Union— insofar as it practices Marxism 
and pursues a rigidly planned economy 
—to a position at the apex of the hierar- 
chy of “social wholes.” For in Russia, 
where the rights of the individual are 
subsumed to the needs of all the toilers, 
“self-transcendence/’ m theory at least, 
would seem to have attained its apotheo- 
sis. I should not have thought it was the 
author’s intention to prove tills. 

You may find a variety of attractive 
wares in Koestler’s literary, philosophic, 
scientific and artistic delicatessen, but if 
you are shopping for insight and out- 
look, I suggest you go elsewhere. 
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THE AMATEUR 


Conducted by Albert G. Ingalls 

N O well-advised amateur starts by 
making so elaborate a telescope 
as the 10-inch, reflector shown m 
the illustration on page 61. This is a 
second telescope, designed by an ama- 
teur who had been satisfied to start more 
humbly with the beginner’s six-mch. 
After using it long enough to acquire 
ideas based on actual experience, he 
applied that experience to the design of 
h is advanced instrument 

Ed wm F. Bailey, assistant at the Fels 
Planetarium in Philadelphia, made the 
10- inch mirror, and the late John 
(“Everybody’s Friend”) Schaad, fore- 
man of the optical shop at the Frankford 
Arsenal, made the diagonal. The mount- 
ing was designed and made by the own- 
er, D. Robert Yarnall, of the Yarnall- 
Warmg Company, Chestnut Hill, Pa., 
manufacturers of power-plant special- 
ties. “There is nothing unusual about the 
design,” Yarnall writes m i eply to an 
inquiry, “except peihaps the axes, which 
I made especially heavy because the 
amateur telescopes that I have seen and 
used were inadequate in this respect. 
The hollow shafts are made of seamless 
tubing. A smaller tube was slipped into 
and pinned to a larger tube, then the 
assembly was tinned to two-inch outside 
diameter for the smaller size, three-inch 
for the larger. 

“The two yokes in which these shafts 
revolve are fabricated of 1/4- and 3/8- 
inch steel plate. The tube is held m a 
yoke of 1/4-mch steel plate, and may be 
rotated to turn the eyepiece to the most 
comfortable position for observation ” 
This use of steel plate for the parts 
of a telescope mounting is so direct a 
method for obtaining a neat and rugged 
mechanism that it perhaps merits the 
special appellation “fabricated steel plate 
construction.” 

The Yarnall telescope is semiportable. 
When not in use it is trundled on heavy 
casters into a closet near the top of Yar- 
nalTs house. When it is used if is moved 
out of doors to a deck covered with 3/16- 
inch steel plates. These distribute the 
load. Hand-operated screws on the four 
feet of die pedestal are run down to the 
steel plates after the polar axis is pointed 
to the North Star. Its orientation is con- 
veniently checked by a north-south line 
painted on the steel plates. 

Final adjustment of the polar axis to 
the altitude of the pole is made possible 
by a specially designed small-angle 


hmge between the sloping top plate of 
the pedestal and the bottom plate of the 
pohu-axis yoke The crosswise hinge pm 
at the top, retained m its grooves by a 
small bolt and spring washei, is a lod of 
1/4-mch hi ass. A hand screw neai the 
bottom of the yoke member serves to ad- 
just the vertical angle ol the hmge, and 
an intermediate pan of sciews holds the 
angle chosen. “This has woiked out very 
satisfactorily,” Yarnall states. 

“The tube,” he continues, “is designed 
so as to rotate easily m the supporting 
yoke, and this too has worked well ” Two 
fixed lengths of Monel metal jack chain, 
attached permanently to the respective 
ends ol the wyes ol the tube yoke, pass 
around the tube in two deeply grooved 
biass stiffening rings. At their othei ends 
these chains have eyebolts with wing 
nuts, and these tighten against slotted 
faces on the opposite wyes. To lotate the 
tube, the wmg nuts aie temporarily loos- 
ened. The tube is built up of six light- 
weight steel T-sections. 

While the Yarnall telescope has a 10- 
inch mirror, the diameter of its tube is 
a full 12 inches The value ol this feature 
has been recognized moie frequently 
since it was embodied m Russell W 
Porter’s revision ol the Springfield type 
of mounting 12 years ago. It is believed 
by some that its advantage will be seen 
if the mirror is Foucault- tested m the 
tube. According to amateurs m Chicago, 
a small tube often produces on the mir- 
ror the appearance of having a turned-up 
edge. This is attributed to a layei of cool, 
dense an adjacent to tire metal 

An examination of the telescope and 
an analysis of its blueprint tend to lessen 
the initial impression that it may be hard 
to build. Many amateurs have access to 
the necessary machine tools. Yarnall, 
who could easily have turned the blue- 
print over to his plant for manufacturing, 
instead made nearly the whole telescope 
in his small shop at home. He did not, 
however, have adequate machinery for 
all the parts “I am much too fond of 
doing work with my own hands/’ he 
says, “to share all this pleasure with our 
shop. 

“When the telescope was completed,” 
he continues, “I soon found that mv 
arms were not long enough to reach the 
valve handwheels on the worm drive for 
rotating the axes, so we attached a flexi- 
ble shaft to each worm spindle and then 
added another handwheel on the upper 
end. This convenient extension makes it 
possible easily to operate both axes dur- 
ing observation. 

“One capstan-operated locking screw 
is applied to each of the axis worm 
wheels for convenience in major move- 
ments of the telescope tube. To facilitate 



examination and dusting ol the muror a 
covei plate was added to the bottom of 
the tube Although seldom used, it has 
been found a convenience. 

“The telescope has given a gieat deal 
of pleasure to our family and to many 
neighbors m the surrounding area who 
had never had a chance to look at the 
stars.” 

E LLISON’S condemnation of the diy- 
papei, dry -rouge polishing lap for 
telescope mnrors, contained in Amateur 
Telescope Making , page 368, three years 
ago led Fatliei M. Daisomont of Ostend, 
Belgium, to send this department a 
printed polemic on the vntues of that ill- 
reputed method. From his communica- 
tion the two following paragraphs are 
abstracted. 

“Reverend Ellison argues that paper 
laps cannot he deformed and that they 
cause scratches My mnrois show no 
scratches, and the claim that the paper, 
because of its thickness, rendeis the co- 
incident curves of mirror and tool no 
longer the same ladius by a gross amount 
is eiioneous. Calculation shows that the 
difference thereby introduced is only 
1/ 250,000-mch. The paper, pasted on 
the glass tool, is brushed shaggy with 
bristles and fits after a lew strokes. 

“Polishing on pitch gives good lesults. 
Polishing on paper is at least as good, 
but far simpler, cleaner, more manage- 
able. Foucault made wonderful mirrors 
with this, his method. It can produce 
real gems. As for pitch, send it to the 
devil It will then be in its element ” 

In January, 1947, this department, 
seeking only the facts, published a theo- 
retical refutation of Ellison’s claim that a 
sheet of paper throws mirror and lap out 
of coincidence by the amounts he indi- 
cated. The amount pioved to be about 
the same as Father Daisomont had 
slated This department then invited him 
to furnish instructions for the paper lap, 
together with a small sample of the 
paper he used. These weie received two 
years ago. He wrote, “I send the exact 
description of how we prepaie and use 
paper laps. 

“It is essential to use paper of excel- 
lent quality, pure, without defects, un- 
sized We think well of duplicating pa- 
per 1/10-millimeter thick Make flour 
paste of soft consistency and strain it 
through fine linen to avoid lumps. Clean 
the tool, rub on a light, uniform layer of 
paste Rinse paper in water, remove ex- 
cess water between blotters, lay it at 
once on the tool, and roll out excess 
liquid with hand or roller. With a knife 
tip remove any hard grains m the paper. 

“When it is dry, cut around it with a 
razor blade, leaving a millimeter to fold 
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down. With an old toothbiush rub the 
paper to raise a light down. With the 
hand put on a very little dry rouge, uni- 
formly. Remove surplus rouge with a 
toothbrush. The rouge layer should be 
so light that the paper may easily be 
seen. If too thm during work, add a little 
rouge.” 

Copies of these instructions, with little 
samples of the Belgian paper, which a 
New York papei manufacturer has called 
ordinary mimeograph paper, have been 
sent from time to time m the past two 
years to approximately 25 individuals 
and gioups m the U. S. Most of these de- 
clined to make the test Some of them 
pointed out that m Amateur Telescope 
Making Ellison had already settled the 


matter. However, several did try the pa- 
per lap. 

In July, 1947, John M. Holeman, of 
Richland, Wash., reported. “The paper 
lap is fast but gave a ‘lemon-peel’ finish, 
though not so bad a one as a felt lap. 
Under test my mirror, polished four dif- 
feient times, looked like blistered paint 
01 ripple glass. The figure is easily con- 
trolled with paper. Turned-down edge 
is not so bad as with the soft pitch many 
use The diag is great and a 10-minute 
spell of polishing takes a lot out of one. 
After fine emery I polished in half an 
hour. The lap is so fast that it is hard to 
figure with it. 

“Making the lap conform is the chief 
difficulty Despite theory, the paper’s 
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thickness 01 some tiling does distort the 
cuive and the edge polished hist. This 
can lie handled by watching foi it and 
buffing down the lap with a suede 
leathei wne brush— at the cost of as 
much woik as channeling a pitch lap.” 

In March, 1948, J. J. Peabody and 
Dale Bufkin, of Elgin, 111., reported: 
“We stiongly suspect that ‘Daisomont’ is 
Albert Ingalls m disguise! We battled as 
follows With a six-inch fS mirror we 
tried eight grades of paper from .002- to 
.008-inch thick. We polished 180 hours 
on our machine at various speeds and 
undei pi assures 0 to 25 pounds, the lap 
eight inches in diametei. Also tried it 
three horns by hand. Extreme caution 
is needed to avoid sciatches We tued 
rouge, cerium, Bamesite. In every case, 
gross lemon peel showed under test. On 
a pitch lap this vanished at once. Back 
on the paper lap it reappeared. From 
theory, you admitted Ellisons eiror 
about the fit of curves, but in practice he 
is right, they just don’t fit. Radius of out- 
side zone came out 12 inches longer than 
central zone ” 

W. A. Calder, professor at Agnes Scott 
College, Decatur, Ga., reported* “Tried 
three times to polish, using mimeograph 
papei, Scott tissue, rouge, Barnesite, 
dry, then with kerosene, again with tur- 
pentine. Results inconclusive. I finally 
broke down and put the mirror on a 
pitch lap, which did wonders m a few 
minutes.” 

Rudolph Moulik, of Cicero, 111., re- 
ported that the paper lap seemed to be 
good when tested on two four-inch con- 
vex surfaces. Howevei, since convex 
shapes cannot be tested by the Foucault 
method, the state of the sui faces could 
not have been studied He attached the 
paper with thin varnish and found that 
it was difficult to keep good contact. He 
polished with Barnesite. 

Shown some of these reports, Father 
Daisomont replied in December, 1947: 
“There is certainly something wrong 
with the work of your American friends.” 
His claims, many of them so emphatic 
and extensive that there is not space to 
repeat them lieie (our Daisomont file is 
now an inch thick) , do indeed point to- 
ward the conclusion that somewhere 
there is a large discrepancy, especially in 
view of the fact that in one of his 11 let- 
ters he mentioned that he had just pol- 
ished and figured a six-inch fS.S mirror 
in 10 hours on a dry paper lap and that 
it showed the image of Saturn very well 
at 350 diameters. 

Therefore this department will pursue 
the discrepancy further. To that end it 
has asked Father Daisomont for a little 
of his rouge and enough paper for a lap, 
and will try to follow his instructions 
without the slightest deviation. (It has 
also sent him Garnet Fines and told him 
that after their, use* glass on glass, not 
Only the large type named by Ellison 
in ATM, page 89*' Wt the text type of 
; ATM could be read through die mirror* 


chy, held seven inches below the eyes 
and seven inches above the page, also 
that Barnesite, likewise sent, would then 
polish the minor on pitch, its sinful 
disposition atoned foi by speed and its 
fragrant aioma, in two hours ) 

S UDDENLY the images of the stars m 
a telescope on a rooftop m Washing- 
ton, D. C., began to dance. They moved 
rhythmically for four minutes, then 
stopped. Tire puzzled telescope ownei 
hurried downstaiis. His wife had been 
beating eggs Only the bluired images 
of the stais revealed the resulting micro- 
seisms of the house, but the telescope 
magnified them exactly as many times 
as it magnified 

Ideally a telescope at the top of a 
building should rest on a solid masonry 
piei descending well into the earth and 
slightly separated from contact with any 
other part of the structure. For most tele- 
scope owners this stiff requirement is 
unrealizable. In defiance of it they erect 
telescopes on rooftops. Often the re- 
sults are satisfactoiy (Ideally telescope 
mirrors should be made in cellar shops 
with uniform temperatures; but many 
made in evil temperatuie conditions 
prove good.) 

Stress analysis of a building should 
reveal how much a telescope will vibrate 
on top of it. A far less complex appioach 
is to lug the telescope to the loof and 
try it theie A collection ol actual expe- 
riences with rooftop obseivatories mav 
also throw valuable light on this question 
of telescope stability. 

The following aie two extremes. In 
the first an obseivatory dome was erected 
on top of a tall four-legged structure of 
heavy timbers, diagonally braced. Even 
then the star images danced whenever^ 
the observer batted an eye. Another 
person, if present, was forced almost to 
hold his breath. The bracing simply did 
not work as expected. In the second 
Russell Porter was asked whether a dog 
rapidly scratching its ear would agitate 
the 200-inch telescope His reply. “Bring 
on your dog.” 

In 1932 this department published a 
description of a dome on top of a large, 
two-story- and-attic frame house, with 
the telescope mounted directly on the 
attic floor. Recently the ownei s, George 
E and John R. Pelham, of Newark, N. Y., 
were queried about the kind of perform- 
ance it gave The reply was, “We never 
had difficulty with vibration.” 

(A digression to describe the ingen- 
ious method of erecting this dome: First 
a hemispheric dome was built inside the 
attic, complete, unattached. Next a cyl- 
indrical dome ring, the vertical sidewall 
of the dome-to-be, was built beside it. 
Finally a hole was sawed through the 
sloping roof, the sawed-out portion was 
removed* the loose dome was pushed 
through this hole and shored, the pre- 
pared dome ring was lifted beneath it 
and the gap between it and the roof was 
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WHICH WILL YOU HAVE ? 


For some reason, the goose egg stands for 
zero . . . nothing. 

The nest egg, however, stands for a tidy sum 
of money, set aside for your own or your 
children’s future. 

It’s hardly necessary to ask you which you’d 
prefer. 

But it is necessary to ask yourself what you 
are doing to make sure you don't end up with 
a goose egg instead of a nest egg ten years 
from now. 

The simple, easy, and obvious thing to do is 
to buy U. S. Savings Bonds. 

Buy them regularly, automatically, on a 


plan that pays for them out of the month-to- 
month income you make today. 

Millions of Americans have adopted this 
practically painless way to save up a nice nest 
egg for the needs and wants of the future. 

In 10 years they get back $40 for every $30 
invested in U. S. Savings Bonds — bonds as 
safe and solid as the Statue of Liberty. 

There’s a special Savings Bond Plan for you. 
Ask your employer or banker about it today 
. . . and get started now . 

You'll soon realize that buying U. S. Savings 
Bonds regularly is one of the most important 
and comforting things you ever did ! 



Automatic saving is sure saving - U.$. Savings Bonds 


Contributed by this magazine in co-operation with the Magazine Publishers of America as a public service « 




"Madame X* was the code name, during research and development, 
for an entirely new system of recorded music . . perfected by RCA. 


~77?e re/narkri/e "Maeferme Jt" 


Now the identity of “Madame X,” 
the unknown in a long search for 
tone perfection, has been revealed. 
From this quest emeiges a complete- 
ly integrated record-playing system 
—records and automatic player— the 
first to be entirely free of distortion 
to the trained musical ear . . . 

The research began 11 years ago at 
RCA Laboratories. First, basic factors 
were determined— minimum diameters, 
at different speeds, of the groove spiral 
in the record— beyond which distortion 
would occur; size of stylus to he used; 


desired length of playing time. From 
these came the mathematical answer to 
the record’s speed — 45 turns a minute— 
and to the record’s size, only 6% inches 
in diameter. 

With this speed and size, engineers 
could guarantee 514 minutes of distortion- 
free performance, and the finest quality rec- 
ord in RCA Victor history! 

The record itself is non-breakable 
vinyl plastic, wafer-thin. Yet it plays as 
long as a conventional 12-inch record . 
The new RCA Victor automatic record 
changer accommodates up to 10 of the 
new records— 1 hour and 40 minutes of 


playing time— and can be attached to 
almost any radio, phonograph, or tele- 
vision combination. 

Not only records are free of surface noise 
and distortion— the record player elimi- 
nates faulty operation, noise, and cumber- 
some size. Records are changed quickly, 
quietly . . . RCA Victor will continue to 
supply 78 rpm instruments and records. 

This far-reaching advance is one of 
hundreds which have grown from RCA 
research. Such leadership adds value 
beyond price to any product or sendee 
of RCA and RCA Victor. 
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PRECISION 
INSTRUMENTS FOR 
PRECISION TESTING 




DYNAMOMETERS 

Measure fraction, tension, weight. 
In field or laboratory — quickly, 
precisely. Only ,040” movement 
for full reading Individually cali- 
brated Nine interchangeable ca- 
pacities, O-SOO ibs. to 0-20,000 lbs. 

PRESSURE GAUGE 

For tight spots Small, fits in palm 
of your hand Jeweled dial indi- 
cator on ”U" pressure bar gives 
instant readings up to 5,000 Ibs. 
Versatile — rugged — lightweight. 

THERMOMETER 

Stainless steel Instant, accurate 
readings M oi stu re — overheat 
proof, Fahrenheit and Centigrade. 
Variable stem lengths, 4” to 42”. 
Dials from I” to 5” Pressure 
proof excess 3474 psj. 

UNIVERSAL TESTER 

MODEL L- Specimen testing -f 
Ibs. to 140,000 psi in seven ranges 
Quick, easy, interchangeable. 
Tests rounds, flats, special shapes; 
any material 

MODEL M, for low range critical 
testing. Ounces — tenths — kilos. 
Calibrated pendulum accuracy to 
'A of l%. 


$ WRITE TODAY FOR ILLUS- 
TRATED BULLETINS, FREE TENSILE STRENGTHCOMPUTER, 
TELLS IN SECONDS BREAKING POINT OF MATERIALS* 

W, C DILLON & CO., INC. 

5410 Y W. Harrison St., Chicago 44, Illinois 




BLACK LICHT 

ideal for the study of minerals Observe the 

colors of fluorescent materials under the 250 

Watt Purple X Lamp (Black Light). Why do 

white onions fluoresce a pink and fhe roots a 

snow white? Potatoes fluoresce a milky blue and 

the peelings are wholly negative. These results 

and many more are obtained under the same 

tamp. Minerals from dif- 

ferent parts of fhe country rtMKV OC 

give off different colors Wr,LT 

Get a Black Light for express collect. 

POLAROID 

Experiment with polarized fight. Get two pieces 
of genuine Polaroid that can be used in pho- 
tography, petrology, 

Physics, chemistry, p R|CE $1.00 

ALNIC0 

Amuse your friends with magnetic tricks and 
stunts. Study lines of force with these powerful 
A ! nico Magnets 

lifts $1 .00 lifts Tq lb $1 .50 PA?d’ 

COMPASS 

Famous make pocket compass made of durable metal, 
accurate, easy to read 2" diameter with unbreakable 
crystal 75c postpaid. Excellent for Campers, Tele- 
vision Installers, Magnetic Experimenters. 

GYR0-T0P 

Demonstrates the principle of the gyro-compass. A 
seurcn of entertainment and scientific facts for all 
ages. Complete with accessories $1 .25 postpaid. 

P0RR0-PRISMS 

I? JK 6 « x * 50 binoculars. Seconds* Will give 

excellent spectrum proj&ctieo in sunlight $0* each. 

HARRY ROSS 


m 


Sc htttific and Laharotory Apparatus 
Wtest Broadway, New York 7. NL Y. 



Sirs 

"Trial by Newspaper'* is an outstand- 
ing job and you are to be congratulated. 
It jToints the way to more analyses of the 
same land on subjects that are perhaps 
even more crucial to the world, although 
civil rights certainly is a most impoitant 
one. 

I have a question I would like to ask. 
First, wouldn't it be highly important m 
measuring the effect of the pro and con 
statements as you determined them to 
show also the circulation of the news- 
papers ' 3 I am convinced that the effect 
on Dr. Condon of the unfavorable han- 
ding generally was multiplied many 
times over by the far larger circulation 
of those papers that can be consideied 
hostile to him compared with the circu- 
lation of those that might be considered 
sympathetic, and that the survey was 
misleading to that extent. Perhaps the 
total number of statements you worked 
with should have been multiplied before 
you started your peicentage calculation 
by the number of times each statement 
actually appeared in print. 

GEORGE FAMPEL 


New York, N. Y. 

• The circulations of the two groups 
of newspapers involved in the Con- 
don study were compared in the re- 
port of the Columbia University 
Bureau of Applied Social Reseaich. 


Scientific American. April, 1949; Vol. 180, 
No 4. Published monthlv by Scientific American, 
Inc., Scientific American Building, 24 West 40th 
Street, New York 18, N. Y , Gerard Piel, president, 
Dennis Flanagan, vice president, Donald H Miller, 
Jr, nee president and treasurer. Entered at the 
New York, N Y Post Ofiite as second-class matter 
June 28, 1879, under act ot Minch d, 1879 Addi- 
tional entry at Greenwich. Coun 

Editorial correspondence should be addressed to* 
The Editors, Scientific American, 24 West 40th 
Street, New York 18, N Y Manuscripts are sub- 
mitted at the author’s risk and will not be returned 
unless accompanied by postage. 

Advertising correspondence should be addressed 
to Charles E. Kane, Advertising Director, Scien- 
tific American, 24 West 40tb Street, New York 18. 
N. Y. 

Subscription correspondence should he ad- 
dressed to Circulation Director, Scientific Ameri- 
can. 24 West 40th Street, New York 18, N. Y 

Change of address : Please notify us six weeks in 
advance of change. If available, kindly furnish an 
address imprint from a recent issue. Be sure to give 
both old and new addresses, including postal zone 
numbers, if any. 

Subscription rates for TJ.S.A. and possessions; 1 
year, $5; 2 years, $9; 3 years, $12.50. Canada and 
Latin America; 1 year, $6; 2 years, $10; 3 years, 
$14. AH othei* countries 1 1 year, $8; 2 years, $12; 
3r years, $16. 
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LETTERS 

Circulation, however, was not fac- 
tored into the Bureau’s content 
analysis, because of tlie difficulty of 
estimating the relative readership of 
news stories in the various news- 
papers. “Reader traffic” studies have 
indicated, for example, that the 
readers of the Times and Herald Tri- 
bune devote more attention to the 
news columns, as distinguished from 
other features in the papers, than do 
tlie readers of the Daily News and the 
Journal- American. There are also 
differences in the readership of var- 
ious types of news in various newspa- 
pers. The size of circulation is a sig- 
nificant factor in studies of the effects 
of newspaper treatment of news 
stories, but it is not at present sus- 
ceptible of precise evaluation. 


Sirs. 

I have just received your Febiuary 
issue regarding the investigation into 
newspaper reporting of the case of Di. 
Condon. I have also lead elsewhere 
about the lecommendations of the com- 
mittee of scientists which sponsored the 
study. The study is praiseworthy, and it 
seems to me inevitable that newspapers 
must give way before the cumulative 
pressure of this kind of evidence. 

I am disturbed, however, to note the 
committee’s recommendation that radio, 
television, still and motion picture pho- 
tographers be baired from Congressional 
investigations. These are termed the 
“sensational media of mass communica- 
tion.” No medium of mass communica- 
tion is sensational per se. I am veiy 
dubious about any effort to distinguish 
between those types of communications 
media which convey legitimate and 
necessary information to the public m a 
demociacy and those which are “sensa- 
tional” and theiefore undesuable. Actu- 
ally a distinction between camera re- 
porting and verbal reporting is most 
artificial. If the American public has a 
stake in Congressional investigations and 
therefore has a right to information 
about the conduct and outcome of those 
investigations, then it has as much right 
to information piesented pictorially as it 
has to printed information. 

The business of creating legal re- 
straints on the coverage of matters of 
legitimate public interest by whatever 
medium is something that all publishers, 
including yourselves, should be quick to 
oppose. These restrictive measures, 
called up out of an emotional reaction 
over a particular incident, often have 
consequences so far-reaching and so evil 
as to make the initial consideration un- 
important by comparison. I sincerely 
hope that the legislation proposed by the 


committee of scientists is defeated, not 
because I am not in sympathy with any 
effort to improve the quality of news- 
papei covet age, but because I feel you 
have ovei looked something of very grave 
danger m voui manner of handling it. 

DWIGHT BENTEL 

Head, Department of Journalism 
San Jose State College 
San Jose, Calif. 


Six s 

. . . “Trials by newspaper” are nothing 
new, but the writers of the aiticle m 
question appioach the case of Dr. Con- 
don from a new point of view with re- 
sults that I hope that the newspapers 
themselves will study carefully I have 
long felt that the coloration and weight- 
ing of the news is a matter of great con- 
cern to the geneial public. 

HAROLD L ICKES 
Washington, D. C. 


Sirs : * 

“Tiial by Newspaper” is indeed an 
important contribution to our under- 
standing of how the House Committee 
on Un-American Activities achieves its 
effectiveness as a colorer of public opin- 
ion. I am sure that the article will stimu- 
late understanding and* I hope, action 
to lestnct the powei of evil which is now 
lodged m that Committee. 

WALTER GELLHORN 

School of Law 
Columbia University 
New York, N. Y. 




NEW throughout, from base, housing, 
and eyepieces to thermometer . . . the 
new Bausch & Lomb “Abbe-56” Refrac- 
tometer brings you many new exclusive 
design features . . . for easier, lower cost 

operation for more accurate readings. 

In addition to the four important per- 
formance advantages shown at the right 
there are advanced-design features in the 
telescope system, operating mechanism, 
prism cement, thermometer stand, and 
finish. And, with all these new advance- 
ments . . . there is no premium price tag. 


NEW! Extra, easily in- 
terchangeable prism 
set available. No lost 
time for prism recon- 
ditioning. 


NEW! Inclined, fixed- 
position eyepieces 
mountedclosetogether 
for reading comfort. 


NEW! Streamlined 
housing protects scale 
and its moving parts 
f ro mdust, dirt, damage. 


NEW! Illuminated, in- 
ternal glass scales (re- 
fractiv e index tfW sugar 
percentage). 


Sirs. 

It is seldom that a brief book review 
wammts a lebuttal. The leview in your 
February issue of The Universe and Dr 
Einstein seems unfair to the author, 
rcadei and youi selves 

Lincoln Barnett, the author, shows 
promise of becoming an increasingly im- 
portant bridge between the scientist and 
the intelligent public. His superb lepor- 
torial ability was recognized by Dr. Ein- 
stein, who asked for permission to write 
a foreword to the book. 

As your readers are scattered geo- 
graphically so are their mental attain- 
ments. How few in this decade can have 
the embracing wide-held knowledge of 
current development that was possible 
m the years of Wollaston, Henry or 
Franklin. Don t you honestly think you 
have done a disservice to a very consid- 
ei able portion of your readers by steer- 
ing them away from the book? 

KOERT D. BURNHAM 


WRITE for complete information and a demonstration to 
Bausch & Lomb Optical Co.,78l-D St, Paul St., Rochester 2,N.Y. 


Bausch & Lomb 

Refractometer 

AMATEUR TELESCOPE MAKING 


Make your own telescope 


* 

As! for 
detailed information 

(500 pages, 316 illustrations) 

$5.00 postpaid, domestic; foreign $5,35 

on these two 
practical books. 

A postal card will do. 

Extensive, practical instructions for mak- 
ing excellent telescopes capable of seri- 
ous work. 

SCIENTIFIC AMERICAN 

24 West 40th Street, N. Y. 18, N. Y. 

(650 pages, 361 illustrations] 

$6.00 postpaid, domestic; foreign $6.35 
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50 AND 100 YEARS ICO 




A PRIL 1899. “From the air employed 
m a liquid state for the purpose of 
■*- liquefying and fractionally distill- 
ing argon, two other elementary gases 
have been obtained. A preliminary ac- 
count of all these gases has already been 
given in the Proceedings of the Royal 
Society under the names of ‘Neon/ or 
new/ ‘Krypton/ or ‘hidden and ‘Met ar- 
gon/ and at the meeting of the British 
Association at Bristol, the discovery of 
‘Xenon/ or ‘the sta anger/ was an- 
nounced. The removal of these gases 
from argon has put us in. possession of 
pure argon.” 

“Prof, Robert Koch, the celebrated 
bacteriologist, will start some time m 
April for the tropics, at the head of an 
expedition to continue his investigations 
as to the nature and origin of malaria. 
It is hoped that his work will tend to 
mitigate tropical fevers. When he re- 
turned last year from the East African 
coast he advanced a theory that, in the 
case of human beings, mosquitoes played 
the part in communicating malaria 
which ticks played in the cattle disease 
known as Texas fever. He had reached 
the conclusion that where there are mos- 
quitoes there is always malaria, and 
where there are no mosquitoes there is 
no malaria. His theory is that quinine 
taken at the right moment stops malarial 
fever, not by killing the germs, but by 
arresting their growth, and that a proper 
employment of quinine, with the estab- 
lishment of mountain health resorts, 
would rid tropical fever of many of its 
terrors.” 

“At the last meeting of the anthro- 
pological division of the British Society 
of Natural Philosophy, Prof. Flinders 
Petrie gave a very interesting review of 
his investigations dining the last five 
years. At different excavations in Koptos, 
Naquedeh, Abydos, and Hieraeonpolis, 
relics were found dating back beyond 
the year 4,000 B.C., usually taken as the 
beginning of known history.” 

“The Paris Figaro has announced that 
Dr. Bra has found the microbe of cancer, 
and that there is reason to hope that the 
discovery may soon lead to a certain cure 
of that dread disease. Dr. Bra is modest 
and cautious in his statements, saying 
that it must be months before a definite 
\ w announcement would he possible. What 


he has succeeded m doing, howevei, is 
to isolate and cultivate a parasite from 
cancerous tumors and to pioduce there- 
from cancer in animals. The parasite is 
fungus-like and is certainly the specific 
agent of cancer. Di. Bia has spent some 
foui years in his i esearches on the origin 
of cancer.” 

“The recent experiments of Mai coni 
in telegraphing without wires across the 
English Channel have entiiely removed 
his work horn the region of mere expen- 
ment and established it among the prac- 
tical and extremely useful inventions, 
The mam facts of the lecent test are al- 
ready familiar to our readers and require 
no reiteration here. In view of the large 
amount of visional v speculation that has 
been indulged m by some of the investi- 
gators of wireless telegraphy, there is 
something decidedly refreshing in the 
businesslike methods and practical re- 
sults which have characterized the woik 
of this brilliant young Italian.” 


APRIL 1849. “The ship Sea Witch, 
Z\ Captain Waterman, which arrived 
at diis port last week from Canton, 
in the unusually short space of 74 days 
and 14 hours, has, it appears, made a 
series of passages on her course out and 
home again, surpassing in quickness any 
previously made by a sailing vessel. 
These passages make a voyage round 
the world, which he has effected in 194 
sailing days. Her runs are as follows* 
69 days from New York to Valparaiso, 
50 days from Callao to China, 75 days 
from China to New York.” 

“We had recently the pleasure of ex- 
amining a small but very ingenious ma- 
chine, recently invented by Mr. Oliver 
T. Eddy, which promises, when pei- 
fected, to be of very great utility. It is an 
instrument which will print, with almost 
the perfection of an ordmary printing 
press, a single copy of any document, 
and with about the same rapidity as the 
document can be transcribed by a good 
penman. They are played on, as it were, 
striking keys answering to the letters of 
the alphabet, and the response is the in- 
stantaneous impression on the sheet.” 

“Mr. Alfred Smee, of England, has 
announced important discoveries in ani- 
mal electricity. By a test which he terms 
electro voltaic, he has discovered that 
the termination of the, sensor nerves are 
positive poles of a voltaic circuit, whilst 


the musculai substance is the negative 
pole. The sensoi nerves are the tele- 
graphs which cairy the sensation to the 
brain and the motor nerves cany back 
the volition to the muscles. Should these 
leseaiclies be fully confirmed by other 
investigators, they must be regarded as 
the most important physiological discov- 
ery of modern times.” 

“Plausible fallacies are being bi ought 
constantly before the public as things 
wonderful, important and new. Exploded 
theories are continually re-iesolvmg into 
iancilul or promising speculations. At 
the present moment at no gieat distance 
from this city, a perpetual motion has 
has been discovered— a self moving ma- 
chine that is to astonish this before- 
bedarkened planet. The castings are now 
m the machine shop finishing up for the 
final triumph of man’s genius, over the 
sneers and doubts and fears of all nnbe- 
lieveis Ii people would just bear in mind 
that ‘action must be equal and contrary 
to re-action, that every body must perse- 
veie in a state of lest or of unifoim 
motion in a straight line , unless com- 
pelled to change that state by forces im- 
pressed upon it, and that every change 
of motion must be propoitioned to the 
impressed foice/ we would not hear of 
so many ingenious mistakes committed 
by many men who otherwise possess 
mechanical genius and skill.” 

“The Pans papers announce the de- 
cease of Mr. Moreton, an American, and 
it is stated that he has made a bequest, 
to the effect that two bundled thousand 
dollars shall be given to any person who 
shall succeed in constructing a machine 
capable of throwing off ten thousand 
copies of a newspaper in an hour!” 

“The Area of the U. States is now 
nearly 4,000,000 square miles, equal to 
the support of 200,000,000 of popula- 
tion, leaving the country then less thickly 
settled than the State of Massachusetts. 
The Continent, when enclosed in the 
arms of the Union will be equal to the 
support of 500,000,000. The child may 
now be born who will see all this real- 
ized; we are on the eve of mighty events. 
This Continent will yet be under one 
government.” 

“In the year ending on the 1st of 
April 1849, there landed at this port, 
New York, two hundred and four thou- 
sand six hundred and thirty six immi- 
grants.” 


Wing vibration, nimbly controlled, keeps the 
humming bird in flight, enables it to feed with- 
out alighting. 

Electric vibration is the essence of telephone 
transmission. Voice, music, pictures, teletype— 
no matter what type of signal — the story is told 
by the frequency and strength of not one, but 
many vibrations. 

Learning how to control electric vibrations to 
pin-point accuracy has been one of the basic jobs 
of Bell Laboratories scientists in their develop- 
ment of the “carrier” art which enables the send- 
ing of many more conversations over existing 


wires. Among their inventions have been oscil- 
lators, modulators, filters, coaxials, wave-guides, 
and radio lenses. 

Constantly Bell Laboratories scientists discover 
new and better wavs to control and adapt electric 
vibrations by wire or radio to the needs of the tele- 
phone user. Their pioneer work in this field is one 
important reason behind today’s clear, dependable 
and economical telephone service. 

BELL TELEPHONE LABORATORIES 

Exploring and inventing, devising and perfecting , for con- 
tinued improvements and economics in telephone service * 





Medical Microscopes 




BINOCULAR MICROSCOPE 
BST 25/92 

(Interchangeable monocular 
tube with draw tube available) 

The ideal instrument for the 
medical profession offering: 

Ball-bearing fine adjustment 
Built-on, ungraduated mechan- 
ical stage 

Quadruple nosepiece 
3 Achromatic Objectives: 

16 mm., 4 mm., l/l2th oil 
2 pairs of eyepieces 
Magnifications 60-1 000X 




MONOCULAR MICROSCOPE 
CT 25/92 

The preferred student and lab- 
oratory microscope featuring: 

Sturdy construction 
Unsurpassed optical perform- 
ance 

Smooth-operating fine adjust- 
ment without gears 
Built-on, ungraduated mechan- 
ical stage 

Magnifications 60-1000X 


Write today^or Catalog Micro— 100 B 
E« LEITZ/ Inc.r 304 Hudson St., New York 13, N. Y* 

tElTZ MICROSCOPES * BINOCULARS • SCIENTIFIC INSTRUMENTS 
LEICA CAMERAS AND ACCESSORIES 
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The painting on the cover shows some 
constituents of the International 
Business Machines Corpoi ation’s Se- 
lective Sequence Electionic Calcula- 
tor (page 28). The twin tnode vacu- 
um tube at right center, one of 4,989 
such in the calculator, is used m a 
counting circuit. Its ability to count 

50.000 electric pulses pei second is 
at the heart of the calculator’s opeia- 
tion. To the right is anothei of the 
12,500 tubes in the machine, a cold- 
cathode, gas-filled voltage regulator. 
At the left is one of the calculator’s 

23.000 electiomagnetic lelays. The 
type shown, approximately a two- 
inch cube in size, is capable of switch- 
ing 12 independent circuits m five 
milliseconds and serves to stabilize 
conti ol circuits At the center is one 
of the calculator’s 66 individual tape- 
reading stations, with a continuous 
loop of tape mounted in leading posi- 
tion. It has been removed from the 
machine to expose the duvmg gears 
and electromagnetically controlled 
clutch. The unit can 4 read,” or trans- 
late into electrical impulses, 55 rows 
of punched instiuctions or informa- 
tion pei second. The bottom of the 
loop turns around a free-hanging cyl- 
mclei. The latter is called by the IBM 
engineers a “yo-yo” because of its 
resemblance to the children’s toy 
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What GENERAL ELECTRIC People Are Saying 


T. M. LINVILLE 

Staff Assistant to Manager of Engineering , 
Apparatus Department 

Some Needs: A few technical things 
that industry expects young engi- 
neers to do are as follows. The things 
mentioned are just in the field of 
electrical apparatus; i.e., in only a 
small part of the whole industrial 
field. 

8 Big steam turbines, so far, 
have a top efficiency of 34%. We 
are building one for 37%. In the 
future we must get maybe 45%. 

5 Steam locomotives have a ther- 
mal efficiency of 5% to 10%. We 
want an electric locomotive with gas 
turbine, burning coal, with an effi- 
ciency of 18% or better. 

*1 We want stationary gas turbines 
burning oil or coal with efficiencies 
higher than 30% and bigger than 
the 5000-kw unit we are now 
building. 

8 ; We want turbo-jet engines for 
air transportation to drive planes 
faster than the speed of time — to 
leave New York at 6 p.m. and 
arrive at San Francisco at 6 p.in., 
or even to reverse time and arrive 
earlier by the clock than we left New 
York, causing the sun to set in the 
east en route. 

K W e need heat pumps with motors 
and control for heating commercial 
buildings and homes so that build- 
ings will be totally electric. 

*TWe need atomic power to help 
supply increased electric energy 
from new resources. We need 345- 
kv transmission with stronger trans- 
formers and stronger circuit breakers 
to transport power from isolated hy- 
droelectric and atomic power plants. 
We must have more output from 
turbine and water -driven generating 
units. 

^ We must have new electric 
equipment for manufacturing proc- 
esses to increase production per 
man-hour of labor. The motors we 
make must run faster, they must 
run more automatically, and we 
must produce them with less man- 
power. 

*TWe must have synthetic ma- 
terials to make equipment less 
subject to damage by heat, oil or 
acid, or mechanical and electrical 
stress. 

If you think men already have 
enough wealth, just look around 
and see how much we need better 
housing and more attractive en- 


vironment. to name just two of 
many things. Then reflect that it is 
the men in industry, big and small, 
who are responsible for our in- 
creasingly higher standard of living. 

Rensselaer Polytechnic Institute , 
Troy N. Y., 
November 18 , 1948 

ic 

H. L. ERLICIIER 

Vice President in charge of Purchasing 
and Traffic 

Critical Materials: Mam critical 
materials, which are in such world- 
wide demand today, should be — 
and I believe will be — selling at con- 
siderably lower prices than at pres- 
ent. High prices in a competitive 
economy have always provided in- 
centives for increased production 
and for increased substitution, which 
in the long run have brought about 
a lowering of those prices. And we 
can expect those factors to operate 
today. 

1 believe that today’s high prices 
for critical raw materials and fin- 
ished products will he adjusted by 
one or both of two factors: buyer 
resistance and. most important, 
technological improvements and re- 
search. which increase output and 
reduce cost and thus reduce selling 
prices. 

If we have in a certain sense 
taken the cream off the bottle of our 
natural resources, we have by the 
same token only skimmed the sur- 
face. There is a great deal of still 
nnrevealed wealth beneath the sur- 
face that science and engineers are 
almost daily turning up for our use. 

Toronto Electrical Club, 
Toronto , Canada, 
November 24, 1948 

* 

CHARLES E. WILSON 

President , General Electric 

Engineer As Citizen: The issues 
confronting this country are plain, 
the stakes are high, and the degree 
of danger is apparent. The situation 


demands intelligent expression and 
action. It is unsafe for you to del- 
egate the duties of citizenship to 
others because of your preoccupa- 
tion with the slide rule. To withdraw 
into the protective and respectable 
cocoon of your immediate task is to 
assume the spurious mantle of a 
protected class. 

AIEE, Neiv York City, 
February 2, 1949 

* 

K. II. KINGDON 

Assistant Director , Research Laboratory , 
In cha rge. Knolls Atomic Power Laboratory 

New Elements: A nuclear reactor 
may be used for irradiating mate- 
rials so as to produce either new 
elements or materials with greatly 
changed physical properties. . . . 

One might at first sight think, 
then, that here is a method for pro- 
ducing a great variety of substances 
having new properties. This is true, 
hut we must keep very clearly in 
mind that these altered substances 
are going to he extremely expensive. 
For, if the production of these new 
altered substances involves the ab- 
sorption of neutrons in the reactor, 
we have then lost the neutrons as 
far as the possibility of producing 
new fissionable material and power 
from these neutrons is concerned. If 
a new material of this sort is built 
up molecule by molecule by the ab- 
sorption of neutrons, a simple 
calculation shows that the cost of 
this new material per pound is really 
tremendous in terms of the potential 
electric power which was sacrificed 
in using the neutrons to make this 
new material. Such use of the neu- 
trons is obviously justifiable in the 
case of new fissionable materials 
like plutonium and uranium-233, 
hut it seems likely at present that 
the industrial use of such artificial!} 
produced or modified substances 
will be limited sharply by their very 
high cost. 

" General Electric Review 97 
August, 1948 
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Y OU ’phone from coast to coast and 
converse as easily as though you 
were in the same room. The reason, a tiny 
electronic repeater tube that prevents 
voice fading. It works only because a 
high vacuum pump has exhausted air 
from the glass tube to a degree that 
closely approaches perfect vacuum. 

_ Important vitamins for food fortifica- 
tion, pharmaceuticals and doctors’ pre- 
scriptions are available at m ode rate cost 
because of high vacuum. Distilled under 
high vacuum the extract is purer — can be 
concentrated to high potencies. 


Contrasting sharply to applications in 
the fields of electronics and bio-chemis- 
try is the use of high vacuum in deposit- 
ing metallic vapors on glass, wood, cloth, 
aper and plastics. Inexpensive but 
eautiful novelty jewelry, ornaments, 
barrettes, etc., are coated inside huge 
chambers from which air has been ex- 
hausted ... a plating process that gives 
better results, cuts costs and permits 
bargain prices to a mass market. 

These examples serve to emphasize the 
scores of different ways DPI high vacuum 
equipment is enabling new products and 


better products to be made at lower 
costs. 

Perhaps high vacuum canwork foe you. 
DPI can aid in research, in setting up pilot 
operations, and can advise on engineer- 
ing and building complete installations 
for profitable commercial applications of 
high vacuum. We invite inquiry* 
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TITANIUM DISCOVERED 
Back in 1791 an English clergyman, Wil- 
liam Gregor, who liked to stroll and think 
on the beaches of Cornwall, became curi- 
ous about the black sand he saw there. 
This gentleman of the cloth was also an 
amateur chemist and in this sand he dis- 
covered a new element Almost coinci- 
dentally an Austrian named Heinrich 
Klaproth (also discoverer of uranium and 
zirconium) extracted the same thing from 
rutile and named it ‘Titanic Earth” for 
the mythical Titans. Hence our name 
Titanium. 

Thereafter titanium was found m vari- 
ous places including the Ilmen Mountains 
of Russia (ilmenite) but although it is the 
ninth element m order of earthly abun- 
dance, it remained a mere laboratory 
curiosity until 1908. 

TITANIUM OXIDE 
At that time Or. A. J. Rossi, expert in the 
reduction of metals, mixed titanium oxide 
with salad oil to make a white paint. In 
another 10 years a pure oxide was being 
produced which quickly won success as a 
pigment. Paint, false teeth, face powder, 
tires^ shoes, glassware, textiles, inks, 
plastics, paper consumed an increasing 
tonnage of titanium oxide but still the 
pure metal was beyond industry’s reach. 


TITANIUM METAL & 
NATIONAL RESEARCH 
Titanium is an affectionate metal, over 
fond of oxygen and nitrogen when at high 
temperatures Even a fraction of a per 
cent of either makes titanium of little 
value as a structural material.’ Until re- 
cently there was no means of preparing 
titanium metal in a form sufficiently free 
of these elements to indicate any po- 
tential commercial value. Dr. W. J. Kroll 
of the Bureau of Mines has initiated 
many of the recent developments in ti- 
tanium metallurgy by finding a means of 
preparing powdered titanium metal. 

Only by exclusion of these gases can it 
be kept from embrittling combinations 
and when Remington Arms Company, a 
Du Pont subsidiary, laid its plans to 
produce metallic titanium in cast and 
rolled shapes, they knew that at Na- 
tional Research Corporation they could 
find the knowledge of vacuum technique 
that they needed. 

The melting and casting of titanium 
was a natural for National Research We 
planned the process, designed the equip- 
ment and installed it. Today this Na- 
tional Research Corporation pilot equip- 
ment is handling the highest quality of 
commercial metal — not much compared 
with aluminum — nothing at all com- 


pared with steel -but so promising that 
millions will be spent by the industry 
within a few years to increase the 
quantity and lower the price. 

USES OF TITANIUM METAL 
Titanium stands fourth in abundance 
among the structural metals and there 
is plenty in the USA. Tremendous 
strength, light weight, and remarkable 
corrosion resistance (comparable only to 
that of the noble metals) is a unique com- 
bination. Coming at a time when long- 
sighted people are viewing our metallic 
resources with alarm, it has an assured 
future With the price pulled down to a 
few dollars a pound or less, titanium will 
be of primary importance to manu- 
facturers of aircraft, automobiles, electric 
devices, gas turbines, superchargers, ma- 
rine hardware, rockets, optics, jewelry. 

WHAT NEXT? 

So, with the help of National Research’s 
high vacuum know-how, another ma- 
terial has been taken from the test tube 
to the factory Where else can good men 
and ideas help — where can they help 
you? At National Research the best in 
brains, organization, equipment, and an 
unequalled accumulation of unique ex- 
perience are available. 
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SOCIAL MEDICINE 

The causes of disease are not entirely physical 
and biological. This relatively new discipline 
is presently exploring the sociological factors 

by Brock Chisholm 

I N OUR ever-changing social order must be tackled not only from the strictly not merely the absence of disease or in- 
mechcme has assumed a new mean- medical but also fiom the sociological firmity. 

mg and a new place dm mg the point of view. Although medicine is "The enjoyment of the highest attam- 

e ventful past few decades. New con- moie than 5,000 years old, and modem able standard of health is one of the 
eepts and new tasks, emerging as the re- science about 150, it is only during the fundamental rights of e\eiy human be- 
sult of a 5,000-year evolution, have com- past 50 years that this idea has gamed mg without distinction of race, religion, 
billed to create what is known today as ground. Today there are few people who political belief, economic oi social con- 
social medicine would deny that health is a fundamental dition. 

Social medicine, which is not to be human light foi everyone. The comniu- "The health of all peoples is funda- 
confused with the system called social- mty, therefore, should be obliged to af- mental to the attainment of peace and 
ized medicine, is a philosophy and a ford to all its members health protection security’ and is dependent upon the full- 
science With the gieatly increased as complete as possible. est cooperation of individuals and States, 

awareness of the relative impoitance of These facts have received formal rec- "Unequal development in different 
preventive as compared with curative ogmtion hom no fewer than 64 nations countries m the promotion of health and 
medicine, it is now generally recognized That is the number of countries which control of disease, especially communica* 
that causes of disease are not to be^found signed the constitution of the World ble disease, is a common danger/ 
simply m physical and biological factors. Health Oiganization three years ago at “Healthy development of the child is t 

Economic and social conditions mcreas- New York "and in doing so promulgated of basic importance; the ability to live 

mgl\ are seen to play an important part the following principles: harmoniously m a changing total envi- 

m^ health problems. This being so, it “Health is a state of complete phvsi- ronment is essential. . . , 
would appear that the problem of health cal, mental and social well-being, and “Governments have a responsibility 



FIRST WORLD HEALTH ASSEMBLY met at Geneva ganization. as a- permanent agency of the UN. WHO’s 
in June of last year to constitute the World Health Or- charter enunciates the principles of social medicine. 
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PLAGUE, which once ravaged Europe, has largely dis- is still a problem., however, in all backward areas. Verti- 
appeared with Continent's rise in standard of living. It cal lines represent human plague; horizontal lines, syl- 
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YELLOW FEVER, like plague, is most prevalent in 
areas that have a low standard of living. Darkest shading 


shows areas where yellow fever is a current problem. 
Lighter shading* indicates endemic areas. Lightest shad- 






vatic plague. The latter is borne by 
wild animals which infect humans. 



ing shows areas where vectors of dis- 
ease are common but disease is not. 


for the health of their peoples which can 
be fulfilled onlv bv the provision of ade- 
quate health and social measures ” 
Medicine always has borrowed knowl- 
edge and methods from its sister sci- 
ences. first from physics, chemistry and 
mathematics; later from biology, para- 
sitology, bacteriology. With the advent 
of psychology and the social sciences, a 
larger field of investigation and applica- 
tion came into being. Social medicine 
today has as its concern what we might 
call “total man” m relation to his enviion- 
ment Thus social medicine includes not 
only clinical medicine and public health 
medicine but also social hygiene, indus- 
trial hygiene, mental health, medical re- 
habilitation, and so on. Furthermore its 
accent always is more on prevention than 
on cure. Every new development in the 
improvement of living conditions means 
an advance for social medicine. It em- 
braces in its broad goals the improve- 
ment of hospitals and hospital services, 
the raising of standards of nursing and of 
nurses’ working conditions, improve- 
ment of public health services, establish- 
ment of social security systems, promul- 
gation of labor legislation, development 
of the social sciences, and the progress of 
economic organization in general. 

Scientific progress brmgs new efficien- 
cy to medicine, and social progress de- 
mands that these benefits should be 
made available to the whole population. 
The World Health Organization has 
been created in order to help extend 
such pro gi ess to all mankind. 

I F WE look at today’s world we find 
that technology has outrun social or- 
ganization m every field of human en- 
deavor. Science has developed more 
quickly than has society’s adjustment to 
the new conditions that science has cre- 
ated. This phenomenon lies at the root 
of a great many of our present problems. 
Although humanity now 7 has the techni- 
cal “know-how” to produce all the food 
the people of the world could consume, 
more than half the population of the 
globe still suffers from malnutrition, if 
not outright starvation. We possess the 
technical means for making all the goods 
that the world’s people need for decent 
living. Nevertheless, millions still exist 
on stibminimum standards, and poverty 
remains the overwhelming curse of man- 
kind. We have created astounding new 
transportation and communication faci- 
lities that have shrunk the globe to a 
small fraction of its former size. But we 
have still to develop enough mature peo- 
ple in enough places to he able to create 
a social organization that could permit 
the peoples of the world to live and work 
together effectively and peacefully. 

What is true for the world at large is 
also true for medicine. Here, too, tech- 
nology has outstripped social organiza- 
tion. Medicine has infinitely more to give 
to the people of the world than they 


actually get We have the knowledge 
necessary to wipe out utterly a great 
variety of diseases, but these diseases are 
still among us on a very large scale. True, 
we have succeeded in overcoming cer- 
tain diseases in the economically ad- 
vanced countries, but we stall have them 
and continue to breed them m econom- 
ically backward regions where they re- 
main a constant menace to all. 

It has been show n that the advent of 
soap and its widespread use is very 
largely responsible for the fact that Eu- 
rope lias been rid of plague since the 
17th century Many other pestilences 
have disappeared from Western coun- 
tries. The public and even doctors bow 
consider plague, cholera, malaria, the 
vaiious forms of dysentery, hookwmrm 
and leprosy largely as “tropical” or “sub- 
tropical” diseases Yet many of these dis- 
eases occurred widely m Europe and in 
the U S. when poverty, dirt, malnutri- 
tion, ignorance and neglect of sanitaiy 
needs w^ere the common lot of most of 
the population. 

To three quarters of the world these 
great scourges aie still an evei -present 
threat. Nearh all of them are essentially 
“social” diseases. They are linked to al- 
terable social factors rather than to cli- 
mate, as the terms “tropical” or “sub- 
tropical” would imply. Because they still 
affect so many people in the w r orld and 
because the means exist to combat many 
of them effectively, they are high on the 
list of diseases that WHO has chosen to 
combat first 

But what about our modern diseases 
—the disorders winch today are endemic 
m the Western wrorld? Europe and coun- 
tries such as the U. S. now have new 
“social” diseases which, like the plagues 
of the Middle Ages, wall he identified by 
future historians with our era. Among 
the chronic illnesses now widely preva- 
lent in technically advanced countries 
are peptic ulcers, cardiovascular dis- 
eases, cancer, the chronic rheumatic 
diseases, neuroses, and diseases resulting 
from accidental injuries. Now 7 , as in the 
past, diseases and death show 7 a strong 
preference for the economically under- 
privileged, and health statistics prove 
the existence of a veritable Almanack de 
Gotha of diseases. 

Morbidity and mortality rates all point 
to a progressive increase of acute and 
chronic diseases down the social and 
economic scale. In particular, the death 
rate from pulmonary tuberculosis, or the 
general infant mortality rate, is now 
everywhere accepted as a sensitive index 
to the social state of a community. In the 
United Kingdom, where analyses of oc- 
cupational mortality are published at 
10-year intervals by the Registrar- Gen- 
eral’s Office, some very revealing facts 
have come to light. In these surveys the 
population from 20 to 65 years of age is 
divided into five main social classes or 
groups. Group I includes the profes- 
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sion al classes. Group III compnses 
skilled workers. Group V, unskilled 
workers. Groups II and IV covei inter- 
mediate types of employment Obviously 
a disease whose incidence inci eases pio- 
gressivelv hom Group I to Group V is 
social in character The diseases that 
show such a progression include tuber- 
culosis; syphilis, cancer of the upper 
alimentary tiact, of the larynx and of the 
skin, valvular heait disease (mainly due 
to iheumatic fever); myocarditis, arte- 
riosclerosis, bronchitis, asthma, pneumo- 
nia, pleurisy, hernia, industrial diseases. 

On the other hand, there is a gioup 
of diseases that shows progressively de- 
creasing importance down the social 
ladder. Among these are angina pectoris, 
appendicitis, diabetes, cancel of the 
breast and ovary. It would thus be pos- 
sible to classify the "well-to-do diseases,” 
as opposed to the “poor man's diseases.” 
The latter are generally far more deadly. 
Still a third group includes illnesses com- 
mon to all social groups; they might be 
called “egalitarian.” 

T HE INEQUALITY of the social stra- 
ta in regaid to disease and death is 
linked with factors which act either sepa- 
rately or together to produce die differ- 
ences in vulnerability to disease. Among 
the so-called working classes the first of 
these factors is occupational exposure, 
which is reflected m the frequency of 
hernias and other diseases, due largely 
to accidental injury m heavy physical 
woik, and in die incidence of skin can- 
cer, which is favored by exposure to 
dusts, harmful liquids, filth, and so on. 
The second factor of importance has to 
do with the greater dangers that many 
common diseases bring to persons in the 
economically less fortunate groups. 
Whooping cough, for example, strikes as 
many children of well-to-do families as 
of poor ones. But the mortality from 
whooping cough is highei among the 
poor because of lower physical resist- 
ance, ovei crowding, poor sanitary con- 
ditions, inadequate care and nursing, 
and infection at earlier ages. 

Studies in social anthropometry have 
also demonstrated the influence of hous- 
ing conditions, nutrition, economic re- 
sources and similar factors on such things 
as height, weight, growth and strength. 
In general there is no class inequality in 
size and strength among infants at birth, 
except m extreme cases. Within three 
months after a child is born, however, 
unfavorable social factors already have 
begun to show their effects in slowing 
up normal growth. In Norway, where 
children in private schools were com- 
pared with those in public schools, the 
group differences in height and weight 
averaged from six to 10 per cent. 

Parallel to this physical inequality due 
to environmental factors psychologists 
have discovered intellectual differences 
that would appear to be due to sitnilar 
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causes The findings of social psycholo- 
gy— which concerns itself with such in- 
fluences as leligion, education, family, 
professional 01 social milieu, unemploy- 
ment, poverty and illness— concur with 
those of social anthropometry. On an 
average, the further down the social and 
economic scale one goes, the lowei the 
level of intellectual activity. While it 
must be lecogmzed that part of this “ef- 
fect” is undoubtedly cause, theie is a 
great deal of evidence showing that 
lower intellectual activity can be and 
often is a direct result of milieu and liv- 
ing conditions. It would appear quite 
clear that mental growth, like physical 
growth, can be checked 01 stimulated by 
social conditions. 

These and other related facts find 
daily confirmation m psychosomatic 
medicine, which m the treatment and 
prevention of disease concerns itself with 
both psychological and physiological 
factors and with functional as well as 
with organic symptoms 

Surveys in vaiious countries on the 
incidence of mental disorders show sig- 
nificant differences in the nature and 
importance of these illnesses according 
to social stratification. In Chicago, in 
Munich, m England, it has been demon- 
strated that the rate of manic-depiessive 
illness is higher among the economically 
moie successful groups of the commu- 
nity than among the less successful. Oc- 
cupational surveys indicate a relatively 
high number of hysteria eases among 
business men, of psychopathic personali- 
ty difficulties among student- artists, and 
of manic-depressives among the profes- 
sional groups. 

I T IS not yet possible to determine to 
what extent social and economic fac- 
tors may be the cause of these particular 
differences. Heie cause and effect cannot 
easily be untangled. It may veiy well be 
that these forms of mental aberration 01 
tendencies toward them do not represent 
the effect of environment but aie rather 
themselves a very important cause in 
determining what type of activity an in- 
dividual engages m, how successful he 
is at this activity, and therefore what his 
economic status and over- all environ- 
ment may become. For example, the 
manic-depressive m the earlier half of 
his life typically has enormous drive, 
energy and ambition, which very often 
lead to success in business. Or, to take 
another example, the person with psy- 
chopathic tendencies is far more likely 
to become a student-artist than to go into 
the more disciplined channels of en- 
deavor. The professional classes tend to 
be composed of people who are driven 
by emotional imbalance, social con- 
science, ambition, highly active or even 
ox er active intelligence. They may show 
later overt symptoms of imbalance, not 
as a result of their occupations but be- 
cause these very tendencies determined 


the couise ol then lives m the first place. 

Thus undoubtedly theie is a ieal coi- 
1 elation between economic status and 
mental health, or the lack ol it. Further 
studies on a laige scale will be necessaiy 
befoie anyone can identify clearly the 
cause-and-effect relationship. For the 
moment it is enough to know that such 
a relationship does exist. 

In this situation, where social and 
economic factors are lecogmzed as play- 
ing an extremely important role m the 
health of the peoples of the world, social 
medicine m the blondest sense must in- 
creasingly be applied. Many of the tech- 
niques of social medicine weie employed 
for the fiist time on a large scale dui mg 
the recent wai Selective tests, for exam- 
ple, weie used extensively m the re- 
el uitment of industnal manpower and 
aimed foices personnel. Among other 
techniques applied were the rehabilita- 
tion of the wounded, the injured and the 
handicapped; the rational distribution of 
foodstuffs, the strengthening of health 
services with special emphasis on woik- 
ers, expectant mothers and children; the 
extension of preventive and ciuative 
medical services, the development of so- 
cial security systems. As a result, in the 
U. S. such significant indexes as infant 
mortality and tuberculosis mortality de- 
creased notably, while at the same time 
the birth rate was increasing. In Eng- 
land, despite widespread destruction, 
lestrictions, disruption of families, con- 
stant tension and near-total mobilization, 
the general death late after an initial 
upward swing showed an early decrease. 
The same was tiue of infant mortality, 
which soon was lowei than in peacetime. 

Meanwhile, occupied countries, al- 
though spared major epidemics such as 
were rife in Europe after the First Woi Id 
War, showed increased infant mortality 
and tubeiculosis mortality, increased 
veneieal disease rates and large-scale 
malnutrition. This was a striking demon- 
stration that public health measuies had 
succeeded in the fight against the old 
epidemic diseases, whereas the social 
diseases had followed closely the level 
of living conditions. 

All these facts have contributed to in- 
creasing international recognition of the 
concepts of social medicine. The gradual 
realization of the potentialities of the 
scientific and social techniques available 
to national health administrations— 
linked with the growing sense of the 
community’s responsibilities toward the 
underprivileged— have led to the broad 
social and humanitarian viewpoint em- 
bodied in the constitution of the World 
Health Organization. 

Brock Chisholm , the 
noted Canadian psychia- 
trist , is presently Director 
General of the World 
Health Organization . 
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MEDIAN MONTHLY RENT for the inhabitants of the 
various parts of Manhattan Island is indicated in this 
map. Low-rent areas are Central Harlem, East Harlem, 
Lower East Side and Lower West Side. Kip's Bay-York- 
ville area, in spite of relatively low median rent, in- 
cludes one of Manhattan’s liigh-rent districts. Blank 
spot in center of map is uninhabited Central Park. 


DEATHS FROM TUBERCULOSIS, figured on the 
basis of the average rate per 100,000 people per year, are 
roughly correlated with rent. The highest tuberculosis 
death rates, and the lowest median rents, are found in 
Central Harlem, East Harlem, Lower East Side and 
Lower West Side. The high death rate of Central Har- 
lem is complicated by the density of population there. 
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THE AEC’S 
ISOTOPES 

Presenting a complete list of 
the nuclear species available 
for the researches of peace 


I N FEBRUARY this magazine published an article entitled 
“Tracers” which described the application of the nuclear 
species of atoms, or isotopes, to biological lesearch. The 
advance of this method has been in large part due to the 
increasing availability of isotopes, notably as a by-product 
of the development and manufacture of atomic bombs. 

In February the U. S. Atomic Energy Commission an- 
nounced that all of the radioactive isotopes it had formerly 
made available at cost would now be given fiee to qualified 
cancer investigators On the opposite page is a complete table 
of the AEC’s radioactive isotopes, compiled with the help of 
its Isotope Division at Oak Ridge, Tenn. On this page is a 
hst of noil-radioactive, or stable, isotopes which also may be 
obtained from the AEC. 

With each of the radioisotopes is a brief tabulation of its 
significant characteristics The shorthand in which these are 
customarily written may be translated from the legend below. 
Some typical applications are also given Many of the isotopes 
obviously have moie than one application. Among the most 
useful are the isotopes carbon 14, phosphorus 32 and sulfur 
35, so common are these three elements through the entire 
range of chemical reactions 

The application of isotopes is not limited to biological 
research. To name but a few other fruitful uses, isotopes have 
been of service in metallurgical and chemical research and in 
the study of the fundamental properties of matter. Isotopes 
have furthermore been applied m medicine. Some are useful 
in diagnosis, others in treatment. Radioactive phosphorus has 
been helpful in the treatment of the diseases polycythemia 
vera and chronic leukemia. Radioactive cobalt is a good sub- 
stitute for radium in the radiation therapy of tumors. In brief, 
the most useful products that the Atomic Age has yielded thus 
far to man are the isotopes. 


HALF-LIFE 

TYPE OF RADIATION , 

m: MINUTES 

A; ALPHA PARTICLE 

h; HOURS 

B-: NEGATIVE BETA PARTICLE 

d*. DAYS 

B + : POSITIVE BETA PARTICLE 

y; YEARS 

C: GAMMA RAY 


e~: INTERNAL CONVERSION (GAMMA 


RAY EJECTS ELECTRON FROM THE 
ATOM} 

IT: ISOMERIC TRANSITION (NUCLEUS 
CHANGES FROM MORE TO LESS EN- 
ERGETIC STATE WITH EMISSION OF 
A GAMMA OR X-RAY) 

K: K-ELECTRON CAPTURE (NUCLEUS 
CAPTURES AN ELECTRON FROM 
INNERMOST SHELL OF THE ATOM) 
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AUREOMYCIN 


Far more versatile than penicillin or streptomycin, the 
new antibiotic has already been found effective against 
an astonishing variety of bacterial and viral diseases 


T HE PERFORMANCE of any new 
drug must be considered with re- 
serve. The greater its promise, the 
more careful should be the evaluation of 
its results. This warning is a necessary 
preface to the following account of the 
clinical results achieved to date with a 
very spectacular pei former —the anti- 
biotic aureomycin. Introduced to medi- 
cine less than a year ago, xt has now 
been tested in a great variety of infec- 
tions by investigators in more than a 
score of hospitals. Taken all together, 
their reports indicate that even among 
the dramatic antibiotics aureomycin is 
unusual. It appeals to attack a wider 
spectrum of diseases than any other drug 
yet discovered. Unlike the antibiotics 
penicillin and streptomycin, aureomycin 
has so far shown no sign of producing 
resistance among the bacteria it attacks. 
Most remarkable is the fact that it has 
been successful against certain vmis and 
rickettsial diseases that have hitherto 
been invulnei able to any other chemo- 
therapy. 

In its clinical tests aureomycin has 
proved effective against many infections 
that had failed to respond or had become 
resistant to the sulfonamides, penicillin 
and streptomycin. It destroys both 
Gram-positive and Gram-negative bac- 
teria ( so named on the basis of whether 
they hold or fail to hold Gram’s stain 
when prepared for microscopic exam- 
ination) . Aureomycin has shown notable 
activity against such bacterial diseases as 
acute undulant fever, peritonitis, unnary- 
tract infections, gonorrhea and the pneu- 
mococcal pneumonias. It has given ex- 
ceptionally fine results in rickettsial dis- 
eases such as Rocky Mountain spotted 
fever, typhus and Q-fever (named for 
Queensland, Australia, where it was first 
discovered) . The viral diseases that have 
responded to aureomycin are primary 
atypical pneumonia and a particularly 
recalcitrant venereal disease known as 
lymphogranuloma venereum. The latter 
was one of the earliest diseases treated 
with aureomycin, and the results were so 
successful that the investigators con- 
cluded: here for the first time is a cure 
for a virus disease in human beings. 

The action of aureomycin is dramatic^ 
The following is a typical case: A 



by Leo and Dora S. Rane 

year-olcl boy at camp began to feel ill 
eight days aftei Ins arrival. He com- 
plained of a headache and had a tem- 
perature of 102 degrees Fahrenheit. He 
was treated with sulfadiazine without 
effect. His temperature rose to 104 F., 
a rash appeared on his hands and feet 
and spread to his chest. He was taken 
to the hospital, acutely ill, on the fouith 
day, and his illness was diagnosed as 
the tick-borne disease Rocky Mountain 
spotted fever. This diagnosis was sup- 
ported by the fact that his sister was 
suffering from the same disease and the 
boy remembered that lie hacl lemoved 
several ticks from his body two days 
before coming to camp. The diagnosis of 



THE MOLD Streptomyces aureofa - 
dens , which yielded the antibiotic, is 
here shown growing in laboratory. 


the disease was later confirmed by lab- 
oratory tests. 

Patients with Rocky Mountain spotted 
fever generally run a high fever for two 
to three weeks; if untreated, the disease 
is fatal in about 10 per cent of the cases, 
and complications develop in about 25 
per cent. In this case aureomycin thera- 
py was started immediately upon diag- 
nosis of the disease. In 24 hours the boy’s 
temperature began to drop; in 48 hours 
it was normal. On the fourth day of treat- 
ment his rash disappeared. Treatment 
\y&s stopped on the fifth day, and on the 
seventh the patient was discharged from 



the hospital with no lemammg traces of 
the disease. 

The mode of action ot am concern is 
as yet completely unknown. While it is 
being given, the piesenee oi tlie drug 
can be demonstrated m the patient's 
blood and urine; it is found m the urine 
moie than 48 hours after treatment has 
stopped, even though it cannot then be 
shown in the blood. In the doses usually 
given— hom one to four grams a day— it 
is not toxic to human beings. It is some- 
what unstable in a water solution, but in 
the dried powder form it keeps inde- 
finitely at normal tempeiatures. Not the 
least convenient of its properties is that 
lor most diseases it can be taken effec- 
tively m capsule foim instead of by in- 
jection, so that patients need not be hos- 
pitalized for treatment. 

Aureomycin is derived irom a mold 
belonging to the actinomyeete group— 
the same family that produced strepto- 
mycin. The mold was discovered by the 
mycologist B. M. Duggar, a member of 
the research unit organized by Y. Subha- 
Row, the late, brilliant biochemist, m the 
Lederle Laboratories, a division ol the 
American Cyanamid Company, at Pearl 
River, N. Y. The discovery was not an 
accident. It was the result of a long, 
deliberate search for new antibiotics m 
which Dr. Duggar tested thousands of 
strains of actmomycetes, isolated from 
samples of soil collected from many parts 
of tlie world. The most active of these 
many strains was one first known as 
A-377 and eventually named Strepto- 
myces aureofaciens. The crystalline sub- 
stance possessing antibiotic activity that 
was isolated from the culture medium m 
which the mold was grown was called 
aureomycin because of its golden color, 
not, as a London newspaper later said, 
“because it can be given by the mouth.” 

Aureomycin performed brilliantly 
against organisms in glass dishes, but 
seme of its early tests in experimental 
animals were disappointing. Investiga- 
tors of the U. S. Food and Drug Ad- 
ministration, who made some of the first 
experiments, concluded: “No outstaneb 
ing usefulness for this antibiotic has been 
demonstrated by our animal investiga- 
tions against the bacteria studied. The 
greatest promise for the drug lies in the 



COMPARATIVE TEST of molds against Staphylococ- 
cus aureus bacterium in Petri dishes shows the powerful 
activity of aureomycin. Effect of mold ( center of dish) 


is measured by cleared area around it, representing 
killed bacteria. From left to right above are molds of 
penicillin, streptomycin and aureomycin, respectively. 


tests it proved much less active than streptomycin. 
This test underlines the fact that an experimental drug 
does not always behave the same in vivo as in vitro , 


TUBERCULOSIS BACILLUS is subjected to same test 
with the three molds in this series. On glass, aureomycin 
seemed most active against tuberculosis, but in clinical 


greatest activity. The organism is affected by penicillin 
(left) but apparently immune to streptomycin (center). 
These tests were made at the Lederle Laboratories. 


SALMONELLA BACILLUS parasitic organism that 
causes food poisoning and other infections, is attacked 
by the same three molds. Aureomycin again shows the 
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CLINICAL CHARTS of patients show the dramatic re- 
sults of aureomycin treatments. These four patients had 
pneumococcal pneumonia and were treated with vary- 
ing amounts of the antibiotic by mouth. Their lecovery 


is demonstrated by the rapid drop of temperature to 
normal and the quick clearing of the infected areas in 
their lungs. The aureomycin doses here ranged from 
three quarters of a gram to two full grams per day. 
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VIRUS TYPE of pneumonia, known as primary atypical 
pneumonia also responds rapidly to Aureomycin treat- 
ments. In these two cases, the patients had been treated 
first with penicillin, hut after an initial drop m tempera* 
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ture their fever returned. Aureomycin finally eliminated 
the fever. One patient had run a fever for 18 days before 
aureomycin therapy began. The drug has been remark- 
ably successful against infections of long standing* 



treatment of certain vnal and rickettsial 
diseases.” 

But aureomycm again proved a truism 
that has impressed all research workers 
m chemotherapy, human beings do not 
necessanly react m the same way as ex- 
perimental ammals Drugs that work 
well m animals may fizzle out when tried 
m human patients. In contrast, aureo- 
mycin showed somewhat gi eater activity 
m human bemgs than m animals In the 
case of undulant fever, for example, the 
antibiotic apparently was ineffective in 
animals but successful m human bemgs. 
And because its toxicity had proved to 
be negligible, the diug was even chanced 
m some human diseases without pre- 
liminary laboratory tests against the or- 
ganisms involved, and some of these 
shots m the dark produced cures. 

The clinical results of aureomycin 
thus far may be reviewed as follows. 

Rickettsial Diseases 

The rickettsias are infectious oigan- 
lsms intermediate m size between viruses 
and bacteria Rocky Mountain spotted 
fever, an infection which has now spiead 
to all parts of the U. S., is one of the most 
serious diseases produced by these or- 
ganisms. The drug most commonly used 
to treat it has been para-aminobenzoic 
acid. This treatment, a survey has shown, 
reduces the duration and fatality rate of 
the disease, although complications de- 
veloped m a substantial porportion of 
the cases (17 per cent), and the drug 
itself is somewhat toxic. Recently good 
results against Rocky Mountain spotted 
fever are reported to have been obtamed 
by the new antibiotic chloromycetin. 
Aureomycin, however, appears to be a 
specific treatment for this disease. In a 
series of 25 cases, with patients rang- 
ing in age from one to 50, aureomycin 
pioduced the same rapid drop in tem- 
perature, disappeaiance of the rash and 
general clinical improvement that was 
noted in the case described earlier in this 
article. The average duration of treat- 
ment was four and a half days and the 
average hospital stay less than 10 days. 
No complications developed, and there 
were no signs of toxic effects except occa- 
sional short periods of nausea. 

Q-fever, an acutely infectious disease 
now common on the west coast of the 
U. S. and Canada, is caused by a rickett- 
sia that is spread primarily by cows and 
then milk. The mfection lasts from eight 
to 15 days and produces a loss of appe- 
tite and severe physical discomfort. No 
therapeutic agent had been able to check 
this unpleasant fever. In a series of 11 
cases, three of them serious, aureomycin 
produced astonishmgly rapid recovery. 
Typical was the case of a 65-year-old 
man who, two days after onset of the 
disease, was admitted to a hospital with 
chills and fever, pains in the head and 
loins, extreme fatigue, nausea and a tem- 


peiature of 104 F He was given auieo- 
mycin, and m 24 hours showed consid- 
eiable impiovement. In 48 hours his 
temperature was normal, he was soon 
discharged from the hospital after an 
uneventful convalescence. xAmong the 10 
other Q-fever patients in this group, all 
regained their appetites— the surest sign 
of improvement— withm 48 hours after 
aureomycin treatment began, and lost 
their fever m 48 to 72 hours. In another 
gi oup of five cases of long duration, the 
penod of fever ranging from 28 to 77 
days, four of the five patients responded 
promptly to auieomycm; the fifth, a 51- 
year-old man, failed to show appreciable 
improvement even with large doses of 
the diug. 

The other rickettsial diseases against 
which aureomycm has shown dramatic 
activity are murme or endemic ty phus 
and the relapsing form of epidemic 
typhus known as Brill's disease Brill's 
disease, which is seldom fatal but often 
severely incapacitating, produces a rash 
and a high fever that reaches a crisis m 
from 10 to 16 days. A lepresentative case 
was that of a 42-year-old man with Brill’s 
disease who was treated with aureo- 
mycin on the sixth day of his illness. His 
fever subsided in 24 hours, and in 48 
hours his rash had all hut disappeaied. 

Viral Diseases 

In tliis group of infections the effect 
of auieomycm has been altogether un- 
piecedented. Lymphogranuloma vene- 
reum, a serious disease caused by a vn*us- 
like pathogen, results in swellings of the 
lymphatic glands of the groin, and m 
inflammation. Sometimes strictures of 
the rectum are produced In a series of 
35 acute and chronic cases of this dis- 
ease, aureomycin stopped the infection 
and healed the swellings and inflamma- 
tions; it could not, of course, correct the 
rectal strictures, which can only be 
treated by surgery. Many of these cases 
were followed up for two to four months 
after treatment with the drug, and they 
showed no relapse. The patients with- 
out strictures apparently were cured, 
while the others gained weight even 
when their strictures were not removed 
by surgery. 

Aureomycin was also effective against 
the viral disease called granuloma in- 
guinale, which produces ulcerative le- 
sions of the groin. One patient who had 
extensive lesions from this disease had 
failed to respond to a variety of treat- 
ments, including antimonial compounds. 
X-rays and a long course of streptomy- 
cin, of which he received 100 grams over 
a period of 40 days. Treatment with 
aureomycin healed his lesions in nine 
days. Seven other patients with this 
disease, four of whom had also been 
treated with streptomycin without re- 
sult, showed definite improvement after 
receiving aureomycin. If the promise 



CULTURE A-377, the strain that 
produced the antibiotic, was the cul- 
mination of tests of thousands of soil 
samples from many parts of world. 
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held forth by these results is further sub- 
stantiated, granuloma inguinale, a minor 
scourge m the Southern states, may cease 
to be a public health problem. 

In primary atypical pneumonia, whose 
causative agent is suspected to be a 
virus, aureomycin at once showed very 
promising results, One of the earliest 
cases was that of a 41-year-old woman 
with a racking cough, a se\ere headache 
and a temperature of 103 F. who had 
been treated with a sulfonamide and 
with penicillin, of which she received 
400,000 units daily for three and a half 
days, without effect. On the eighth day 
of her illness aureomycm therapy was 
started. Her temperature dropped to 
normal in 24 horns and stayed normal. 

The effectiveness of the drug m pri- 
mary atypical pneumonia was confirmed 
in several senes of cases. In one series of 
13 patients, all but one of whom were 
sick enough to he hospitalized, nine lost 
their fever in 24 hours, three m 48 hours 
and one in 72 hours after aureomycin 
therapy began. They had been sick for 
periods ranging from two to 21 days. 
Nine of the patients had previously been 
treated with sulfadiazine, penicillin, or a 
combination of both, without showing 
any clinical improvement. Another series 
of 10 cases yielded similar findings; one 
patient appeared moribund when treat- 
ment started, but she, too, recovered. 

Bacterial Diseases 

Among the bacterial infections, un- 
dulant fever, or brucellosis, has been 
particularly stubborn. Three varieties of 
the Brucella organism are known to pro- 
duce the disease m human beings. Re- 
cently two of these, the milder ones, 
have been attacked successfully in clini- 
cal tests bv combined treatment with 
streptomycin and sulfadiazine. The more 
malignant third form, Brucella meliten- 
sis, resisted every form of therapy at- 
tempted. In the laboratory, streptomycin 
seemed promising; in fact, in the glass 
dish and in infected chick embryos strep- 
tomycin appeared to he considerably 
more active against Brucella melitensis 
than was aureomycin. But streptomy- 
cin failed when it was tried m human 
beings, 

Aureomycin succeeded. One of the 
most remarkable of the many cases in 
which it has been used was that of a 
young housewife who developed the 
malignant type of brucellosis six days 
after giving birth to a baby. She lost 
weight and strength steadily for six 
months thereafter, and her temperature 
rose as high as 105 F. Five days after 
aureomycin therapy was instituted, her 
fever and symptoms subsided complete- 
ly. The recurrences which are so charac- 
teristic of tills disease seem to be all hut 
eliminated by aureomycin. In a series of 
24 cases which were followed up after 
recovery, 82 cultures of foe patient’s 
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hloocl were taken over a period of three 
months, and m only three cases did the 
cultures suggest bacteriological symp- 
toms of i elapse. 

The list of other bacteria attacked by 
auieomycm is long. It has been used 
successfully against the hemolytic 
(red blood cell-dissolving) Staphylococ- 
cus aureus In one case, an infant m 
whom the infection had spread, despite 
tieatment with penicillin, over a consid- 
erable area of a lung, auieomycm cleared 
all but one small area. In another, the 
drug healed a brain abscess involving 
the same oigamsm. 

In urinary -tract infections, which 
often aie caused by a combination of 
two or more bacteria, aureomycm has 
produced high percentages of cures— 
seven out of eight m one series, all 10 
cases m another, 11 out of 15 m a thud. 
Many of these patients had pieviously 
been treated unsuccessfully with sulfon- 
amides, penicillin and streptomycin. 
Against urinary-tract infections of long 
duration and with marked anatomical 
changes, aureomycin was less effective, 
in a group of 16 cases of this character it 
produced temporary relief m two thuds 
of the cases but no permanent ernes. 
Most of these patients, incidentally, were 
not hospitalized during treatment with 
aureomycin. 

Because of the effectiveness of penicil- 
lin against the pneumococcal pneumo- 
nias, aureomycm has been tested m lela- 
tively few cases of this infection, but it 
has performed well in the tests made. In 
one instance a patient with pneumococ- 
cal meningitis which had become re- 
sistant to sulfadiazine, penicillin and 
streptomycin recoveiecl rapidly upon re- 
ceiving aureomycin. 

The antibiotic has been especially en- 
couraging against various eye infections, 
both bacterial and viral. It has success- 
fully treated diseases of the eyes due to 
pneumococci, staphylococci, the influen- 
za bacillus, the diplobacillus of Morax- 
Axenfeld, FriedlandeFs bacillus, the 
bacillus known as E. coh, and viral in- 
fections such as heipes, follicular con- 
junctivitis and inclusion conjunctivitis. 
It may also be effective against tracho- 
ma, for the virus of that disease is similar 
to that of inclusion conjunctivitis. And, 
while too few cases have yet been re- 
ported to justify a definite conclusion, 
aureomycm appears to offer promise 
against the epidemic eye infection called 
shipyard disease. 

In foe venereal diseases gonorrhea and 
syphilis, aureomycin may turn out to be 
second to penicillin, most useful in 
cases resistant to penicillin or in patients 
sensitive to that drug. In a group of 148 
cases of active and acute gonorrhea, au- 
reomycin proved as satisfactory as peni- 
cillin when both were taken orally; hut 
less effective than the earlier antibiotic 
administered by injection. The results of 
aureomycm against syphilis are still un- 


certain, but it has shown definite ability 
to kill the spirochetes causing this dis- 
ease 

Auieomycm is by no means to he con- 
sidered a cui e-all. It has shown no ac- 
tivity against such virus diseases as 
poliomyelitis or influenza and it has of- 
ieied little hope thus far against tuber- 
culosis, typhoid fever and certain other 
major diseases. But its low toxicity, care- 
fully determined by every conceivable 
type of test, invites clinical experiments. 
In the laboratory, animals show high 
tolerance to the antibiotic: even the ex- 
tremely large dose of 2,500 milligrams 
per kilogram of body weight, when given 
orally to mice, kills only five per cent of 
the mice. In clinics, prolonged treatment 
of patients langing m age from three to 
65 has produced no ill effects. Unusually 
laige closes of auieomycm may some- 
times result m looseness of the bowels 
(but not time dianhea), and some pa- 
tients on smaller doses occasionally have 
felt nausea or vomited, but these effects 
could not always be ascribed to the anti- 
biotic. 

Thus physicians have felt safe in ex- 
panding the use of the antibiotic even 
to infections wheie theie has been no 
previous suggestion that it may be effec- 
tive An instance is reported of a physi- 
cian who was treating a case of subacute 
bacterial endocarditis with penicillin, the 
chug of choice for this dangerous heart 
disease, until he was compelled to dis- 
continue the drug because the patient 
became sensitive to it. Shifting to aureo- 
mycm, the physician continued this 
treatment for 11 weeks, and the patient 
now appears to be well. 

One of the most striking cases of all 
was that of a 65-year-olcl man who was 
admitted to a hospital with a stiangu- 
lated hernia and a seveie, geneialized 
peritonitis (infection of the abdominal 
membrane) which upon opeiation was 
found to be clue to a ruptuiecl appendix. 
For five clays the patient was given peni- 
cillin and streptomycin, but he chd not 
do well. His wound failed to heal, and 
he ran a high temperature. On the sixth 
day he eviscerated and was letumed to 
the operating room, where his entne 
peritoneal cavity was found heavily in- 
fected. The patient was treated with 
aureomycin as a desperate resort. In 
48 hours his temperature dropped from 
105 F. to normal. He was discharged 
from the hospital 13 days later. 

Case reports such as these have had a 
considerable impact on the medical pro- 
fession. And clinicians no longer ask 
what aureomycin can do; their question 
now is. How much moie will it do? 


Leo Rane, formerly a bacteriologist 
at the Harvard Medical School , is a 
research consultant for Lederle Lab- 
oratories f. Dora S. Rane , his wife , 
is a writer on scientific subjects . 
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MOLD IS GROWN first in small tanks and then trans- manufacturing plant of Lederle Laboratories at Pearl 
f erred to large ones. Aureomycin is produced in the River. The drug is now generally available to physicians. 
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DYNAMIC SOLUTIONS IN 

4 MILLISECONDS 


Any dynamic system — simple or com- 
plex — linear or nonlinear — real or 
contemplated — can be simulated with the 
new GAP/R Analog Computor Compo- 
nents. Made in several types — each per- 
forming a specific mathematical or dynam- 
ical operation — GAP/R Components may 
be assembled much as one would set up 
a block diagram containing functional 
relationships between variables . . * 

overall system equations need not even 
be formulated. 

Transient solutions are computed 240 
times each second and are displayed con- 
tinuously as oscillograph traces (which may 
be recorded). System parameters may be 
continuously varied with effects instantane- 
ously visible. Thus, in the case of the 
design of automatic controls, for example, 
optimum values of controller constants 
may be quickly determined and the per- 
formance of the control evaluated. 

Computing systems built from GAP/R 
Analog Computer Components may be ex- 
panded indefinitely by adding Components 
« . . regrouping for new and different 
problems is simple . . , units are easily 
checked, replaced and serviced. Regulated 
power and varied initial conditions are 
supplied to system by a GAP/R Central 
Unit. 

Write today for bulletins on GAP/R 
Model K3 Analog Computer Components. 



Analog 


Computor Components 


(1. A. Philbrkk Researches, Inc. 

! 230- Congress Street 

! Boston 10, Mass. 
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The Blackett Booh 

A HEAVY cannonade of ciiticism lias 
greeted P. M. S. Blackett’s Fear, 
War, and the Bomb, which was pub- 
lished m the U. S last month (and de- 
bated m the March issue of this maga- 
zine ) . 

In an article titled “Playing Down the 
Bomb,” m the April issue of The Atlantic, 
I. I. Rabi, chairman of the Columbia 
University physics department, attacks 
the book as an “extraordinary piece of 
special pleading ” Rabi declines that 
Blackett, m comparing atomic explo- 
sives with the bombs diopped on Gei- 
many, neglected the saturation effect 
made possible by atomic bombs. Rabi 
disputes Blackett’s estimate of the m> 
poitance of atomic eneigy and its possi- 
ble role m enabling the U.S.S.R. to catch 
up industrially with the U. S. He says. 
"Professor Blackett did not woik on the 
atomic bomb pioject during the wai , and 
his professional interest in lecent years 
has not been primarily m nucleai phys- 
ics. There are many points m the book 
which show that his thinking in this field 
is that of an outsider. . . . Atomic power 
is not around the corner.” Rabi also criti- 
cizes Blackett’s suggestion that a general 
disarmament cannot be negotiated until 
Russia has its own bombs. “This,” he 
says, “is exactly the kind of dreaded 
armed truce American scientists have 
sought to avoid.” 

The Bulletin of the Atomic Scientists 
devotes a third of its latest issue to re- 
views by Edward A. Shils of the Univer- 
sity of Chicago sociology department. 
Chairman Brien McMahon of the Joint 
Congressional Committee on Atomic En- 
ergy; Philip Morrison of the Cornell 
University physics department; and M. 
Marinin, a Russian writer whose favor- 
able review of Blackett’s book originally 
appeared in Pravda. 

Shils, who has been active in support 
of the Baruch plan, denounces Blackett’s 
volume as an apology for Soviet policy 
* which states a defense for the Soviet 
Union position . . . much better than any 
Soviet delegate has ever stated.” Shils 
concedes that the book contains “some 
very impressive pieces of analysis. ... It 
is therefore necessary that this gift to 



Soviet piopaganda lie studied and un- 
derstood. ... It cannot lie refuted 01 
dismissed by self-nghteous cliches.” 

Senator McMahon lemarks that he is 
not reassuied but lrightened by Black- 
ett’s data “debunking” the bomb “Tak- 
ing 400 bombs as the least quantity 
needed to duplicate the nun visited upon 
Geimany,” he observes, “how can we 
conclude that atomic eneigy is an exag- 
gerated menace? Must we not conclude, 
lathei, that 400 bombs is a temfymgly 
small numbei ?” 

Morrison, who is m general agree- 
ment with the Biitish physicist’s thesis 
and conclusions, adds two footnotes 
One is a calculation of the number ol 
atomic bombs that would be lequned to 
equal the damage done by the German 
army in Russia. He arrives at an estimate 
of 800 to 1,200 Allowing for intercep- 
tions, delivery of these would requnc 
“the launching ol many more than a 
thousand under present conditions.” 
Concludes Momson. “A major war will 
not be a three-week aerial expedition.” 
His othei footnote concerns Blackett’s 
charge that the di opping of the bomb 
on Hiroshima was timed to occur before 
the scheduled enhance of the U.S.S.R. 
into the wai against Japan. Morrison, a 
staff physicist at the Los Alamos bomb 
laboratoiy during the war, recalls that 
August 10 had been set as an absolute 
deadline for completion oi the bomb, to 
be met regardless of cost. 

The Mexican physicist Manuel Sando- 
val Vallarta, iormer member of the 
United Nations Atomic Energy Com- 
mission, terms the volume “an absoibmg 
book.” He disagrees, however, with 
Blackett’s assessment of the bomb and 
his political analysis. Writing m Physics 
Today, Vallaita dechues his conviction 
that the atomic bomb is qualitatively a 
new weapon and that acceptance of the 
U. S. proposals for control of atomic 
energy would have speeded up its de- 
velopment for peaceful pui poses. 

FAS Proposals 

A PROPOSAL that the United Na- 
tions take over world-wide distri- 
bution of isotopes as a stait toward 
bieaking the atomic-control deadlock 
has been made to the UN bv the Feder- 
ation of American Scientists. 

Four countries— the U. S., Canada, 
Great Britain and France— already are 
turning out pile-produced isotopes. 
Sweden, Norway, India and perhaps the 
U.S.S.R. also are expected to be produc- 
ing them soon. The FAS predicts that 
isotopes will therefore become a substan- 
tial item of international trade. It sug- 
gests that the UN should set up an a gen- 
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cy to assist m publication of research 
with isotopes and to help smallei eoun- 
tues and laboratoiies obtain supplies. 

Russian Bombs? 


W ERNER HEISENBERG, the lead- 
ing German physicist and head of 
the abortive Geiman wartime atomic- 
energy pioject, told the pi ess last month 
that he is ‘'almost certain” that Russia 
has started production of atomic bombs 
at two Siberian centers. He named the 
centers as Atomgrad, a new city, and 
Uchta Both aie near Lake Baikal, an 
area known to contain uranium oies 
Heisenbeig is now living at Gottingen 
in the British zone of Germany. He chd 
not disclose the souice of his informa- 
tion. He also said that the U S.S.R has 
made “dangerous discoveries” in death 
1 ays 


Uranium Strikes 

T WO new potentially impoitant finds 
of mamum have been made, in 
France and m Canada. 

The French stiike, according to Fred- 
eric Joliot-Cune, dnectoi of the Fiench 
Atomic Energy Commission, will make 
France self-sufficient in uranium. Fiance 
has had to depend on imports 01 very 
low-giade domestic oies. Its new find is 
a vein of pitchblende beanng 20 per 
cent uranium near St. Sylvestre, a village 
m central France. It was discoveied by 
geology students on a field trip. Com- 
mercial-scale mining operations have 
begun. 

The Canadian discovery, on the Lake 
Supenoi shore 70 miles from Sault Ste. 
Mane, was made late last fall, shortly 
before winter ended prospecting activi- 
ties. Although it is not yet certain that 
the deposit is of exploitable dimensions, 
hundreds of prospectors aie waiting to 
rush the site as soon as the ice breaks 
up. Samples of its pitchblende have as- 
sayed as high as 59 per cent uranium. 

Fission Threshold 

I NFORMATION about a critical prop- 
erty of thorium and uranium— the 
minimum neutron energies required to 
make them undergo fission— has just 
been declassified and published with the 
authorization of the Atomic Energy 
Commission, Thorium, it is disclosed, 
must be struck by neutrons with energy 
of at least 1.1 million electron volts 
(mev) to undergo nuclear fission. The 
fission of U-238, the common isotope of 
uranium, requires neutrons of 1 mev. 

These data were determined eight 
years ago, The measurements, made by 
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T RY the new No. 78 Spencer Scholar's Microscope just once. 

You'll be amazed that a precision scientific instrument can 
be so simple to operate. Excellent images are obtained with the 
high quality Spencer optics supplied on this microscope. Crisp, 
clear images necessitate proper illumination. This is supplied by 
an efficient built-in light source eliminating substage adjustments 
and providing constant, uniform illumination. A single adjust- 
ment for both rapid and critical focusing saves time and effort. 
Low overall height and reversed position of microscope arm 
permit better posture, clearer view of stage, and easier, more 
convenient operation. Locked-on optics and stage clips reduce 
breakage and loss of parts. 

The No 78 is the ideal instrument for many routine laboratory 
and teaching applications. Standard model with 10X eyepiece 
and tw'O objectives, 10X and 43X, costs only $99.50. For literature 
or the name of your nearest AO^distribulor, w r rite American Optical 
Company, Scientific Instrument Division, Buffalo 15, New York* 
Dept. RI78. 
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An Invitation To 

IHVMTIIBS 

Here is the rare opportunity that inventors 
have been waiting for— to show their in- 
ventions at their own exposition and get 
attention and interest from the public and 
industry. The primary purpose of this Expo- 
sition is to aid inventors in the promotion of 
their ideas to both the public and industrial 
leaders. 



First International 
Inventors Exposition 

Sponsored by the American Inventors Association 

The International Inventors Exposition is 
open to any inventor who has any invention 
— regardless of kind or application — which 
has merit in the opinion of the Exposition 
Committee. 

In order to make it possible for private in- 
ventors to exhibit at the Exposition on an 
equal footing -with commercial entrants, the 
A 1 A (American Inventors Association) has 
made special arrangements for them to join 
the Association and present their exhibits at 
a greatly reduced fee. 



GRAND CENTRAL PALACE 
NEW YORK CITY 
June 4- 1 1,1949 

This is the first time that inventors from all 
over the world have had the opportunity to 
not only show their ideas and products but 
also gain recognition for themselves. 

Please send photograph of your invention 
with complete description thereof, and also 
photograph of yourself, to the Exhibition 
Committee, International Inventors Exposi- 
tion, 525 Lexington Avenue, New York 17, 
New York. If your invention meets all the 
requirements of the Committee, application 
for inclusion in the Exposition and complete 
details will be sent to you promptly. 



Time is limited. Write today. 
Remember the Exhibition dates. 
Jime 4th to Tlth. 


} E. Hill, W E. Shoupp and F W. 
Stallman at the Weslmghouse Reseaich 
Labomtones, played a part m shaping 
the direction of development of mate- 
rials for the atomic bomb Physical theo- 
ry and approximate eailier measure- 
ments had indicated that the thonum 
and U-238 thresholds were m the fast 
neutron range. The Westmghouse study 
confirmed this assumption and helped to 
clinch the decision to concentrate on 
U-235 and plutonium as the matenals 
for production of a chain reaction. U-235 
and plutonium are fissionable by slow 
neutions with eneigies of a few thou- 
sand electron volts. 

Publication of the thonum and U-238 
thiesholds suggests that the AEG be- 
lieves there is no possibility of using na- 
tural thonum or U-238 directly m a 
chain reaction. Presumably nuclear piles 
using these materials would be imprac- 
tical eithei because the energy thresh- 
olds are entnely too high, oi because 
the thorium and U-238 cioss sections 
( frequency of effective hits by bombard- 
ing neutrons) are too low, or for both 
reasons. 

AEC Board 

T HE Atomic Energy Commission has 
established a permanent Personnel 
Security Review Board such as was lec- 
ommended by last year's temporary re- 
view board under former Supreme Comt 
Justice Owen J. Roberts. The Board will 
review AEC clearance procedures and 
serve as a final comt of appeal in AEC 
clearance cases. The three members of 
the board aie Charles Fahv, former U. S. 
Solicitor General, chairman. Arthur S. 
Flemming, piesident of Ohio Wesleyan 
University and former Civil Service 
Commissioner; and Biuce D. Smith of 
The United Corporation. 

Biological Warfare 

A FTER an absence of two years, bio- 
- logical warfare is back on news- 
paper front pages. Peace or Pestilence , a 
book by Theodor Rosebury, Columbia 
Univeisity bacteriologist and co-author 
of the widely publicized biological war- 
fare repoit in the Journal of Immunolo- 
gy , is scheduled for publication by Whit- 
tlesey House this month. Meanwhile, 
retiring Defense Secretary James Foires- 
tal and Major General Alden H, Waitt, 
chief of the Chemical Corps, which has 
had charge of Army biological warfare 
research, have made public statements 
on the subject. Both described as “fan- 
tastic” such reports as the reputed ability 
of an ounce of botulinus toxin to kill 
every man, woman and child in North 
America. They deny that any “biological 
super- weapons” exist. They declare, 
however, that bacterial warfare is an en- 
tirely practicable possibility. 

I The U. S. has no stockpiles of germ 
weapons, General Waitt *says, $nd “it 


does not follow that if the enemy uses 
gas oi biological warfare that the U S. 
will use them.” But the U. S has a bio- 
logical warfare reseaich piogiam “with 
the best scientists m the world woikmg 
on the problem,” and it is “bettei pie- 
paied” than any potential enemy. 

Secietary Foirestal indicates that 
methods of dispei sing germ agents aie 
the puncipal technical pioblem in bio- 
logical warfaie. He discloses that Fed- 
eral civilian agencies, as well as the 
aimed sei vices, have been bi ought into 
the planning of defenses against tood- 
and water-borne disease agents. 

Energy Resources 

T HE widely held belief that the U S 
has sufficient coal for some 2,000 
years is disputed m a new review oi 
world energy resouices. The review, pie- 
pared by Eugene Ayies of the Gulf Re- 
seaich and Development Company, 
holds that we have only 92 to 292 years' 
supply. He ai rives at this estimate on 
the basis of expected increases m the fu- 
ture demand ior coal and of impending 
large-scale production of synthetic liquid 
fuels from coal. Conversion of* coal to 
gasoline entails the loss of a huge fi ac- 
tion ol its energy. 

If the world demand lor energy con- 
tinues to rise as it has since the beginning 
of the Industrial Revolution. Ayres pre- 
dicts, use will eventually far outstrip pos- 
sible new discoveries of underground 
fuels, including uranium. New sources 
of eneigy will then have to be found oi 
consump tion curtailed . 

The way out of the dilemma, in Ay i es’ 
opinion, lies in the greater use of re- 
plemshable sources of energy. He sug- 
gests that the energy now consumed 
could be doubled within a century by 
exploiting these sources, of which the 
most important is solar energy. Others 
are water power and vegetation, which 
could be converted to gas, gasoline oi 
alcohol, or burned as is. The use of solar 
energy for heating homes and buildings, 
currently under trial at the Massachu- 
setts Institute of Technology, will, he 
thinks, be economically significant with- 
in a decade. 

Malaria 

A MAJOR offensive against malaiia 
is to be launched this summer by 
the World Health Oi ganization, Inter- 
national Children's Emergency Fund, 
and the Food and Agriculture Organiza- 
tion. 

WHO teams have been in Greece for 
a year, battling malaria with DDT and 
synthetic antimalanals. Demonstration 
units have just arrived in Indo-Chma and 
Siam. Similar teams will be sent m a few 
months to Burma, Ceylon, India, Indo- 
nesia, Malaya, Pakistan and Yugoslavia. 
In addition, other agencies are active 
elsewhere; the Italian Government in 



Italy, the International Health Division 
of the Rockefeller Foundation in S aid in- 
1 a, the British Government m Cyprus, 
the U. S Public Health Service m the 
Philippines, and a variety of local and 
outside health agencies m Africa and 
Latin America 

DDT has now made it possible to 
control the disease. In southern Gieece, 
three years of DDT treatment by 
UNRRA and WPIO to eradicate malana- 
beaimg mosquitoes have reduced the 
malana incidence from one million to 
50,000 a yeai at an annual cost of 30 
cents pei person 

German Science 

G ERMAN science is being reconsti- 
tuted along 'extremely undemo- 
cratic” lines substantially similar to those 
befoie the war, three British scientists 
chaige. They are Sir Robeit Watson- 
Watt, radar pioneer and chairman of the 
British Association of Scientific Work- 
eis, G Crowther, secretary of the 
Association, and R. C Murray of the 
Institution of Professional Civil Servants. 
They visited Geimany last spring as 
delegates of their organizations. 

The Max Planck Society foi the Ad- 
vancement of Learning draws then 
heaviest fire The Planck Society was set 
up to take the place of the Kaiser Wil- 
helm Society, which operated the princi- 
pal German research centers (the so- 
called Kaisei Wilhelm Institutes) and 
which was dissolved by Allied authori- 
ties. 

The Planck Institutes seen by the dele- 
gation had received pnoiities lor build- 
ing materials and weie physically well 
oft. Facilities of the six pm e-science in- 
stitutes at Gottingen compared favorably 
with the Cavendish Laboratory at Cam- 
bridge. The three British scientists said 
that the funds for these establishments 
are being supplied almost exclusively by 
huge industrial films which occupied a 
key place in the Nazi war economy. 

“At the factories of I G. Farben In- 
dustrie at Leverkusen and Elberfeld,” 
the report asserted, “the organization of 
leseaich seems to be substantially un- 
changed from what it must have been 
before and during the war. . . . Those 
German scientists in the British zone on 
whom the mam responsibility of reor- 
ganizing science falls are busy doing this 
along lines that are in all respects identi- 
cal m form with those which enabled 
science to be so easily perverted by the 
Nazis.” 


Meetings in May 

A MERICAN Society of Mechanical 
- Engineers. New London, Connect- 
icut. May 2 - 4 . 

Acoustical Society of America. New 
York City May 5-7. 

International Congress on Rheumatic 
Diseases. New York City. May 30-June 3. 




AN IDEAL all-purpose COMPUTER 
for Colleges, Universities and 
Industrial and Government Laboratories 

m The Reeves Electronic Analog Computer is a 
tried and proven instrument having been in produc- 
tion for nearly two years. 

The REAC is meeting the growing need for a 
reasonably priced, high speed electronic differential 
analyzer. A large number are being used throughout 
the country in a wide variety of scientific fields. It 
has made the mathematical approach to research 
and engineering problems economically feasible, 
eliminating old fashioned cut-and-try methods. 

REAG users report great savings in time and 
money in obtaining desired results as compared with 
their existing hand methods of computation. Costs 
on the average have shown a 95% reduction and as 
a result REAC equipment pays for itself in a matter 
of months. 

The REAC is easy to operate and maintain com- 
pared with other basic types of high speed com- 
puters. Its accuracy, speed and versatility is more 
than adequate to handle a great proportion of the 
mathematical analysis work requiring solution by 
electronic computers. 

Write for our booklet Rl CO-2 which 
provides a complete description of /fie 
REAC equipment . 

215 East 91 St, New York 28, N. Y. 
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Some measure, others count. The latter, with tvhich 
this article is principally concerned , are the focus of 
much feverish activity, not all of it purely scientific 

by Harry M. Davis 


A NEW revolution is taking place in 
technology today It both paiallels 
and completes the Industrial Rev- 
olution that started a century ago. The 
first phase of the Industrial Revolution 
meant the mechanization, then the elec- 
trification, of biawn. The new 1 evolution 
means the mechanization and electrifi- 
cation of brains. 

The 19th-century revolution was 
based on the transformation and trans- 
mission of eneigy— call it what you will: 
calories, ergs, hoi sepowei -horns, foot- 
pounds, joules, British thermal units, 
kilowatt-hours. 

The 20th-century revolution is based 
on the transformation and transmission 
of information: a number, a letter of the 
alphabet, a daik or light spot in a pic- 
ture, an “on” or “off” signal, a decision 
between “yes” and “no”; a judgment as 
to “more” or “less”; a logical discrimina- 
tion among “and,” “or,” and “neither.” 
These are the raw materials and the 
products of “information-processing sys- 
tems” that are assuming many of the 
human functions of calculation, commu- 
nication and control. 

How far has this revolution gone? 
Much of it is already taken foi granted 
in our daily fives— in the shape of radio, 
television, telephone dial systems. Other 
phases affect us less obviously— robot 
pilots for airciaft; electronic navigation 
systems; automatic controls in factories; 
the many kinds of radar. All such devices 
have functions that are comparable, in 
one way or another, with the processes 
of human thinking. 

But the machines that above all others 
deserve the title of “brains” are the elec- 

THE ABACUS was perhaps the 
earliest mathematical machine. The 
number indicated by the Chinese 
abacus on the opposite page is 27,091. 


tionic computers which easily solve 
pioblems so intricate and labonous that 
they stagger the most patient mathema- 
tician. They lead, they write, they do 
arithmetic— all at lates ranging from a 
thousand to a million times faster than 
the human eye, mind, and hand. 

Do They Really Think? 

To the question, “Do these machines 
really think?” one can get various seman- 
tic interpretations of the words “really” 
and “think,” including the rejoinder, 
“How much do people really think?” 
Calculator designers and psychologists 
seem to gam more respect for the human 
brain the more they learn about its 
mechanical competitors. In stnctlv elec- 
trical and chemical terms, the human 
brain is the most efficient of computing 
machines, although it is also the slowest. 
It does not need kilowatts of power to 
energize its nerves, nor blowers to venti- 
late it, the electrical brains definitely 
emit more hot air. Warren McCulloch, 
the neuropsychiatrist, has pointed out 
that if a calculator were built fully to 
simulate the nerve connections of the 
human brain, it would require a sky- 
scraper to house it, the power of Niagara 
Falls to urn it, and all the water of 
Niagara to cool it. 

“The more I deal with these ma- 
chines,” said one expert, “the more im- 
pressed I am with how dumb they are.” 
They do nothing creative. They can only 
follow instructions, which must be re- 
duced to the simplest terms. If the in- 
structions are wrong, the machines go 
wrong. 

On the other hand, the machines are 
not subject to distraction. They concen- 
trate all their faculties on the problem at 
hand. They can do a complicated calcu- 
lation in less time than it takes a human 


being, for example, to react to a red 
traffic light by signaling his right foot to 
move from gas pedal to brake. Thus they 
can take over an immense burden of 
mental labor, handling mathematical 
and logical data in quantity just as the 
assembly lines have converted hand 
labor to mass production. 

Claude E. Shannon of the Bell Tele- 
phone Laboratories aptly answered the 
“do they think” question when he said 
that the performance of the newest ma- 
chines “will force us either to admit the 
possibility of mechanized thinking or to 
further restrict our concept of thinking.” 
Shannon made this remark at the March 
meeting of the Institute of Radio Engi- 
neers, where he explained how the com- 
puters could be taught to play an ade- 
quate, though not brilliant, game of 
chess. Against the greater inventiveness 
of the human chess master, the machine, 
with its built-in procedures for choosing 
the next move, would have the advan- 
tage of high-speed operation, freedom 
from errors, and freedom from laziness. 

A New Industry 

Already the building and operating of 
automatic brains is becoming a big busi- 
ness. The electronic brains cost from 
$50,000 to $1,000,000 each, and there 
are eager waiting lists of customers— air- 
plane manufacturers, insurance compa- 
nies, statistical services and, above all, 
the various agencies of the Government. 
The census of 1950, it is hoped, will be 
the first to be analyzed by all-electronic 
computers, extracting a wealth of in- 
formation about the nation’s economic 
life that has never before been refinable 
from the statistical ore despite the use of 
punch-card tabulating machines. 

The electronic machines are versatile. 
Nuclear physicists in Chicago send prol> 





lenrs to Aberdeen, Md , foi piocessmg 
on the famous Emac computer. The In- 
ternational Business Machines Selective 
Sequence Calculator a stieamlmed 
roomful of tubes and relays behind plate 
glass on New Yolk’s 57th Street, is more 
than an adveitismg showplace. While 
shoppers and ait-gallery goeis on the 
f ashionable street glance' m, the machine 
silentlv woiks out "problems such as the 
motions of the moon or the conti ol of 
guided missiles. 

IBM lias already incorporated some 
of the best circuits from this big machine 
into a little one, the size of two filing 
cabinets, neatly packaged m eiaekle- 
fimsh gray metal and mounted on casters 
so that it can be installed near the elec- 
tric socket of any business office. Ten 
times fastei than the previous IBM com- 
mercial calculating punches, the elec- 
tronic Type 604 is now coming off the 
production lines in quantity. 

But these instruments are only the 
pioneers of the new age of electronic 
thinking. At the computei sessions of the 
American Institute of Electrical Engi- 
neers in February and of the Institute of 
Radio Engineers m March, it became 
clear that every calculator now in opera- 
tion will soon be as outdated as an 
earphone-and-crvstal radio compared 
with the frequency modulation-televi- 
sion models of 1949. The older machines, 
however, will not become obsolete, be- 
cause problems exist suitable for every 
type to handle. 

Fantastic new computei s, geared not 
to split-second but to split-microsecond 
speed, are being rushed to completion. 
The Moore School of the University of 
Pennsylvania, birthplace of the Eniac, is 
building a machine called Edvac which 
has a far more capacious memory and 
greater versatility. This it is doing with- 
out the further aid of the Eniac’s princi- 
pal designers and the Edvae’s original 
conceivers, John Mauchly and J. Prosper 
Eckert, Jr., who have gone into business 
with the Eckert-Mauchly Computer Cor- 
poration Occupying two floors m a 
Philadelphia building, Eckert-Mauchly 
is testing a pair of computers known as 
Binac. Eckert-Mauchly also has con- 
tracts for six more elaborate machines 
known as Uni vac, to cost about $200,000 
each, for government, industrial, and 
commercial use. 

At Princeton, X. J.. m a special com- 
puter building belonging to the Institute 
for Advanced Study, John von Neumann 
and other eminent mathematicians have 
been at work more than two years on a 
colossal computing device that is still 
some distance from completion. This is 
the machine that has been described 
by Vladimir Zworykin, research director 
of die Radio Corporation of America 
( which is cooperating in the project) as 
a future “world weather model.” It might 
be set up to simulate every weather- 
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making foice and have these foices work 
upon one another a bit faster than m 
nature, thus tomorrow’s weather could 
be read off today and not, as would be 
the case if every factor were taken into 
account by present methods, a year from 
now. But Dr. von Neumann is just as 
much interested m putting the machine 
to woik on questions of atomic physics 
and economic statistics. 

Meanwhile the Raytheon Manufactur- 
ing Company of Waltham, Mass., pre- 
viously best known for manufacturing 
the magnetron tube of microwave ladar, 
has accepted a big Government contract 
for a computer comparable with the Uni- 
vac. Harvard University, having shipped 
its Mark II computer to the Naval Piov- 
ing Ground at Dahlgren, Va., is up to a 
Maik III. The Massachusetts Institute 
of Technology has its “Project Whirl- 
wind” for the construction of electionic 
brains needed for military purposes. 

British scientists are active m the 
picture, too. They have a proud tradi- 
tion in the field, for the Englishman 
Charles Babbage more than a century 
ago outlined the essential features of 
modern computers with his plans for a 
“difference engine.” Advanced comput- 
ers are now under construction by torn 
British laboratories. 

Not all of this activity is on the sur- 
face, nor is the pictuie one of uniloim 
sweetness. There are military secrets and 
there are commercial secrets. Behind 
the scenes one senses intense rivalry 
and competition, with privately voiced 
charges of unfair publicity claims and 
pirated inventions, and hints of patent 
litigation to come. These are the symp- 
toms of a big new industry in the mak- 
ing, with people fighting for their place 
on the giouncl floor. 

What is at stake in die competition 
can be understood from a simple com- 
parison. Some of the new machines un- 
der development will have the basic 
ability to carry out the multiplication of 
two 10-digit numbers m approximately 
a thousandth of a second The same 
task would take five minutes (about 
300,000 times as long) for a man with 
pencil and paper. The machine is equiv- 
alent to about 25,000 operators of desk 
computing machines. 

Digital v . Analogue 

There are two families of computers— 
the digital and the analogue. Those dis- 
cussed above are of the digital type. 
It is with these that this article is pri- 
marily concerned. But the analogue 
computers came first; the celebrated 
“mechanical brain” at M J.T., for which 
Vannevar Bush gained fame two decades 
ago, was an analogue machine. Radar 
and gun directors leaned heavily upon 
them, and they will continue to be im- 
portant in many "ways. So let us examine 


these machines before clanlymg the dis- 
tinction between analogue and digital 
computei s and dissecting the latter 

The speedometer m your automobile 
is a simple example of the analogue com- 
putei. In proportion to the speed ol the 
drive shaft, a centrifugal foice is set up 
which moves a needle to the appropri- 
ate place on the “miles per hour” dial 
This is an operation oi differential cal- 
culus— a stationary needle position on the 
dial displays the rate of change in the 
position of the car. 

The gears of your car, or of \our 
watch, also do anthmetic they multiply 
and divide, although, of course, the mul- 
tiplier is fixed by a built-in gear latio. 
The differential, between the reai 
wheels, is what its name implies, a 
mechanical subtracting machine, any 
extra speed gamed by one wheel being 
subti acted horn the other. All these 
ideas aie actually used m mechanical 
computing machines of the analogue 
type, among their components are gears 
and cams and differentials. 

Bush’s “differential analyzer” solved 
pioblems in calculus. Different elements 
of the machine were set for various parts 
of the equation, all being geaied togeth- 
er so that the only answers to come out 
would be the ones that were tiue to 
the equation’s requirements. 

There are electrical counterparts of 
the mechanical analogue computer In- 
stead of a mechanical position, we can 
have an electrical charge, instead of a 
velocity, we may have an electrical cur- 
rent, or the magnetic force induced bv 
it. Circuits with resistance, inductance 
and capacitance are set up to behave m 
accordance with stipulated equations 
An electrical transformer can multiply 
in the same manner as a pair of gears. 
Vacuum tube circuits can integiate. Such 
machines are being produced in consid- 
erable numbeis— the Reac made by the 
Reeves Instrument Company is a suc- 
cessful example, automatically tracing 
out the answer to a calculus problem m 
a series of curves. M. I. T. has an electri- 
cal successor to the mechanical analyzer 
which looks like a telephone central sta- 
tion. 

The analogue computers aie likely to 
be less bulky and expensive than tire 
digital type, they provide quick solu- 
tions. But like the slide rule (which is 
also of the analogue class, because it 
translates logarithms into physical dis- 
tances) they have a limit to their pos- 
sible accuracy. For the higher refine- 
ments of calculation, the digital or logi- 
cal computer is now coming to the fore. 

The Digital Idea 

The digital computer is distinguished 
by the fact that it does not measure; 
it counts. It never responds to a greater 
or leaser degree; at every stage of its 



action, it is an “all or nothing” device, 
operating with discrete signals that ei- 
thei exist or do not exist 

The simplest digital computer is the 
human hand, from which, of couise, w 7 e 
have our decimal system. Conespondmg 
to such primitive indicators of a numeri- 
cal unit as a finger, a pebble 01 a stylus 
scratch, the new 7 automatic computers 
represent digits by such methods as. 

A round hole m a ship of tape. 

A square hole m a piece of cardboard 

A current m an electromagnet. 

An armatuie attracted to the magnet. 

A closed pan of electucal contacts. 

A pulse of cuirent m an electrical 
tiansnussion line. 

An electronic tube m which cuirent 
is pei nutted to flow from filament to 
plate. 

A magnetized aiea on a steel or al- 
loyed wiie. 

A magnetized area on a coated tape 

A darkened aiea on a strip of photo- 


NAPIER'S RODS were a 17th-century attempt to mechanize multiplication. 
They were never made to work satisfactorily. The inventor, John Napier of 

a t . i r Edinburgh, is better remembered because be was tbe inventor of logarithms. 

A moving npple in a tank of mercury. e 

In each case there is no measurement 
of giadations in the signal. There is 
either a hole or no hole, contact or no 
contact, cui rent 01 no current, pulse or 
no pulse. The designers simply have to 
make suie that theie wdll be no ambi- 
guity. They have to leave enough room 
on a tape, for example, so that a magne- 
tized area will not get confused with an 
unmagnetized one. This sort of consid- 
eiation, however, only limits the com- 
pactness and m some respects the speed 
of the machine; it does not affect the ac- 
curacy or the number of decimal places 
to which a calculation can be carried 
out. 

Any such imprint or setting is called 
a “memory.” The use of “memory” as a 
technical term of the computer trade has 
bolstered their anthropomorphic analo- 
gy to “brains.” But there really is noth- 
ing surprising in it. Every photograph, 
every printed page, every canceled 
check, is a form of mechanical memory. 

The important tiling about the com- 
putei devices is not that they can record 
and remember numbers, but the fact 
that they are peculiarly adapted to yield 
up the memory content quickly, and in a 
form suited for immediate transportation 
and processing in other parts of the same 
machine. The “on-off” or “yes-no” kind 
of contrast makes it easy to transfer a 
record from one form to another: a pat- 
tern of punched holes instantly becomes 
a pattern of closed switches, or a pattern 
of conducting electronic tubes; it is the 
pattern that represents the number. 

Of course, the number 1,000,000 is 
not represented by a million spots, holes, 
or ripples. Even when transmitted at the DIFFERENCE ENGINE, conceived in 1820 by the English mathematician 
rate of a microsecond per unit, that would Charles Babbage, was the first modern mathematical machine. It did not 

mean a million steps and take the uncon- work because artisans of his time could not make sufficiently accurate parts. 



giaphic film. 

A charged area on the face of a 
cathode-iay tube. 
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DIFFERENTIAL ANALYZER in the Ballistic Research Laboratories of 
Aberdeen Proving Ground was built in the 1930s by the Massachusetts Insti- 
tute of Technology and the Moore School of the University of Pennsylvania. 



KEY ELEMENT of the differential analyzer is the integrator. The essential 
parts of this device are a dish and a small wheel which turns on its surface. 
A base turning parts are regulated to integrate; two separate rates of change. 



scionable time of a full second. The an- 
swer, obviously, is the same one we use 
m ordinary calculation— position value 
coding, of which the decimal system is 
the most familiar example. 

Digits Mechanized 

The fust aitificial digital computing 
device was the abacus, a manually opei- 
ated mechanical memory of gieat antiq- 
uity, yet far m advance of mere finger 
counting. It is still efficiently used m 
many paits of the world, including the 
Chinese laundries of the U. S. The next 
advance was the adding wheel. Gott- 
fried Wilhelm Leibnitz, who invented 
the calculus independently of Isaac 
Newton, also invented the stepped 
wheel that became the basis for the fiist 
commercial calculator. Adding wheels 
of one sort or another led to the modem 
desk calculator. Without the various of- 
fice machines that add, subtract, and 
multiply at the touch of fingers on a key- 
board, it would be difficult to imagine 
an economy that includes vast insurance 
companies, closely audited chain stores, 
and banks competing foi peisonal ac- 
counts at 10 cents a check. Were it not 
for the mechanization of business mathe- 
matics, modern mdustiy would need 
more bookkeepers than factory hands. 
The scientists, ranging from social stat- 
isticians to nuclear physicists, have made 
full use of these commercial devices. The 
adding machine is as much a tool of 
the laboratory as the test tube and the 
oscilloscope. 

A further development, suitable to an 
electiified era, began m the U. S. with 
the census expert Herman Hollerith. He 
developed the first punched-card ma- 
chine using the position of holes to re- 
member numerical data. In the 1890 
census it proved its worth by reducing 
the laboi m half. The Tabulating Ma- 
chine Company which he organized m 
1896 was later consolidated into the 
International Business Machines Cor- 
poration. 

The IBM card, standardized m a size of 
three and a quarter by seven and three- 
eighths inches, with its 80 columns of 12 
punching positions each, has become a 
kind of mathematical coinage. It is in- 
terchangeable among a variety of punch- 
ing, sorting, tabulating, calculating, and 
accounting machines, which deal with 
the cards mechanically, electrically, and 
electronically. The same kind of card 
may hold the data of an astronomical 
orbit, an accountant’s audit, a corpora- 
tion’s income tax, or a subscription to this 
magazine. 

The IBM cards, or variations thereof, 
not only paved the way to the modern 
electronic brains, but in many cases 
they constitute a vital part of them. The 
cards with punched holes speak just the 
kind of language that an electrical ma- 
chine understands. From them the ma- 


chine leads its assignment, upon them 
it spells out its answers, and with 
stacks of them it forms its library or 
memoiy. 

Quite comparable m importance to 
the development of modern computers, 
although somewhat overlooked, is the 
telegraphic printer or teletype. This is 
the machine that can be seen typing, no 
hands, m every newspaper office, every 
news agency bureau, every telegraph 
office, it is the machine that reads and 
writes at a distance. The essential ele- 
ments m this mechanized communica- 
tion are the lelay and the perforated 
tape. The relay is the lineal descendant 
of the telegraph relay, switching on new 
electiical circuits as an armature re- 
sponds to the electromagnetic pull in- 
duced by an incoming signal. The perfo- 
lated tape has room for five meaningful 
holes, plus a sixth little sprocket hole 
which serves to advance it through the 
reading apparatus. 

Note well the mathematical meaning 
oi five holes, or lack of holes, across the 
width of a paper tape. How many dif- 
ferent meanings can be conveyed by this 
‘'five-unit code?” The answer is 32, and 
the way we arrive at it lllustiates the 
binary system of numeration that ap- 
pears in the most advanced electronic 
brains. 

The first position on the tape may be 
either perf oiated or blank, that accounts 
f 01 two possibilities. Each of these can be 
associated with a second position that 
either has a hole or has not, that makes 
four possibilities. The third, fourth, and 
fifth positions each in turn doubles the 
number of alternatives, giving a total 
of 2 rj or 32. Of these, 26 are used for 
ordinary purposes of communication to 
lepresent the letters of the alphabet and 
five for other commands to the mechani- 
cal typist* space (between words), car- 
nage return, line feed, shift to letters, 
shift to figures. ( One of the 32 positions 
is usually not utilized for any signal.) 
The ability to put such commands in 
code and -to have them carried out by 
lelays is another major ingredient of the 
electronic brain. 

The width of such a tape, with its 2 5 
choices, represents a five-digit number 
in the binary system. Some tapes employ 
a six-unit code, providing 64 choices. 

The Relay Computeis 

It is possible to build a fairly fast 
computer using nothing much besides 
teleprinters and tape punchers, a switch- 
board and wiring, and a collection of 
adroitly interconnected relays. It is not 
only possible— it has been done by die 
Bell Telephone Laboratories. 

The perforator presents the problem 
in the form of punched tape. The relays 
(standard items of any telephone dial 
center) do the calculating. The trick of 
adding is to wire their contacts and coils 


m such a way that the closing of any two 
relays energizes the relay that represents 
the sum. For instance,* if relay No. 1 
and relay No. 3 are simultaneously 
closed, the only possible path presented 
to an incoming current is the one lead- 
ing through its closed contacts to the coil 
of relay No. 4. However, if the incoming 
current arrives from the "carry m 1” 
wire (meaning that there was a "1 to 
cany” from the previous column of the 
addition), the path leads to relay No. 5. 

The Bell Telephone Laboratories are 
not m the computer business except as 
it serves the telephone business. But the 
engineers had to do a lot of calculating 
in that business, and George R. Stihitz, 
then of Bell Labs (now an independent 
consultant to die computer industry), 
conceived the idea of building a robot 
computer out of the familiar machinery 
of the telephone system, and the first of 
a series of five progressively more com- 
plicated computers was built by Bell in 
1939. 

Characteristically, the communication 
engineers were not satisfied merely with 
a relay robot that could calculate. What 
good was all that saving of mental labor 
if they had to walk around the labyrinth- 
ine coindors of the laboratories to get to 
the machine? So they also substituted 
wiling for walking, and rigged up three 
i emote stations, on various floors, at 
which mathematical problems were tele- 
typed in (unless, of course, they got a 
busy signal), and at which the answers 
were typed hack. This feature seemed 
fairly commonplace to the telephone 
men, and they were somewhat surprised 
at the amazement of members of the 
American Mathematical Society when, 
m a 1940 meeting at Dartmouth College, 
problems put on a long-distance circuit 
from Hanover to New York received an 
immediate answer on the teletype 
printer. Actually it was no more difficult 
than sending the answers across the 
room. 

Compared with the electronic devices 
we shall discuss below, the relay com- 
puters are slow. On the other hand, they 
are reliable. One machine ran 1,500 
hours without a failure. They check 
themselves, refusing to let an error go 
through even when they are unattended. 
When some element in the apparatus 
fails, the machine simply drops that por- 
tion of the problem and proceeds to the 
next. 

During the war IBM built several 
relay computers, two of which have been 
installed at Columbia University, and, 
under the supervision of W. J. Eckert, 
are available to scientists engaged in 
basic research. The first of the large- 
scale calculators was the Mark I, or die 
Automatic Sequence Controlled Calcu- 
lator, which IBM presented to Harvard 
University, where it went to work in 
April, 1944. Using adding wheels con- 
trolled by electrical impulses, with re- 


lays for traffic direction, it calculates 
with numbers of 23 decimal digits and 
computer products to 46-digit accuracy. 
It gets its instructions from perforated 
tape, from IBM cards, and from the 
manual setting of 1,440 dial switches. It 
emits its answers either on IBM cards or 
by typing columns of figures on a roll of 
paper. 

Electronic Computers 

What do relays really do? They are 
nothing but switches operated bv elec- 
tricity, so that one signal opens a valve 
or gate thiough which another current 
can pass. The very same thing can be 
done by an electronic tube— it is for this 
reason that the British use the word 
"valve” where we use "tube.” The elec- 
tronic valve does what the relay does— 
and does it diousands of times faster. In 
the relay, a mechanical obj'ect must move 
through space to open and close the gate. 
In the electronic tube, only electrons 
move, and their speed can best be in- 
dicated by the fact that in a radar set, 
electronic currents reverse themselves 
millions and even billions of times per 
second. 

The first mathematical computer to 
employ the electronic swiftness of radio 
and radar was built in wartime secrecy 
for the Army Ordnance Department at 
the University of Pennsylvania, and later 
moved, at a cost of about $100,000, to 
the Ballistic Research Laboratories at the 
Aberdeen Proving Ground. It is the 
Electronic Numerical Integrator and 
Computer, the previously mentioned 
Eniac. This phenomenal machine is so 
complicated that no single person, even 
among its inventors, knows every part 
of its wiring or the function of each of 
its 18,000-odd tubes. However, some 
of its arrangements are quite simple. 
The system of electronic number storage, 
or memory, is obvious almost at first 
glance. 

If you were admitted by Army Ord- 
nance officers to the new air-condi- 
tioned quarters of the Eniac, you would 
observe the walls lined with panels of 
radio tubes. You are shown one panel 
called an accumulator, and you are told 
that it is capable of remembering a 
10-digit number. It can register any 
number from zero to 9,999,999,999— but 
only one such number at a time. 

An accumulator consists essentially 
of 100 vacuum tubes (one might say 
200 tubes, since each is a double tri- 
ode). They are arranged in 10 columns 
of 10 tubes each. Reading from right to 
left, you have the units column, the tens 
column, the hundreds column, and so 
on. In each column, the bottom tube 
represents zero, the second tube repre- 
sents 1, the third tube 2, and so on to 9. 

To make things even easier, there is a 
neon light in front of each tube which 
goes on when that tube is in the “indicat- 
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ACCUMULATOR of the Eniac computer operates on zontal rows ) . Letters M and P at left stand for minus and 
the decimal system. It has a “memory” of 10 digits ( liori - plus. Number indicated by neon lights is 2,693,162,484. 


ing” state. Only one tube in each column 
can be indicating. If the number is 5,~ 
384,293,768, tube 5 will be excited in 
the first column, tube 3 m the second 
column, and so on. If the number stays 
put for a few seconds (which in practice 
it does not, except during demonstrations 
of checkups) it is quite easy even tor the 
untutored to read the number written on 
the wall. 

The Emac has 20 such accumulators, 
which occupy about half of the ma- 
chine’s total space. Thus it can store just 
20 numbers (of 10 digits each) in its 
“electronic memory.” At least one of the 
accumulators will be m use at any given 
moment in a dynamic way— either send- 
ing out the number which it has been 
holding or receiving a new number. The 
new number may come into a blank ac- 
cumulator, on which it registers, or it 
may come into an accumulator which 
already holds a number. In the latter 
case, the new one is automatically added. 

And here, at a flash, we see the ma- 
chine’s wonderful possibilities. An accu- 
mulator can absorb a 10-digit number 
(adding it, if necessary, to its existing 
contents) in just one five-thousandth of a 
second. Or, to use the kind of time unit 
which is more suitable to this discus- 
sion-in 200 microseconds. 

One peculiarity of the high-speed cal- 
culators is that it takes no more time to 
do the most elaborate addition than the 
simplest. The Eniac needs as long to add 
1 and 1 as to add two full 10-digit num- 
bers, In fact, an accumulator gets Its 


maximum workout when it is required 
to subtract 1 fiom 1. Since it works m 
one direction only, it cannot simply go 
back one step from 1 to zero. Instead, 
the minus 1 is set m as 9,999,999,999, 
i.e , 10 billion minus 1. It then adds 1 
to 9,999,999,999. 

J In performing this addition, the ma- 
chine functions as follows. A single pulse 
of electricity representing the number 1 
goes into the units column At the first 
tube position it finds that a free path 
exists for it to go to the second tube. 
There, also, the gate is open, and so on 
through successive tubes to the top of the 
column. The impulse travels to the tube 
that represents number 9 The “flip-flop” 
circuit at 9 position has been m the “on” 
condition. At this point three things hap- 
pen: First, the impulse turns the top 
tube to “off,” clearing away the 9. Sec- 
ond, it continues to the next tube posi- 
tion, representing zero, and switches that 
to the indicating condition. The units 
column now reads zero, as it should. But 
if you were doing this mentally you 
would say “zero and one to carry.” To 
correspond to this, as the third step the 
activation of zero causes a single pulse 
to be carried to the tens column. Here 
the pulse runs through precisely the 
same routine, finding its way up the col- 
umn to change the excitation from 9 to 
zero, and sending a carry into the hun- 
dreds column. This is repeated until the 
entire array has been changed from 
9,990,999.999 to 0,000,000,000. The 
machine, doing it the hard way, has car- 


ried out the calculation 1 minus 1 equals 
zero. 

Suppose the number to be added is 
1,000,000,011. Then single pulses will 
enter at the same time into the units 
column, the tens column, and the bil- 
lions column. After each one runs 
through its cycle, another timed signal 
comes along which instincts each col- 
umn to yield its “carry” signal, if it has 
one in store, to the column on its left. 

What about multiplying and dividing? 
These could he done, and in some cal- 
culators are done, by lepeated addition 
and subtraction. Multiplying 52 by 7 
simply means setting up the number 52 
and adding 52 six times. Similarly, divi- 
sion is repeated subtraction. There are, 
however, some short cuts. Emac uses a 
built-in multiplication table. This is 
wired up to give immediately the prod- 
uct of any two digits. The sums of all 
the products are then fed into an accu- 
mulator and added up. By this method 
the entire multiplicand can be multiplied 
by one digit in the time corresponding to 
one addition. The complete multiplica- 
tion of a pair of 10-digit numbers can he 
accomplished m 1/350 of a second. 

Any numerical computation, whether 
it deals with an equation or a table of 
numbers, can be reduced to a succession 
of the basic arithmetical operations. 

Eniac was designed for a specific pur- 
pose. The Ordnance Department needed 
firing tables— a different one for every 
new kind of gun, and for every different 
size and shape of shell. The Army had 



ELECTRONIC TUBES are the counting units of the site page represents a tube. There are 10 colu mn s of 10 
Eniac accumulator. Each light of the panel on the oppo- tubes. Bright tubes at right and bottom are auxiliaries. 


large numbers of skilled mental laboiers, 
sitting at desks with their lingers pun oil- 
ing the keys of office-type adding and 
computing machines, figuring out the 
necessary tables. It took such a person 
20 horns to work out the trajectory of a 
single shell, making allowance for air re- 
sistance and the many other factois. 
Eniac does the same thing in half a min- 
ute. The implications of such speeds for 
the remote control of guided missiles are 
evident. 

Although Eniac was a tremendous 
success m its way, opening the path to 
all-electronic computation, nothing ex- 
actly like it will ever be built again. It 
lias serious limitations. Chief among 
them is a vast discrepancy between the 
speed with which it can compute and 
the time it takes for it to become aware 
of the problem and to spell out its an- 
sweis. 

For a given kind of problem, it must 
be instructed by plugging in wires and 
setting switches— both of them manual 
operations that go at the poor speed of 
human hands. In addition it has so many 
components that there are numerous 
sources of malfunction requiring elabo- 
rate maintenance routines. Another limi- 
tation, which became evident to its de- 
signers even while it was being built, is 
the limited electronic memory and the 
large space required for storing numbers 
m electronic tubes. The tubes require 
120 kilowatts of power, and another 20 
kilowatts is needed for the blower equip- 
ment to take away the heat in the tubes. 


This led to the conclusion that the use of 
100 tubes to spell out a 10-digit number 
is wasteful of space and power 

There is a way to make a memory 
composed of electronic tubes more com- 
pact. The IBM Selective Sequence Elec- 
tronic Calculator in New York is an ex- 
ample. The machine deals with 14-digit 
numbers On the Eniac principle each 
number would require 1,400 double 
tubes. This machine gets by with 560. 

( In both the Emac and the IBM machine 
theie are various auxiliary tubes to con- 
trol the circuits, but these are ignored 
here.) This is done by modifying the 
decimal system, using a hybrid called 
“binary decimal ” 

Any number from zeio to 9 can be 
represented by only four tubes, provided 
each tube has a numerical value asso- 
ciated with its position in the group, and 
provided that more than one of the 
group can be “on” at the same time. The 
values chosen are 1, 2, 4 and 8. Thus: 

1 is represented by tube 1. 

2 is represented by tube 2. 

3 is represented by tubes 1 and 2. 

4 is represented by tube 4. 

5 is represented by tubes 4 and 1. 

6 is represented by tubes 4 and 2. 

7 is represented by tubes 4, 2 and 1. 

8 is represented by tube 8 

9 is represented by tubes 8 and 1. 

0 is represented by all tubes off. 

This system of binary-decimal digits 

is applied not only to electronic tubes 
but also to banks of relays and rolls of 
paper tape, which provide a vast storage 


of numbers and sequence instructions. 
At the input and output connections to 
the external world, the machine has an 
automatic device for translating between 
the decimal system and the binary-deci- 
mal. 

In many cases there are good reasons 
for sticking to the decimal system, at 
least as far as the machine’s external 
relations are concerned. One very prac- 
tical reason is that the IBM calculators 
and the Eniac weie built to receive their 
problems from the punched holes of 
standard IBM cards. IBM’s newest cal- 
culator, the Type 604 mentioned earlier, 
employs the binaiv decimal system, four 
tubes per digit in connection with stand- 
ard punched caids that are completely 
read and processed at the rate of 100 
per minute. 

The decimal system is also desirable 
wherever the machine must handle large 
amounts of “outside” numerical mate- 
rial. Thus it will probably continue to be 
used in any “business” type machine 
which handles accounting problems, in- 
ventories, tax computations, or in any 
“scientific” machine which deals with 
statistical material. One of the most ad- 
vanced calculator designs— the Univac, 
being built by the Eckert-Mauchly Com- 
puter Corporation for the use of the 
Census Bureau—also will operate on the 
decimal system. 

On the other hand, when the Eckert- 
Mauchlv group got orders for a com- 
puter to do engineering problems where 
the prime purpose was to solve equa- 
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CODED PULSES are fed into tlie Eniac machine by cycling unit. Charac- 
teristics of pulses may he observed on the face of the cathode-ray tube at the 
top. A four-peak signal is shown on the tube. Key to code is in the center. 



TABLE OF FUNCTIONS is used as an Eniac auxuiliary. Numerical values 
representing quantities that change in relation to each other may be set up 
on table. These are fed into machine at appropriate points in a problem. 


tions, it was designed for the binary 
system (hence the name Binac— binary 
automatic computei ) . The calculator be- 
ing built at the Institute for Advanced 
Study, in Pnnceton, for theoretical analy- 
sis of problems m mathematical physics, 
weather foiecasting, and other problems 
of that nature, also will work on a pure 
bmaiy system. 

Binary Numbers 

The binary system permits the “on- 
off” kind of memoiy to be used with 
100 per cent efficiency. As long as we 
have no special reason foi compromising 
with the decimal notation, we can have 
our tubes signify 1, 2, 4, 8, 16, 32, 64, 
128, 256, 512, 1,024, doubling at each 
stage, as fai as we like. Any intermediate 
number can always be assembled by ap- 
piopnate combinations of the tubes. 

At this point we find that we no longer 
need the decimal notation at all. There 
is another notation which serves the pur- 
pose better. The binary system of num- 
bers really requires only two symbols, 
winch are usually written as 0 and 1. 
Let us first compare it with the above list 
of doubling numbei s . 


Decimal notation 
0 
1 
2 
4 
8 

16 

32 

64 

128 

256 


Bmaiy notation 
0 
1 

10 

100 

1,000 

10,000 

100,000 

1,000,000 

10,000,000 

100,000,000 


One inference is obvious at a glance. 
To multiply a number by 2, just add a 
zero. Or, m a machine, shift the columns 
one step to the left. Thus multiplying 
becomes as easy as adding. 

Now let us see how the other numbers 
fit m. We will take just the fiist few 


Decimal 

3 

5 

6 
7 
9 


Binary 
11 ' 
101 
110 
111 
1,001 


Thus it is clear that every number can 
be represented by some combination of 
the two symbols 1 and 0. The presence 
of one or the other constitutes a binary 
digit. The phrase binary digit has been 
abbreviated in a new term— “bit,” a 
rather neat usage because it is essen- 
tially a bit of information. In the binary 
system we need 10 bits to represent 
a decimal thousand, 20 bits to represent 
a million, 30 bits to represent a billion, 
and approximately 33 bits to represent 
the ten-billion figure of an Eniac accu- 


mulatoi. It takes only one electiomc tube 
to represent a bit Thus 33 tubes do the 
work that m the Eniac requiies 100 and 
m the binary-decimal system would re- 
quire 40. 

In addition, binary notation thrives on 
the simple contrast of two alternatives— 
the ultimate m interchangeability and 
transportability The 1 and 0 we have 
used in the above explanation can be 
translated physically, and without any 
fuither coding, into all sorts of mtei- 
changeable effects— spatial, electrical, 
magnetic. For example, 1 may be repre- 
sented by an electric pulse and 0 bv the 
absence of a pulse, 1 by magnetic north 
and 0 by magnetic south, and so on. 

Any such representation may be used 
as long as it is consistent and inter- 
changeable As a magnetized tape passes 
under a coil, the presence or absence of 
a magnetized spot is converted into the 
presence or absence of an electrical sig- 
nal, which m turn can be louted to an 
electronic tube. If there is a signal 
(meaning 1) the tube can be flipped 
from a 0 position to a 1, or from a 1 to 
a 0. The beauty of the binaiy system is 
that addition of a digit always means a 
simple reveisal of the condition of the 
'‘memory”— adding a pulse where theie 
is none, or wiping it out if theie is one 
( converting 1 to 0 ) . 

Logic and Conti ol 

The next step is the realization that 
the binary system does not merely apply 
to numbers. It applies to logic. For 1 
and 0, we can substitute “yes” and “no ” 
Thus, for example, a binary machine 
may be adjusted to deal with double 
negatives, making “no” and “no” add up 
to “yes.” The vacuum tube lends itself 
especially well to acting out such logical 
concepts as “and,” “or” and “neither.” 
To illustrate the idea of “and,” a four- 
element tube has two grids that act as 
“gates” controlling the current from grid 
to plate. If both of them are normally 
held at a strong negative voltage, cur- 
rent can flow only if both are turned 
positive by an incoming signal. Signals 
on each are a “necessary” condition for 
any current to come out of the tube; 
neither alone provides a “sufficient” con- 
dition. On the other hand, external cir- 
cuits can be so arranged that a signal 
from either one of two sources will make 
the tube conduct; such an arrangement 
carries out the idea of “or,” since one 
source or the other will suffice 

Such electronic gates are at the heart 
of the traffic and control systems of the 
high-speed calculates. Each gate may 
have one, two, or more locks, requiring 
certain simultaneous conditions to be 
satisfied before they will permit the ma- 
chine to proceed to the next step. 

The speed of the electronic tube is the 
key to the speed of the new calculators. 
We have already seen that the tubes aie 


used m three ways, first, as a memory 
device which can receive and hold num- 
bers; second, as an arithmetical unit; and 
thii d, as a gate for directing the flow of 
electrical traffic to different parts of the 
machine m accordance with instruction 
signals. Vacuum tubes have a fourth im- 
portant function in making the calcula- 
tors possible, they are employed, some- 
what as m radio and television sets, to 
amplify worn-out signals that have lost 
then sharpness and strength, reshaping 
them as good as new 

Of the four functions, the least effi- 
cient is the one described at the begin- 
ning of this article— storage. And that is 
because it takes the length of a wall to 
stoie any appreciable quantity of num- 
bers, whether the tubes are used 10 to a 
decimal digit, or four per decimal digit, 
or even one per binary digit. For leally 
large-scale computations, machines need 
a memory that is both more compact and 
more capacious than any that can be 
achieved with electronic tubes. 

One recourse is to have the machine 
print out partial answers which can then 
be fed back mto it— or other machines— 
when needed. The IBM Selective Se- 
quence Calculator makes considerable 
use of this method. As the machine solves 
some mathematical function, the result- 
ing table of values is perforated m a 
coded set of punched holes on a wide 
roll of heavy paper, not unlike an old- 
fashioned player-piano roll. This is 
mounted on an arrangement of cylin- 
ders and pulleys. Later, when the ma- 
chine is ready to refer to the table, it 
“looks up” the proper constant by letting 
the paper run through it until it finds the 
appropriate value. On a similar princi- 
ple, the machines can have a virtually 
infinite memory capacity in the form of 
punched cards, but the speed of this 
method is limited by the slow rate at 
which the machine reads the cards— 100 
cards per minute. 

To get to another order of magnitude 
for compactness and speed of memory, 
designers have turned to methods other 
than perforated paper. Among them are: 
magnetic tape, photographic film, 
charged cathode-ray-tube surfaces and, 
most remarkable of all, columns of mer- 
cury m which numbeis are stored m the 
dynamic form of waves moving at the 
speed of sound. 

Magnetic tape, the same kind now 
coming into favor for recording the 
sound waves of radio programs and dic- 
tating machines, is being used widely in 
machines now under construction: both 
the Edvac and the Univac will make im- 
portant use of it. Its advantage is com- 
pactness: a one-inch strip of eight-milli- 
meter tape can hold 800 distinguishable 
“spots” of magnetization— carrying as 
much information as an entire IBM card. 
Besides* as users of tape-recording equip- 
ment know, the magnetization can be 
applied at high speed, can be read back 


just as fast, and can be erased more 
easily than a blackboard. 

Another experimental approach is 
through electrostatic storage. The princi- 
ple starts with the cathode-ray tube that 
forms the viewing screen of both radar 
and television sets. The memory that 
such tubes have for a picture can also 
be used to store patterns of electrical 
charge. The idea is attractive because 
the “reading” of stored numbers can be 
done very quickly by means of a beam 
of electrons. RCA engineers have built a 
tube for the purpose called the Selec- 
tion, with a mesh of wires built m to 
control the area on which electric charge 
is deposited, and this is one of the ele- 
ments under test for the computer being 
built at the Institute for Advanced Stu- 
dy. A new British calculator at Manches- 
ter University uses a regular television 
tube, with dots on its face for zero and 
dashes for 1. The U. S. Bureau of Stand- 
ards has plans for employing the same 
device. 

But what really seems to symbolize 
the speed of the modern computer is the 
new tendency to resort to memory-m- 
motion through the use of the mercury 
column. 

Pulses in Mercury 

Mercury’ memory came out of war- 
time radar. One tactical difficulty with. 
radar was the fact that an enemy plane 
could not well be distinguished against 
a solid background. It could conceal it- 
self from the radar eye by hiding in front 
of a mountain as well as behind it. Engi- 
neers reasoned they could get around 
this difficulty if they could find some 
automatic way of canceling out a fixed 
echo and showing only those received 
from a moving object. This was finally 
accomplished, toward the end of the 
war, with a device called the delay line 
The idea was to make an echo signal 
travel tardily within the set "so that the 
following echo, arriving perhaps a thou- 
sandth of a second later, would overtake 
it. If the two matched, they would can- 
cel each other out. Thus echoes from 
fixed terrain would not show. But if the 
echoes came from different places, as 
they would from a moving airplane, both 
of them would appear on the face of the 
oscilloscope. 

One of the best means of delaying 
such a signal was found to be an “acous- 
tic” line in which the signal would gener- 
ate a ripple in a tube of liquid mercury. 
Traveling in the mercury at the speed 
of sound, the signal would come out at 
the far end an appreciable interval after 
its entrance. The exact period of delay 
could be adjusted by changing the tem- 
perature of the mercury or the length of 
the path through it. For example, at 65 
degrees Centigrade ripples travel through 
mercury at a mile a second. In electronic 
matters, where most events occur closer 
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to the lS6,0Q0-mile-pei -.second speed of 
light, this is slow 

In the Bmac now being completed by 
Eckert-Mauchly, an 18-inch column ol 
meicury maintained at 65 degrees pro- 
vides a "delay of 836 microseconds. Since 
successive pulses m this machine are 
separated bv only one quarter of a micro- 
second, this delay means that at any 
given moment the 18-inch length of mer- 
cury has in storage four times 336, oi 
1,344 bmaiv digits. For convenience of 
executive administration, this is divided 
into 32 “woids,” each containing 30 
binary digits, a pulse space foi plus or 
minus sign, and 11 more unu§ed spaces 
( or time intervals) to separate successive 
words. 

The mercrny tube is the kind of 
“brain” m which information is supposed 
to go in one ear and come but of the 
other. An electiical signal arriving at the 
delay line causes a quartz crystal to ex- 
pand by the well-known piezoelectric 
effect, 'the crystal pushes against the 
mercuiy, and a ripple runs through 
faster than the eye could follow. Aftei 
1/3,000 of a second it arrives at the far 
end, presses against another crystal, and 
generates a new electiical impulse. This 
is built up in an amplifier and fed back 
into the front end again. The cycle re- 
peats 3,000 times a second. Thus the 
digit goes around and around, and would 
do so just about forever if nothing inter- 
vened. At the desired moment, however, 
an electronic gate opens in the amplifiei 
to switch the signal into some othei cir- 
cuit— the electronic adder, for example 
Or the signal can be erased, simply by 
instiucting the amplifier not to amplify 
at the moment when the signal comes 
around. 

At the present writing the most popu- 
lar system for calculating machines is 
based on the mercury ripples, supple- 
mented by electronic computing circuits, 
magnetic wire or tape for intermediate 
and erasable memory, punched cards or 
paper tape for a still more permanent 
library of memories and accumulated 
answers, and automatic printers for 
spelling out the answers. 

Future Applications 

What does this all mean in practical 
terms, for today and tomorrow? How 
will it affect business, government, mili- 
tary affairs, science, and mathematics 
itself? 

It is tempting to make grand generali- 
zations. The writer is indebted to Samuel 
N. Alexander, chief of the Bureau of 
Standards’ electronic computer section, 
for a rather hardheaded appraisal of 
some real prospects— purposes for which 
various branches of the government are 
submitting their bids to be among the 
first to get such machines. 

First, there is the matter of enormous 
numbers of routine substitutions in for- 


mulas An impoitant example, aside 
hom the mission oi wnnging more le- 
sults hom the figures of the 1950 census, 
is the adjustment of maps. Many nations 
may he coirectly mapped, but two ad- 
joining countnes aie likely to have a dis- 
crepancy of seveial feet at then mutual 
boundaries; the corrections requite a 
tremendous number of sepaiate calcula- 
tions, and both the Army Map Seivice 
and the Coast and Geodetic Suivey 
would like electronic assistance. 

Secondly, there are elaboiate engi- 
neering computations which now requite 
enormous effort— for example, a room- 
ful of people spending more than a year 
and a half checking stress estimates to 
transfei a design hom a model to a full- 
size aiiplane This kind of thing, along 
with many problems m hydrodynamics, 
supei sonic an plane characteristics, and 
so on, can hencefoith be relegated to the 
computing machine. The slowness of 
ordinary computation was partly respon- 
sible for the fact that no U S. bomber 
flew xn the last war which had not been 
designed before the war began. This lag 
should be greatly reduced by the new 
computers. 

Thirdly, theie is a group of uses that 
have to do with “piogram procedure.” 
What is the best way to distribute avail- 
able manpowei, funds, equipment, and 
so forth, to maximize a particular effect 
or to minimize cost' 1 For example, the 
armed foices can make up vaiious menus 
winch will satisfy the soldier’s needs for 
calories, vitamins and minerals. But each 
food item also has various such qualities 
as perishability, compactness and cost. 
How can you meet the dietary require- 
ments with minimum cost, minimum 
shipping weight, or minimum time of 
delivery? Normally the mathematical 
labor in figuring out the advantages of 
every possible combination is too great, 
so only a few combinations are studied 
thoroughly. 

Fourthly, since the digital calculator 
is essentially a logical machine, it can 
make all sorts of quick decisions that now 
require an alert and hard-pressed human 
being. The Air Navigation Development 
Board is considering the use of comput- 
ing machines at airport control towers to 
relieve the tiaffic control men of many 
elementary, stereotyped decisions. And 
the Research and Development Board of 
die National Military Establishment has 
a committee at work considering how 
electrical computers can be rigged to 
play out war games. 

In the present state of world affairs 
military applications are still uppermost 
in the thinking about calculators. The 
last war undoubtedly stimulated the de- 
velopment of these machines, and the 
threat of renewed war is a continued 
stimulant. It seems that electronic com- 
puters, associated with radar, will he the 
main defense against high-speed bomb- 
ers, tracking thebomber and guiding the 


anti-aircraft missile to a collision couise. 
And futuie long-iange offensive missiles 
will most likely radio back what position 
mfoimation they can gather, and have it 
processed in a home computer, out of 
which radio- tiansmitted answeis will 
give the missile its mstiuctions foi bli- 
ther navigation. 

Should the war clouds dissipate, the 
cleaied an would show the electronic 
brains conti lbutmg mightily to the ad- 
vance of science and the efficiency of 
both business and government. They 
may even offer a technical means of 
conti lbutmg to world peace by helping 
to make world government piactical. 
The “cuise oi bigness,” which has af- 
fected big corpoiations and big govern- 
ments alike, is very hugely due to the 
difficulty of any small group of men 
knowing what is going on m a vast and 
lai -flung enterprise. The trouble with 
planning is that the planners cannot 
know all the facts bearing on then plans, 
much less have they the time and ability 
to figure out all the consequences that 
will result from one oi another course 
of action. These considerations have 
brought about a feeling foi an optimum 
size for any single administration, 
whether government or business, be- 
yond which the opeiation gets too un- 
wieldy to compete with smaller, better 
integrated units. The electronic com- 
puteis or ini oi mation processing systems 
may well move that* optimum size up- 
ward. 

Though they leplace othei kinds of 
human mental effort, the mathematical 
machines will never replace the mathe- 
matician. More mathematicians will be 
needed, but the nature of their work will 
be changed. As theoretical physicists 
make ever more geneial equations ex- 
pressing the basic foices of the universe 
with fewer and fewer symbols, their ab- 
stractions get ever farther from the nu- 
merical values of the laboratory experi- 
ment and ordinary life. Even Albert 
Einstein is not free of this difficulty. His 
approach toward a unified field theory, a 
generalization into which relativity fits 
as a part, may or may not be correct. 
Einstein does not know. The trouble, he 
once told the writer, is that “tremendous 
labors of the most brilliant mmds, pos- * 
sibly for several generations, will be 
needed to translate die general theory 
into specific cases which can be tested 
by experiment.” Perhaps the new com- 
puters, like the one being built by 
Einstein’s colleagues at the Institute for 
Advanced Study, will help to shorten 
this labor, and thus allow investigators 
of the mysteries of the universe to test 
their own theories to determine whether 
they are on the right track. * 


Harry M. Davis was author of Radio 
Waves and Matter, which appeared in 
the September issue of this magazine . 
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INDICATOR LIGHTS of IBM Selective Sequence Cal- be added to indicate any number from zero to 9 Column 

culator depict binary decimal counting system. Four at left notes plus or minus. Each of 19 other columns is 

lights in each column represent 1 5 2, 4 and 8. These may one digit. Number is +3.141592653589793238. or pi. 


ELECTRONIC-MEMORY SECTION of the Selective of the 24 tubes indicate the digit by system outlined 
Sequence machine is an array of tubes. Each of the pan- above. Remainder control route of signals through cal- 
els that contains 24 tubes represents one digit. Four dilator. Twelve-tube panels are auxiliary control units. 
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Submarine Canyons 


Cut into the drowned shelves of the continents are some 
of the world’s deepest gorges. A California investigator 
describes his work and its bold geological implication 

by Francis P. Shepard 


AN EXPLORER who under to ole a 
Am walking trip on an ocean bottom— 

JL if such a maneuvei were possible 
—might well need mountain-climbmg 
equipment. He would find some ot the 
undersea terrain as tugged as any on 
dry land, in an extended tup he would 
encounter deep valleys, tall mountains, 
sheer rock clifts. Not the least astonish- 
ing of his experiences would be the dis- 
covery of vast submarine canyons, rival- 
ing in size and steepness the famous 
Grand Canyon of the Colorado River. 
Large canyons aie known to exist off the 
shores of every major continent. They 
are particularly surprising to geologists 
because there is nothing in traditional 
geological knowledge 01 theory that ex- 
plains clearly how they could have been 
formed. 

The undersea canyons have the same 
character as those on land: they are deep 
valleys with high steep slopes and a nar- 
row floor. The erosion process that 
creates canyons on land is well under- 
stood. Once started, a canyon deepens 
at a rate which to a geologist, used to 
dealing in changes requiring millions of 
years, is truly stupendous. In deposits of 
sand, gravel or volcanic ash on a steep 
slope, a stream has been known to cut a 
canyon 100 feet deep within a single 
generation. Canyons 1,000 feet or more 
in depth are believed to have been cut 
into the sides of some mountain ranges 
since the retreat of glaciers of the last 
great Ice Age, that is, in the past 10,000 
to 25,000 years. 

But how can one account for the cut- 
ting of steep-walled canyons in a sea 
floor a mile or more under the surface 
of the ocean? The running water that 
cuts valleys into the land slopes loses 
its velocity when it flows into a standing 
body of water such as an ocean. Since 
the ocean water is heavier, the fresh wa- 
ter from the land stays on top and flows 
slowly out over the ocean surface. Some 
explanation other than river flow into 
the sea must be sought for the ocean 
canyons* 

The most obvious suggestion is that 
they were cut by streams at a time when 
the oceanic slopes were above water. 
The necessary changes of water level 
would be no greater Sian those involved 

, ,, 


m the elevation of the major mountain 
langes of the woild, all of which aie 
believed to have been below sea level 
at one time. There are objections, how- 
evei, to this explanation. Mountain 
ranges, which show signs of gieat rock 
defoimation, presumably accompanying 
the great uplifts that pi educed them, are 
limited to certain regions of the eaith, 
wbeieas the submarine canyons are 
known to be virtually world- wide. They 
even cut deeply into the submarine 
slopes off areas winch geologists believe 
to have been geologically stable for very 
long periods, and they exist m oceanic 
regions where broad shallow shelves 
bordering the coasts testify to countless 
millennia of wearing away of the lands 
by waves at approximately the present 
sea level. Moreover, canyons are found 
not only off the borders of continents but 
also on the submarine slopes surround- 
ing oceanic islands such as Hawaii. An- 
othei objection to the river-erosion hy- 
pothesis is that the only available evi- 
dence concerning the time of origin of 
the canyons appears to confine them to 
very late geological time, roughly the 
last million years. Many geologists have 
been unwilling to believe that during 
this period the earth’s surface has un- 
dergone an all-inclusive revolution such 
as would be required to account for the 
cutting of these canyons by rivei erosion 
and their subsequent submergence by 
the oceans. 

A number of other hypotheses have 
therefore been advanced Thus it has 
been suggested that the sea canyons are 
due to deformations of the earth crust 
such as those which produced Death 
Valley or the Dead Sea Valley, or to 
submarine springs that might flow out 
with such force on the ocean floor as to 
produce excavations; or to the great sea 
waves that follow some of the submarine 
earthquakes; or to currents of muddy 
water which it is thought might flow 
down the oceanic slopes just as rivers 
flow down the land slopes. 

Many geologists have felt that these 
hypotheses should be tested by marine 
investigations rather than by philosophi- 
cal arguments. At the Scripps Institution 
of Oceanography investigations of sub- 
marine canyons have formed a consider- 


able pait of the research piogram for 15 
yeais. This woilc has been assisted great- 
ly by grants fiom the Geological Society 
of America and in xecent years by funds 
fiom the immense research activities of 
the U. S. Navy, made available through 
the Office of Naval Research, the Hydro- 
graphic Office and the Bureau of Ships 
undei contract with the University of 
California. The results of these investi- 
gations have provided the only detailed 
information concerning the exact char- 
acter of the canyons. Since it is obvious- 
ly nccessaiy to know what it is that we 
are tiymg to explain before testing the 
hypotheses, we shall first descnbe the 
findings of some of the California investi- 
gations. 

A S it happens, the Scripps Institution 
- of Oceanography at La Jolla on the 
California coast is located directly inside 
the branching head of a submarine can- 
yon. This convenient location has pro- 
vided a remaikably fine opportunity for 
canyon investigation. It is possible to 
walk out on the pier at the Institution, 
get into a boat and be at work over the 
canyon within 20 minutes. 

The canyon has two principal 
branches, known as La Jolla Canyon and 
Scripps Canyon, and many small tribu- 
taries. It has been explored by many dif- 
ferent methods Extensive depth meas- 
urements, repeated at periodic time 
intervals, have been made along the 
canyons and ranges. Many samples of 
the bottom have been taken, some of 
them with laige dredges which dug rock 
fiom the ledges on the sides of the 
canyon. The bottom currents have been 
measured. Sediments moving along the 
bottom have been collected by means of 
traps. And the shallower portions of the 
canyons have been explored directly by 
divers. This provided a splendid oppor- 
tunity to take photographs showing de- 
tails of the remarkable topography of the 
underwater canyons in this area. 

Scripps Canyon, the northern branch 
of the valley, has been found to have 
terraced slopes with an inner gorge re- 
sembling, on a somewhat smaller scale, 
the tributary canyons that enter the 
Grand Canyon of the Colorado. A sec- 
tion of the bottom of the Scripps gorge. 
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MONTEREY CANYON has a deep tributary which edge of the water in this drawing. The walls of the can- 

heads in Carmel Bay. The tributary canyon is a continn- yon appear to be of granite. Samples taken at a depth of 

ation of the flat-bottomed river valley extending to the one mile in the ocean show sand and gravel on its floor. 
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showing the base of the rock cliffs on one 
side .and the flattish surface of the mass 
of sediment which has accumulated on 
the canvon floor, is shown m the photo- 
graph at the bottom of page 43 The 
diver who took this photograph walked 
over the floor and climbed out of the 
inner gorge along a little tributary lavme 
that led to the teirace above. Walking 
along this terrace, he found anothei 
ravine that terminated as a hanging 
valley on the face of the cliff. Exactly 
compaiable canyons are found ashoie m 
this axe a. - 

The walls of the inner gorge of La 
Jolla, the southern bianch of the can- 
yon, are made of unconsolidated allu- 
vium (stream deposits) instead of rock 
as in die Scnpps branch. They are al- 
most as steep, however, as those cut m 
the rock. Nmneious gully like tributar- 
ies were discovered and followed by the 
diver. The descriptions and pictures of 
these showed features remarkably simi- 
lar to the valleys cut into the same sort 
of material on shore Faither out from 
shore. La Jolla Canyon was found to 
have rock walls, but no indication of 
veitical clifFs has been discoveied there 
as yet. 

A NOTHER California canyon that has 
l been extensively studied beads into 
Monteiey Bay. This canyon can be 
.traced outward to depths of two miles 
below sea level. In one place a cross sec- 
tion of it proved to be closely similar to 
that of the Grand Canyon. Monterey 
Canyon has a large tributaiy that enters 
Carmel Bay. Detailed soundings of this 
branch showed diat it is an underwater 
continuation of a land canyon of the 
same type ( drawing on page 41), The 
walls of the submarine section of the 
Carmel Canyon are of granite, and the 
same tvpe of rock was found on one wall 
of the main Monterey Canyon. The floor 
of Monterey Canyon has a variety of 
deposits. Rounded gravel was found in 
one core sample out in depths of about 
one mile. Elsewhere sand was found at 
various depths. Since gravel and sand 
are considered to be deposits of shallow- 
water origin, these canyon-floor deposits 
may have, considerable significance. 

Currents measured on the floors of the 
canyons off the California and New Eng- 
land coasts proved to be weak eddies 
which flow slowly up and down the can- 
yons, reversing direction in many cases 
at intervals of an hour or less. No evi- 
dence has been found to indicate that 
these currents are strong enough to he 
capable of even removing the sediment 
that is being carried out into canyon 
heads by wave action. So much sedi- 
ment is carried into the canyon heads 
that, if nothing interfered, the inner por- 
tions of the canyons would he largely 
filled in a few hundred years. Repeated 
exact measurements of the profiles 
across the canyon heads revealed why 


the cam ous have not been filled up. It 
was found that the fill on the canyon 
floor is at least partially flushed out 
fiom time to time by large landslides or 
mudflows. The slopes of the canyon 
axes are sufficiently steep so that such 
slides are by no means surpnsmg. In 
some cases where pieis have been built 
out into the heads of canyons, the slid- 
ing of the bottom material towards the 
outei canyon has removed the support 
horn the piei pilings and caused the 
ends of the piers to collapse. 

The piecedmg description is based 
entirely on work m the California can- 
yons, which have been particularly well 
exploied, but there is no leason to be- 
lieve that these canyons are unusual. The 
available information indicates that 
coastal submarine canyons are virtually 
the same the woild ovei. Therefore we 
aie piobably not making a mistake m 
applying this localized infoimation to a 
general analysis of the canyon problem. 

Applying the knowledge obtained 
hom the California investigations, let us 
considei the various hypotheses sug- 
gested foi the formation of submarine 
canyons. Fust, the theoiy that they were 
ci eated by rifting 01 faulting of the earths 
ci ust is unsatisfactory foi many reasons, 
it is not now seriously considered by 
geologists Typical fault valleys, such as 
Death Valley, have relatively straight 
walls and broad, flat floors. They lack 
the branching tributaries, the V-shaped' 
cross sections and the winding courses 
that typify both the submarine canyons 
and the land canyons. 

If submarine springs were important 
in the formation of canyons, there should 
be many deep basin depressions along 
the courses of the canyons and they 
should have walls consisting to a consid- 
erable extent of cavernous limestones. 
Nothing of this sort has been found m 
the exploration of submarine canyons. 
Furthermore, the conditions allowing 
active submarine watei circulation ap- 
parently do not exist in most areas where 
submarine canyons have been found. 

The great sea waves, known popularly 
as tidal waves and by scientists as 
tsunamis or seismic sea waves, have a 
poweiful erosive effect on the shores 
that they strike at rather rare intervals. 
According to long-established laws m 
wave mechanics, however, the violence 
of these waves must decrease rapidly 
with increase m depth, so that only ex- 
tremely small currents could be expected 
at the great depths to which submarine 
canyons have been traced. Moreover, 
the canyons represent depressions in the 
sea floor, whereas tidal waves are known 
to produce their maximum effects on 
underwater elevations and minimum ef- 
fects in depressions. As a clinching fact, 
in the belts where tidal waves are most 
common, submarine canyons are rare. 

The idea that muddy water can run 
down submarine slopes and cut canyons 


has been held by a considei able number 
of geologists In fresh-water lakes, cur- 
lents of muddy watei aie known to flow 
down the fronts of deltas being built up 
by rivers. These cui lents, known as den- 
sity currents or more pioperly as suspen- 
sion currents, are due partly to the greater 
density of the coldei water of the entei- 
mg nveis and paitly to the sediment 
load they cany. Yet eyen m lakes the sus- 
pension cunents fail to pioduce erosion 
They inhibit somewhat the deposit of 
sediments on the deltas, but the shallow 
channels that lesult from this slower rate 
of deposition aie a fai cry from the 
submarine canyons thousands of feet 
deep which are cut into solid rock. And 
m the ocean, as we have noted, the in- 
flowing rivei water is not heavier but 
lighter than sea watei , so it does not flow 
down the slopes. 

E aie thus left with only one hy- 
pothesis, namely, that the areas 
where the canyons aie found were once 
above watei and weie eroded by nveis 
in the same way as the piesent land can- 
yons. Theie aie many reasons for believ- 
ing that riveis are the cause The almost 
perfect lescmblance between the river 
canyons of the land and those of the sea 
flooi is a powerful argument by itself. 
The extension of the heads of a consider- 
able number of submaime canyons into 
the long arms of the sea at the mouths of 
nveis is inexplicable under any hypoth- 
esis except that ol liver eiosion, as even 
the authors of othei hypotheses admit. 

Perhaps the stiongest evidence is the 
fact that many of the largest submarine 
canyons are found off the mouths of 
large rivers. Foi example, the largest 
canyon m the Gulf of Mexico is located 
off the Mississippi Delta. One of the 
largest canyons off the U. S, West Coast 
lies directly off the mouth of the Co- 
lumbia River. A huge canyon extends 
into tire bay at the mouth of the Congo 
River m west Africa, and canyons aie 
found off the deltas of the two larg- 
est livers of India, the Ganges and the 
Indus. 

If the liver-erosion hypothesis is cor- 
iect, there has been an enormous sub- 
mergence of the borders of the conti- 
nents in what is considered geologically 
as a relatively recent period. Hence one 
should expect to find many other indi- 
cations of this submeigence besides sub- 
marine canyons. This expectation is defi- 
nitely fulfilled. For example, off southern 
California there is a senes of islands 
separated from the mainland by wide 
channels from a thousand to several 
thousand feet deep. Among the animals 
on these islands are such mammals as 
foxes, which could scarcely have crossed 
the intervening water areas. Many of 
these island animals are slightly different 
from their mainland relatives, and are 
therefore classified as endemic species 
or subspecies. Their special characteris- 




tics indicate that they have been sepa- 
lated from the mainland populations foi 
a considerable period, piobablv many 
thousands of yeais II these islands once 
had land connections with the mainland, 
as the piesence of the animals indicates, 
the land elevation required would be 
sufficient to support the theory that the 
submerged canyons off southern Cali- 
fornia were cut by nveis. 

Dredgings from banks and sea moun- 
tains with summits thousands of feet 
below the present sea level have yielded 
lounded cobbles. Clearly this rounding 
must have taken place when these deep 
submarine mountains were exposed to 
the full force of breaking waves. Less 
diiect evidence comes fiom the deep, 
flat-topped sea mountains, or guyots, 
which have been found in large numbei s 
m the Pacific and less commonly m the 
Atlantic. These flat surfaces suggest that 
the tops of the mountains were once at 
or near the surface so that their peaks 
were worn off by waves 01, m the case 
of some of those found in the tropics, 
became the site of coral-bank formation. 
There is as yet no good evidence of the 
age of these banks. 

Another type of evidence of great 
submeigence, which may 01 may not 
have any 1 elation to submarine canyons, 
has been found m the coral atolls. In all 
of these m winch deep di filings have 
been made, the material underlying the 
atolls has been found to contain shallow- 
water organisms very like those now 
found eithei m the encn cling reefs 01 
in the lagoons within the leefs. 

In view of the accumulating evidence 
of gieat submergence which is so clearly 
indicated by the world-wide distribution 
of the submarine canyons, we are 
forced to conclude eithei that this evi- 
dence is all very misleading or that tre- 
mendous changes have actually taken 
place. It is possible that all or most of 
these changes have been due to shifting 
sea levels. To be sure, it is difficult to 
find any way to get rid of the vast 
amount of sea water that is demanded 
by a subsidence of the oceans of such 
dimensions. Could the glaciers of the 
Ice Age have been big enough to take 
care of a large part of the oceans by 
piling up the water on the land to the 
height of many miles? Most geologists 
doubt it. Yet even tins radical idea may 
prove to be the explanation. Alternative- 
ly, one might conceive that the conti- 
nents and ocean basins have undergone 
vast shifting movements that temporar- 
ily exposed the margins to river erosion. 
The implications of these ideas are revo- 
lutionary. They may lead to radical 
changes in supposedly well-established 
geological concepts. 


Francis F. Shepard is professor of 
submarine geology at the S crivps 
Institution of Oceanography. 



CLIFF cut into an alluvial formation at the head of La Jolla Canyon is almost 
verLieal. This photograph and the photograph below were made by a diver ex- 
ploring bottom under direction of the Scripps Institution of Oceanography. 



ROCK WALL of the Scripps Canyon is photographed from the canyon floor. 
At the bottom of the photograph is an accumulation of kelp and eel grass. 
The round holes which appear in the rock were made by boring organisms. 
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How the imaginative Hellenic philosophers found 
the solar system and then lost it is one of the 
enthralling stories of early scientific thinking 

by George de Santillana 


T HE Greeks aie a fascinating people 
to study because they were ingen- 
ious. As scientists they possessed 
little equipment except their imagina- 
tion, logic and vast curiosity; with these 
gifts they managed to clear away much 
of the rubbish of primitive mythology 
and begin mans first intelligent and sys- 
tematic thinking about the universe. And 
of all episodes in the protracted but ex- 
citing birth of science none is more en- 
lightening than the curious stoiy of the 
Greeks 1 attempts to explain the astron- 
omy of the Eaith and its companion 
solar system. 

The study of astronomy did not, of 
course, originate with the Greeks. The 
Egyptians and Babylonians had mapped 
the heavens and even charted the courses 
of the planets, but they were observers 
rather than analysts; they were content 
to describe the heavenly sphere as a 
canopy of fixed and moving stars with- 
out troubling themselves about the 
mechanism that regulated it. The Gieeks 
from the start tried to explain, or, as 
they said, to ‘render account.” 

Curiously, until the Homeric period 
and even beyond it they ignored the 
planets, the “wanderers.” Unlike the 
men of the East, who were searching for 
signs, the Greeks were immune to astrol- 
ogy until very late in their history. They 
brought to the skies the practical inter- 
est of farmers and sailors. They used 
the stars for navigation, and they knew 
from the rising and setting of the con- 
stellations the times for sowing and for 
harvest, foi setting out to sea and for 
putting up their boats. Their earliest 
efforts to account for the cosmos were 
naturally in terms of mythology. From 
Erebus— Darkness or Old Night— were 
born Aether and the Day. From Chaos 
were bom the Earth and Eros, the most 
beautiful of the gods. The Earth bred 
the Mountains, the Sea and Uranus, the 
Sky. The mating of Earth and Sky pro- 
duced the first mortals— the Titans and 
Cyclops* Other early seers pictured the 
Earth as a great Tree of Life floating in 
the skies, decked with the shining mantle 
of die starry night; still others spoke in 
colored words of the great Egg from 


which all things weie bom. These poetic 
explanations weie not very different 
fiom the Hindu cosmologies, which held 
that the Earth was boine on the backs 
of 12 great elephants that stood on the 
back of a turtle swimming m the univer- 
sal sea. Such was the normal thinking of 
all antiquity as it emerged from its pri- 
meval dreams. 

The first assay at a rational theory 
was made by the sage and statesman 
Anaximander, who m about 550 B.C 
suggested the daring idea that the Earth 
was at the center of the world, poised m 
a void, because, as he said, there was no 
reason for it to fall one way more than 
another. The great ideas that were to 
shape Greek astionomy and mathe- 
matical physics were formulated half a 
century later by Pythagoias and his 
pupils. They aigued that the stars 
obeyed the laws of numbers and that 
their courses must satisfy the require- 
ments of geometrical beauty. All heaven- 
ly bodies must move in perfect ciicles 
at a uniform rate, for that was the only 
motion befitting their eternity and per- 
fection. 

T HE WILD, free imaginations of the 
Pythagoreans helped to liberate and 
stimulate Greek thinking about the “cos- 
mos”— meaning beautiful order. To one 
Pythagorean, Okellus of Lucania, we 
owe the prophetic idea that “the stars 
must be worlds like ours with animals 
and plants on them and possibly even 
people.” The century or so after Pythag- 
oras' death harvested some of the great- 
est discoveries of the Greek mind: the 
creation of logic, the corroding criticism 
of the Sophists, the subtle paradoxes of 
Zeno explaining continuity and the rela- 
tivity of movement, the theory of a world 
made up of nothing but “atoms and the 
void.” 

By Socrates' time, about 450 B.C., 
Philolaus the Pythagorean had come for- 
ward with the first coherent theory of 
planetary motions. Philolaus introduced 
the idea that the planets moved across 
the heavenly sphere in a sense retrograde 
ot contrary to that of the sphere as a 
whole. His scheme pictured the Sun and 


the planets 1 evolving in concentric cir- 
cles beneath the heavenly canopy. 

Combining sound scientific reasons 
and metaphysical intuition, Philolaus re- 
sisted the impulse to put the Earth at the 
immovable centei of things. He found it 
unthinkable that our messy Earth should 
be at the center of all this perfection. 
Only pure File, of the same nature as 
the heavenly Fire, was a fit center for 
the cosmos, and the Earth, like the other 
planets, i evolved aiound the Central 
Fire in a period of 24 houis. As a body 
m the heavens, wlieie roundness is the 
mle of perfection, the Earth of course 
was round, as Pythagoras had suggested, 
and this explained the roundness of its 
shadow m eclipses of the Moon. 

Yet there was a flaw in the perfection 
that had to be explained. In the Pythag- 
orean arithmetic, the sacred number was 
10. Even including the Earth as a heav- 
enly body, the cncles in the system 
added up to only nine. Hence the Py- 
thagoreans had to postulate the existence 
of an additional planet, closer than the 
Earth to the Central Fire and similarly 
endowed with a period of 24 hours. 
The Earth always showed the same face 
to the Central Fire, and since this face 
was the antipode to the inhabited side of 
the Earth, both the Anti-Earth and the 
Central Fire were invisible to us. 

Such was the strange mixture of sci- 
ence and fantasy that constituted the 
first human attempt to picture the solar 
system. Some of Philolaus' immediate 
successors seem to have tried to reduce 
the system to greater scientific simplicity. 
But even with its modifications the Py- 
thagorean system, m all its perfect 
roundness, did not fully convince the 
Greeks. They had observed, for instance, 
that the Sun and the planets did not 
move uniformly m perfect circles. Un- 
able to bring themselves to abandon the 
symmetry of the circle, they attempted 
to rationalize the problem. Thus Plato 
put the question in this form: “What are 
the circular and perfectly regular move- 
ments which we should suppose so as to 
be able to save the appearances pre- 
sented by the wandering stars?” En- 
deavoring to answer his own question. 



he built one of the most fascinating and uniform components. One was a 24-hour Sun, which m turn i evolves around the 

complicated models that a metaphysi- lotation of the skv as a whole; the other Eaith. This theory, however, left the be- 

cian could imagine, mixing up astronomy three were equivalent to a lemmscate havior of such a* planet as Mars unex- 

witli his theoiy of the soul (shaped like the hguie S King on its plained We do not know who tackled 

side) earned around on the plane of that more difficult problem, but it seems 

M EANWHILE, professional mathe- the zodiac. This figuie-S tiack accounted to have been the Pvthagoieans of that 

maticians among Plato s friends for all the vaneties of the observed time Their idea was this: Mars moves m 

sought a puiely mathematical theoiy to planetaiv movements, but his “homo- an orbit eccentnc to that of the Eaith, 

account for the planetary movements. centne” system as a whole, consisting and its greatest splendor occurs when it 

The gieatest of them was Eudoxus, the of five planetaiy s\ stems of spheres that is m opposition to the Sun and nearest to 

author of the fouith book of Euclid and fitted inside one another, defied any the Earth Because the oppositions of 

famed for his mtiocluction into geometry matenal representation, foi the 24-hour Mars do not always take place m the 

of what we now call mathematical ngoi. revolution of the skies could not be same section of the zodiac, the center of 

Eudoxus knew that the planets descubed tiansmitted mechanically to the mner its oibit must shift around ( veiy much 

paths upon the sky that looked moie like spheies. as a cam revolves on a camshaft m a 

the curlicues of a cosmic Saul Stembeig Anew idea was needed. That idea was modern machine). The center of Mars’ 
than like precise geometrical drawings. supplied by a philosopher little known eccentric oibit seemed to be always in 

He set out to master the pioblem by an to us but highlv esteemed among his the direction of the Sun. Why not, then, 

expenditure of geometrical ingenuity contemporaries— Heraclides of Pontus. identify this center with the Sun itself? 

that has rarely been equaled. His sys- He noticed that Mercury and Venus, un- And it Mars, as well as Venus and Mor- 
tem, when he completed it, had no re- like the other planets, have a strange cury, moved around the Sun, why not 

semblance to any mechanical model ever habit of never getting very far fiom the the other planets too. even if their eccen- 

made on earth. The movement of each Sun. Pie suggested, therefore, that those tricities were less observable? 

planet was composed of four cncular, two planets actually revolve around the The solar system— or rather, a solar 



PTOLEMY’S SYSTEM, depicted here in a medieval 
drawing, had Earth at its center with other planets an 
Sun circling it. In successive orbits outward are t ae 


Moon, Mercury, Venus, the Sun, Mars, Jupiter, Saturn. 
Though not quite satisfactory, this scheme seemed to 
account for observations of planet motions in the sky. 


45 







PHILOIAUS’ SYSTEM, first attempt to explain the CRYSTAL SPHERES theory, suggested later, held that 
universe, showed spherical Earth revolving around the Sun and planets were carried on revolving, trans- 
Central Fire, with Anti-Earth ( Anticlitlion) to round parent crystal shells, which turned in concentric circles 


out perfect Pythagorean number of 1C 

system— had been born. Of course it was 
a solar system m which the Sun still re- 
volved around the Earth. The system did 
not look very rational on paper; .it cer- 
tainly did not look elegant enough to 
satisfy the Greek instinct for symmetry 
The system was tangled up in a confused 
mesh of movements, the inner planets 
described epicycles centered in the Sun, 
the^outei ones, eccentrics which threw 
loops around the Earth. The whole thing 
was distasteful to the official schools of 
philosophy and to file mathematicians. 

Yet the problem was ripe for a simple, 

, daring answer, and the Greek imagina- 
tion did not fail to find it. The answer 
was suggested by Aristarchus of Samos. 
The apparent difference in the orbits of 
the inner and outer planets, he said, is 
simply one of observation. The inner 
planets clearly revolve around the Sun; 
the orbits of the others are less clear only 
because their radii are greater than the 
distance of the Sun from the Earth. Aris- 
tarchus had calculated by geometrical 
methods that the diameter of the Sun was 
about six to seven times as great as that 
of the Earth, which meant that the Suns 
volume was some 300 times that of the 
Earth. Even without any knowledge of 
gravitational dynamics," it must have 
seemed unnatural that the larger body 
should revolve around die smaller one. 
What if the distance of the Earth from 
the Sun is really the radius of the Earth's 
orbit not the Suns? Then, said Aristar- 


heavenly bodies. around the Earth 

chus, the Earth would find its natural 
place as a planet between Venus and 
Mais, where we would expect it to be. 
Simplicity is regained, common sense is 
re-established, and theie is nothing but 
a series of concentric circles around die 
Sun, with only the Moon left revolving 
around the Earth. 

S O HERE was the Copernican system, 
published in the year 270 B C., IS 
centuries betoie Copernicus. Had the 
Greeks accepted it, no one can know 
what die consequences might have been 
—for science, for politics, or for Christi- 
anity, But Aristarchus had made his sug- 
gestion at the wrong time. If the limpid 
Pythagorean concentric circles had still 
been considered adequate, Greek astron- 
omers might have given in. But they 
knew already that the circles could not 
be as concentric as the Pydiagoreans 
had supposed. New observations had 
changed the shape of the orbits. 

To begin with, it was now realized 
that the distance of the Sun from the 
Earth was not constant, for measure- 
ments had shown that the apparent 
diameter of the Sun varied with the sea- 
sons. Furthermore, the orbits of the 
planets had been found too erratic to be 
described by perfect concentric circles. 
Above all, an apparently conclusive ob- 
jection was voiced by Archimedes, a 
younger contemporary of Aristarchus. 
Archimedes liked to deal with big num- 


as the center of the entire system. 

beis, and he had noticed, as had most of 
his contemporaries, that the univeise of 
Anstarchus needed very big numbers in- 
deed : it had already beeii estimated that 
the distance of the Sun from the Earth 
was ceitainly greater than 14,000 earthly 
diameteis. If the Eaith described so 
large a cucle around the Sun, then at 
different places in its orbit small shifts 
in the relative positions of the fixed stars 
should be obseived. But no such shifts 
could be detected. This is not surpnsing, 
for the Greeks had no instrument capa- 
ble of ‘ measuring these tiny displace- 
ments. The parallax of the nearest visible 
fixed star, Alpha Centauri, which was 
not measured until 1830, rs only .756 
seconds of aic. 

Aristarchus actually guessed the rea- 
son for the failuie to detect these shifts: 
namely, the great distance of the stars 
from us. He said: “The circle of the 
Earth’s orbit is so small with respect to 
the sphere of the stars that the whole 
orbit is in the same relation to the heav- 
enly sphere as the center is to the circum- 
ference.” Archimedes, making no effort 
to understand what Aristarchus could 
have meant by this statement, dismissed 
it as nonsense, on the ground that a cen- 
ter obviously could have no dimensions. 
The idea of a solar system lost in the im- 
mensity of the heavenly void was unac- 
ceptable to his Greek sense of fitness and 
proportion. Why postulate this unheard- 
of, absurd infinity? Infinity was a concept 
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EPICYCLE THEORY was devised to explain varying 
distances of planets from tlie Earth. As they traveled 
in their main orbits, called "''deferents,” the planets also 
revolved in the shifting smaller circles called epicycles. 


ECCENTRIC SYSTEM was another attempt to solve 
same problem. It accounted for the retrogression of the 
planets, but it dissatisfied many of the Greeks because 
it displaced the Earth from the exact center of the circle. 


abhorrent to the Greeks, they identified 
it with something that was not good 
enough nor formed enough to have a 
shape and a definition. Aristaichus’ guess 
was too mci edible to be accepted by 
Greek opinion of the time. 

Aristaichus had just come too late. 
The great creative period of Greek 
thought was over. The last Pythagoreans 
had become numerologists and magic- 
mongers, The most popular schools of 
philosophy— the Stoics, the Epicureans 
and the other moralists— had little inter - 
est in science. Their teaching was aimed 
mainly at helping men to save then self- 
respect m an increasingly meaningless 
world. Great kingdoms had been born 
from Alexander’s conquests. Oppressive 
state machineries and threatening world 
wars directed men’s thoughts to the only 
reasonable hope— the One World idea of 
the time. It was soon to come, in the shape 
ot the Roman Empire, and with it a fro- 
zen stillness, the absolute zero of thought. 

T HERE WAS still, of couise, good 
special science. Greek antiquity had 
its equivalent of Tycho Brahe, the great 
16th-century observer whose observa- 
tions provided the foundation for Kep- 
ler’s laws of planetary motion. He was 
Hipparchus of Bithynia, who came a 
century after Aristarchus. He set up a 
catalogue of 1,120 stars, observed the 
first certified nova in history, invented 
the first trigonometry, built an instru- 


ment (called the dioptra ) which was 
something like a modern transit without 
a telescope. He restricted himself to 
making observations for a more precise 
description of the Earth-centered sys- 
tem. He seems to have had a working 
scientist’s distrust for all philosophical 
assumptions. If you had asked him 
whether the system was “true,” he would 
have answered, with slightly raised eye- 
brows, that the question made no sense 
—all that counted was that it “worked.” 

And work it did, at the price of further 
and further complication. By the time of 
Ptolemy, the last great ancient astrono- 
mer (140 A.D.), all pretense of sim- 
plicity had been abandoned. Yet the 
unwieldy complexity of the Ptolemaic 
system should not obscure the strictly 
scientific nature of the work on which it 
was based. When we are tempted to 
smile at the Greeks’ epicycles, we should 
remember that in our astronomical the- 
ory we are using not a baker’s dozen of 
them, as the Greeks did, but hundreds 
and thousands. They are tucked away in 
a line of calculus, under the name of 
periodic terms— which apparently makes 
them less embarrassing. 

The Greeks had a clear idea of the 
task of mathematical analysis, even 
though they had only one instrument 
with which to implement it— simple 
geometry. What they were able to ac- 
complish with their little circles can be 
seen by comparing the modern data for 


the greater semiaxes of the planetary 
orbits, that is, the maximum distances of 
the planets from the Sun, with the cor- 
responding numbers in Ptolemy. In the 
Ptolemaic system these computations are 
expressed as the ratios of the radii of the 
epicycles to those of the deferents. The 
comparative figures, with the Earth’s 
greater semiaxis taken as one, are: 


Mercury 

Modern 

0.387 

Ptolemv 

0.371" 

Venus 

0.723 

0.719 

Mars 

(5)0.656 

0 658 

Jupiter 

(5)0.192 

0.192 

Saturn 

(i 10.105 

0.108 


The Ptolemaic system remained frozen 
for 14 centuries, until Copernicus, re- 
discovering and drawing upon the then 
dim traditions of Aristarchus and the 
earlier Pythagoreans, found the courage 
to challenge it, Copernicus’ theory also 
might have been sidetracked, bad not 
Galileo come along to confirm it with his 
telescope and his system of dynamics, 
which had its origin in his rediscovery 
of Archimedean mechanics. So the solar 
system, once found and lost by the 
Greeks, was found again. 


George de S antiliana is associate 
professor of history at the Massa- 
chusetts Institute of Technology . 
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TITANIUM: A NEW METAL 


Nearly as strong as steel but only half as heavy, 
it will soon join iron and aluminum, metallurgists 
believe, as one of the three most important metals 


by George A. W. Boehm 


T ITANIUM is a rather common ele- 
ment that has been known for more 
than 150 yeais. It is the ninth most 
abundant element m the earth’s ciust— 
more than 20 times as common as car- 
bon, more plentiful than lead, copper, 
tin and half a dozen other metals com- 
bined, outranked among the metals only 
by aluminum, iron and magnesium. Yet 
as a useful metal titanium has been dis- 
covered only within the past decade. 

It now seems to he on the threshold of 
a brilliant career. Pme titanium is a sil- 
very metal which looks and behaves 
like stainless steel, but is little more than 
half as heavy. It is much lighter than 
iron, much stronger than aluminum, al- 
most as rustproof as platinum. Although 
it is not pieeminent m any single quality, 
it combines the best features of many 
metals; like an Olympic decathlon cham- 
pion it is outstanding in all-round ability. 
The metal has certain drawbacks: it will 
never be as cheap as steel, and its re- 
fining, casting and fabrication present 
difficulties. But its combination of light 
weight and strength and its exceptional 
resistance to corrosion make it ideal for 
a great variety of uses, from pen points 
to engines and aircraft frames. Metallur- 
gists and engineers believe that titanium 
will soon become one of the world’s most 
important metals. 

Titanium is a “new” metal because it 
has only recently been refined sufficient- 
ly to reveal its properties. It is still being 
produced only on an experimental basis, 
at the rate of a few hundred pounds per 
day. But the metal is under investigation 
m some 100 laboratories, and the in- 
vestigators are almost uniformly en- 
thusiastic about its possibilities. Their 
studies of course include the alloying of 
titanium with other metals. Since pure 
titanium is comparable in strength and 
wearing qualities with stainless steel, its 
alloys should be truly remarkable. 
Titanium will not replace iron or alu- 
minum, but it will bodge the gap be- 
tween them. The three metals will form 
a complementary trio. Iron and steels 
are strong and cheap, but not light. Alu- 
minum alloys are fight and cheap, but 
not particularly strong. Titanium alloys 
will be fight and strong, but not cheap. 

*; . 


Thus titanium will be leserved foi the 
many applications m which its excep- 
tional combination of qualities out- 
weighs puce considerations. 

T ITANIUM was discoveied m 1791 
by William Gregoi, an English 
clergyman and amateur chemist, who 
identified compounds of the metal m the 
black sands of Cornwall. A few years 
later the German chemist Martin Hein- 
rich Klaproth, now famous as the dis- 
coverer of uianium, lediscovered Greg- 
oi ’s element m an ore called rutile 
He named it titanium after the Titans, 
who m Greek mythology were the sons 
of the Earth. 

The richest ore of titanium is a black 
oxide mineral called llmemte, aftei the 
Ilmen Mountains in Russia. llmemte is 
also uch in iron. For hundreds oi years 
this ore had been mined in the Ilmen 
Mountains for its iron, the titanium be- 
ing discarded as an unwanted impurity. 
But at about the end of the 19th cen- 
tury the first use was found for the ele- 
ment. The aluminum and steel indus- 
tries began to employ extremely small 
amounts of rather impure titanium as an 
alloying ingredient. In this form titan- 
ium was so brittle that it bore a closer 
resemblance to rock than to metal. A 
fraction of one per cent of titanium was 
found, however, to refine the crystal 
stiuctuie of some steels and aluminum 
alloys, thus endowing the metals with 
greater toughness. 

A more important use, which gave 
birth to a new industry, was discovered 
in 1908. Dr. A. J. Rossi of the Titanium 
Alloy Manufacturing Company pre- 
pared some white titanium dioxide 
(Ti0 2 ) and mixed it with vegetable 
oil to make a white paint. He found that 
the compound made an excellent white 
pigment. In 1926 a process was de- 
veloped for manufacturing a pure grade 
of titanium dioxide, and industry began 
to take a great interest in the material. 
As a pigment it is outstanding for its 
opaqueness, or hiding power. One 
pound of titanium dioxide will cover a 
larger area than five pounds of fithopone, 
a very good pigment made of zinc and 
barium. Since die war titanium dioxide 


has increasingly replaced white lead, 
which is now hard to obtain. 

Titanium dioxide is also useful in con- 
serving paper When impregnated with 
this dense pigment, the thinnest grades 
of paper aie opaque and can be used 
for Bibles and an -mail stationery. Large 
amounts of it aie nibbed into rayon to 
dull its natuial gloss. Today the pioduc- 
tion of titanium dioxide m the U. S. is 
an estimated 225,000 tons a year. The 
material is so impoitant that it has le- 
cently been the subject of an antitrust 
older by the courts. 

The infant titanium metal industry 
as yet is only a tail on the kite of the 
pigment industiy. Chemists are still 
struggling with the problem oi lefinmg 
the metal. The mining of titanium ofiers 
no paiticular difficulties Rich deposits 
of llmenite are already being worked in 
New Yoik, Virginia and North Carolina, 
and certain black beach sands m Florida 
and Oregon are excellent sources of the 
element. Peihaps the most promising de- 
posits on the North American Continent 
are those in the Province of Quebec. 

In theory, the refining of titanium is 
simple enough. As worked out by Dr. 
Wilhelm Kroll, a metallurgist from Lux- 
embourg, the process involves separating 
titanium from its accompanying iron m 
impure oxide form, and ti eating it with 
chlorine to form titanium tetrachloride, 
a volatile liquid. This compound is then 
mixed m a closed iron chamber with 
metallic magnesium, which because of 
its greater chemical activity preempts 
the chlorine, reducing the titanium to 
the metallic state. The final step is to 
get rid of the magnesium chloride and 
any excess magnesium metal, either by 
evaporating them by beating in a 
vacuum or by washing the mixture with 
hydrochloric acid, which dissolves the 
magnesium. The process yields titanium 
in a gray sponge form, which is then 
melted and cast into ingots. 

In practice, however, titanium refin- 
ing is attended by problems at every step. 
The metal is bard to handle on heating, 
for at high temperatures it becomes ex- 
tremely active. It greedily absorbs oxy- 
gen and nitrogen from the air. And as 
little as one per cent of these gases utter- 



1 y destroys the ductility of titanium, ren- 
dering it as brittle as pumice. So at ev- 
ery stage of processing, titanium must 
be protected fiom air, either by a blanket 
of inert gas (e.g , helium or argon) or by 
a vacuum. Moreover, the step in which 
titanium tetrachloride is reduced with 
magnesium presents another difficulty. 
If the temperature is not carefully con- 
ti oiled and kept below 1,600 degrees 
Fahrenheit, the titanium attacks and dis- 
solves the walls of the iron reaction 
chamber. Control of the temperature is 
complicated by the fact that the re- 
action gives off a tremendous amount of 
heat, and titanium is a relatively poor 
heat conductor, thus it does not appear 
possible to draw off the heat fast enough 
unless small leaction chambers are em- 
ployed. This will probably restrict the 
production of titanium to 250-pound 
batches, unless a method ladically differ- 
ent from the Kroll process is devised. 

T HE most exasperating difficulty of 
all is that of melting the p miffed 
metal sponge to cast it. One metallurgist 
who has been struggling with titanium 
asserts that the problem of producing 
the pure metal at low cost is just that 
of melting it cheaply and in large quan- 
tities. Titanium melts at 3,140 degrees F. 
It is melted m an electric furnace, and 
of course must be handled in a vacuum 
or an atmosphere of inert gas. However, 
m its molten state titanium not only 
absorbs nitrogen and oxygen but dis- 
solves crucibles and furnace linings 
made of the common lesistant materials. 
Glassy oxide furnace linings such as 
aluminum oxide, which are used to hold 
other molten metals, are ruinous to titan- 
ium. Even the most stable of these ma- 
terials yield then oxygen to the avid 
metal. Current research on this problem 
pomts to dense carbon crucibles as the 
most satisfactory. Small quantities of 
carbon in themselves do titanium no 
great harm. But since the total amount 
of impurities that can be added to titan- 
ium without seriously impairing its duc- 
tility is strictly limited, another crucible 
material must be used when carbon is 
not to be a final constituent of the titan- 
ium alloy. 

The Battelle Memorial Institute of 
Columbus, Ohio, has developed a tech- 
nique for melting titanium without con- 
taminating it. The crucible is a copper 
hemisphere. The key to the success of 
this method is a bath of cold water sur- 
rounding the crucible, Metallur gists at 
Battelle have found that molten titanium 
does not wet cool copper, it stands aloof 
from the surface of the copper like wa- 
ter on a duck’s back. This method, how- 
ever, has certain difficulties, and some 
metallurgists doubt that its cost can he 
reduced sufficiently to make it generally 
applicable. 

Still another possible crucible mate- 
rial is thorium oxide. Like other oxides. 
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TITANIUM’S PROPERTIES, here compared with those of stainless steel 
and an aluminum alloy, make it an almost ideal metal for most purposes. 
Its usefulness will be limited only by cost and some difficulties in producticuj. 
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the material contaminates the molten 
titanium, but m this case the contamina- 
tion may prove to be welcome, foi pre- 
liminary tests indicate that a tiace of 
thorium greatly reduces titanium’s un- 
seemly appetite loi oxygen 

Once it has been melted and cast into 
ingots, titanium need no longei be kept 
in a vacuum. It can without difficulty be 
forged, ho t-i oiled, cold- worked, drawn 
into wire, evtiuded as tubing, or ma- 
chined. When it is kept above about 
1,300 degrees F , however, titanium 
must be sheathed between sheets of steel 
to keep it from absorbing oxygen and 
mtiogen. In general it is handled like 
other metals; indeed, its mechanical 
properties are so similar to those of stain- 
less steel that it can be fabricated with 
the same equipment with only minor 
adjustments. After prolonged heating, 
titanium acquires an extremely hard, 
black surface scale which must be re- 
moved by grinding with carbide tools, 
but otherwise it is no more difficult to 
drill and cut than stainless steel. While 
no way has been found to hi aze or solder 
titanium or to weld it to metals other 
than itself, the metal has excellent shear 
strength Thus titanium rivets are stiong, 
and rivet holes m sheet titanium also 
hold their shape under great stress 
But it is on titanium’s alloys that 
metallui gists pin their hopes. Theie is 
good reason to believe that these alloys 
will be as far superior to pme titanium 
as special steels are to iron. The metal 
is presently being blended with virtu al- 
ly every other element m the periodic 
table. The results so far are fragmentary, 
but one positive statement can be made* 
alloys for structural use will all be ti- 
tanium -rich, containing not more than 
about 10 per cent of other elements. 
This limit is necessaiv because the duc- 
tility of titanium is so sharply reduced 
by any other substance. 

T HE, first large-scale use of titanium 
will probably be in the aircraft in- 
dustry. Because the light metals alu- 
minum and magnesium lose their 
strength at temperatures much above 
350 degrees F., aircraft designers must 
, lise more and more steel in modern high- 
| speed planes. Yet evei v pound of extra 
F weight adds an estimated $25 to $250 
to the fuel cost during the life of the 
plane. Wheiever titanium replaces steel, 
it can cut the weight by 40 per cent. 
On this basis titanium in planes would 
be economical at two or three times its 
present cost. 

Titanium is strong and elastic up to 
about 800 degrees F. Above that point 
it weakens rapidly, and prolonged ex- 
posure to temperatures greater than 
LOGO degrees causes the metal to soak 
up embrittling oxygen and nitrogen. It 
should be possible, however, to alfov 
titanium so that it will behave better at 
high temperatures. Some success in this 
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chiection has aheach been achieved 
Ironicalh it has been found that ti- 
tanium’s peiformance at high tempera- 
tuies is gieatlv enhanced by alloying it 
with small amounts of aluminum. Ti- 
tanium has a low coefficient of thermal 
expansion— about half that of most 
steels. It also letains its strength and 
flexibility at subzero temperatures, an 
impoitant considei ation m high-flying 
amplanes. 

Titanium has already been suggested 
for a wide variety of othei applications 
m industry and consumer goods. Its re- 
sistance to expansion and conti action 
makes it useful for precision parts m in- 
struments, it will stay within pi escribed 
tolerances over a wide tempeiatuie 
range. Because it can be surface-har- 
dened to a lemarkable degree, it is an 
ideal material for spindles m cotton 
mills, where the continuous rubbing of 
thread rapidly erodes most metals ex- 
cept haidened steel, which is heavy and 
consumes a great deal of power Ti- 
tanium is impervious to the most coi- 
rosive foods— cider, vinegar, onion juice, 
pineapple juice, lard, tea, coffee, gi ape- 
fruit juice— and so it is a promising can- 
didate foi pipes and tanks m food pioc- 
essmg plants Many of the strongest 
acids and alkalis, even when hot and 
concentrated, have no effect on titanium. 
There is a strong possibility that 'its re- 
markable ineitness will make titanium 
suitable as a replacement for bone and 
cartilage m medicine. Seveial surgeons 
aie now testing titanium’s biological ac- 
ceptability by implanting the metal m 
living bodies. If muscular tissue adheres 
to the metal and no irritation is set up, 
titanium may replace tantalum and sil- 
ver for this purpose* Titanium’s light 
weight should be a great asset m this 
application. 

Some enthusiastic naval officers envi- 
sion an entire battleship built of titani- 
um. The Navy is perhaps titanium’s 
most aiclent admirer, for the very good 
reason that titanium has a truly amazing 
resistance to salt-water corrosion. The 
results of one experiment show why the 
Navy is excited. A sheet of titanium was 
hung half-submerged in the -ocean and 
buffeted by a thin, fast jet of sea water. 
After two months of this rough treat- 
ment, the titanium was i amoved. The 
experimenters had neglected to mark the 
piece of metal, however, and the titani- 
um was so clean that they were unable 
to tell on which side the jet had played. 
All other metals except platinum and 
Hastelloy C disintegrate during this test, 
and the Navy is not anxious to rely on 
.Hastelloy C, which is composed largely 
of the critical metals nickel and chrom- 
ium. 

Alloy research on titanium is ham- 
pered by uncertainty because of the 
slight impurities present m the “commer- 
cially pure” metal. Variations of the 
KroU process followed by careful melt- 


ing yield 99 5 per cent pure titanium 
But the metal’s pioperties are so gieatly 
alteied by the little lemaming non, man- 
ganese, oxygen, mtiogen and hydiogen 
that metallurgists must turn to an even 
puiei foim in ordei to isolate the effects 
of added alloying mgiedients. For re- 
search purposes they have lefined it to a 
form known as iodide titanium which is 
more than 99.99 pei cent pure It is 
made by plating titanium from titanium 
iodide vapor on an incandescent tung- 
sten wire. Iodide titanium vanes m price 
from about $200 to loughly $3,000 a 
pound, depending on the difficulties en- 
countered m a month’s piocessmg. The 
iodide process is important for metal- 
lurgical lesearch, but as an mdustnal 
production method it is out of the ques- 
tion. 

T ITANIUM’S chemical activity is its 
greatest weakness and at the- same 
time one of its most attractive propeities 
Its suicidal affinity for gases when hot, 
and for vntually eveiy thing when 
molten, makes titanium mlieiently diffi- 
cult and expensive to process On the 
othei hand, its inertness when cool will 
enable titanium to replace aluminum, 
magnesium and even stainless steel for 
many pm poses. 

The eccentiic behavioi of Titanium 
can lie explained lathei simply It is 
actually an active chemical element, m 
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a class with aluminum and magnesium. 
This accounts for the activity obseived 
when the metal is hot or molten. When 
cooled and exposed to air, however, 
titanium acquires a thm, invisible coat- 
ing of oxide and nitride which serves as 
an inert, impermeable chemical armor. 
Aluminum and magnesium are pro- 
tected by passive coatings of the same 
type. Since these metals are purified by 
electiolysis and m commercial piactice 
are never m the molten state, their 
natural chemical activity poses no prob- 
lem. This indicates that any improved 
process which may be devised for purify- 
ing titanium will be electrolytic 

E. I. du Pont de Nemours & Company, 
the first industrial organization to pro- 
duce ductile titanium, sells the metal 
m sponge form for $5 a pound m 100- 
pound lots. Hundred-pound ingots cost 
$7 50 a pound. Even when mass pro- 
duction gets under way, piobably m 
the early 1950s, the price is not expected 
to fall below $1 a pound for many years. 
Kroll process titanium will cost some- 
wheie m the range of 60 cents to $1 25, 
when the metal reaches full commercial 
statui e A standard stainless steel, with 
18 pei cent chromium and eight pei cent 
nickel, sells for about 35 cents a pound, 
but on the other hand special steels bring 
as much as $3. Titanium's weight advan- 
tage is a vital factor m the price picture, 
for $1 titanium will be on a par with 60- 


eent steel. And the fact that titanium 
and iron go hand in hand m nature will 
make it economical to exploit low-grade 
oi es to the advantage of both metals 
Titanium today is m the position held 
by aluminum at the turn of the century 
Although metallurgists and engineers 
foresee a brilliant future for this new and 
exciting metal, they can no more foretell 
its ultimate applications than men 50 
years ago could predict the use of alumi- 
num m automobile motors and aircraft. 
It is reasonable to assume, howe\ er, that 
in this age of close-knit technology ti- 
tanium will grow toward commercial 
maturity at a far more rapid pace than 
aluminum. The rate of development of 
the titanium industry, compared with 
that of the aluminum industry, probably 
will be pioportional to the development 
of atomic energy compared with the 
sluggish eailv pi ogress m electricity 7 . 

Titanium is onl\ the fiist of several 
chemical elements scheduled to make 
then debuts as metals within the next 
few years. Another is zncomuni, which 
is now ready for commercial develop- 
ment, It is heavier than titanium, but 
even more lesistant to corrosion and high 
temperatuies Boron, vanadium, and 
silicon, the latter the earths most plenti- 
ful element, also show some promise as 
structural materials 

All of the new metals have one thing 
in common abundance Their ad- 


vent as useful metals repiesents some- 
thing new m metallurgy Many re- 
sources of the convenient, easy-to-proc- 
ess metals, such as lead, tm. zinc and 
copper, are running low Faced with 
shortages that were brought to a head bv 
the lavish wartime expendituie of ma- 
terials, we are forced to turn to un- 
fannliai metals, which are fortunately 
plentiful. 

Much of the development of titanium 
and the other new metallurgical candi- 
dates is due to the foresight of the U. S. 
Buieau of Mines In 1935 the Bureau's 
Metallurgical Diusion unclei Dr. Regi- 
nald S Dean embarked on a program 
with two objectives, to develop methods 
of processing low-grade ores, and to 
evaluate the worth of abundant but lit- 
tle-known metals This research has al- 
ready accumulated dividends that we 
may be able to begin collecting in the 
near future. 

Among the new metals titanium has 
now arrived, and others will swiftly fol- 
low in its footsteps. It is entirely possi- 
ble that in years to come, this new race 
of metals will vntually dispossess all of 
today’s common metals with the ex- 
ception of aluminum, iron, and mag- 
nesium. 


George Boehm is radio editor of 
the American Chemical Society. 
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titanium. The ore is plentiful in the U. S. Ilmenite ful. This mine also produces the rich iron ore magnetite. 
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THE EVOLUTION 
OF SEX 


Has it outlived its usefulness to the species 
Homo sapiens? A biologist speculates on the 
origin and significance of the two- sex system 

by Paul A. Zahl 


T HE FIRST living things apparently 
were single-celled microbes that 
floated in Archeozoic seas more 
than a billion years ago. Their lives were 
sexless and relatively uncomplicated. In 
an age without males or females, lepro- 
duction took place simply by the split- 
ting of the mother cell's protoplasm into 
two new organisms. So far as survival 
through the ages is concerned, this sys- 
tem was highly efficient. The descend- 
ants of those neuter creatures still exist 
today among such simple organisms as 
yeasts, bacteria and certain blue-green 
algae. 

Sex did not appear on this planet until 
millions of years after life began. And 
the specialized two-sex system was a 
relatively late development. Along the 
way nature has experimented with a rich 
and bizarre variety of asexual, multi- 
sexual and male-female systems. Some 
starfish, for example, may reproduce by 
releasing an arm. There are certain 
moths m which maleness and femaleness 
may exist in a wide graduation of de- 
grees. Many organisms, including snails, 
worms and some fish, are hermaphrodit- 
ic, bearing both male and female oigans. 
There are eels that start life with male 
oigans which are later replaced by fe- 
male ones. Among some worms birth is 
invariably fatal, the mothers nourishing 
their embryos until then* bodies burst. 
Another worm reproduces simply by 
breaking into pieces. There is a marine 
organism, Bonellia , of which the female 
is about the size of a walnut, while the 
male is microscopic and lives inside the 
female s body. There is a species of Para- 
mecium that has no fewer than eight 
different grades of sexuality. A riotous 
diversity similarly exists in the plant 
kingdom. The mangrove not only bears 
sexual flowers but sends out root arches 
which enable it to cover quickly vast 
areas of swampland. The wild straw- 
berry sends forth runners which sprout 
at properly spaced intervals. Some tropi- 
cal flora drop leaves which, upon strik- 
ing the soil, grow roots and eventually 


turn into new plants. Some of the lowei 
plants exhibit a sexuality descnbable 
only in various degrees of plusness and 
mmusness. 

Why did nature, m the higher ani- 
mals, discard the straightforwaid system 
of nonsexual reproduction? In particular, 
what biological justification is tlieie foi 
the two-sex system, since there are ways 
ol reproducing without it? The answei 
obviously must be sought in a study of 
the evolution ol sexual from nonsexual 
forms. 

The first great step toward sexuality 
almost ceitainly was the development 
in simple organisms ol an organized 
nucleus in which heredity-bearing mate- 
rials, that is, genes, were concentrated. 
This crucial innovation appears to have 
occurred somewhere in the taxonomic 
interval between primitive blue-green 
algae and bacteria on the one hand and 
nucleated green and brown algae on the 
other. Primitive— or better— archaic or- 
ganisms showing complete nuclei are 
perhaps best typified today by Chlamij - 
domonas, a unicellular green alga, or 
Crtjptomonas , a unicellular relative of 
the brown algae. 

A GES ago a cell floating somewhere m 
- the still-warm seas, or secreted m 
some moist rock crevasse, underwent 
mutational changes in some of its genes, 
which resulted m conversion of its gene- 
bearing vitals into one or more spermlike 
creatures capable of swimming by means 
of whipping tails. Once liberated, a 
spermlike swimmer set out to explore the 
waters surrounding the colony in which 
its parent cell had originated. Finally it 
settled on a ledge or a grain of sand and, 
with tendrils disintegrating, multiplied 
until a new colony had been formed. No 
genetic material was added or subtracted 
during this reproductive process; it was 
wholly nonsexual. But it was a truly pre- 
sexual innovation, and it prospered, pre- 
sumably because it served as an effective 
method for the dispersal of colonies, al- 
lowing the species to Spread over greater 


areas and into more favoiable environ- 
ments. 

The actual beginning of sex came 
when, as the result of anothei series 
of genetic changes, something happened 
in the nucleus of one of the swimming 
microbes, and it was powei fully attracted 
to anothei produced by an alien colony. 
These two cells were the first to recog- 
nize themselves as difleient from each 
othci. They came togethei and fused. 
The two-m-one organism resulting fiom 
this chromosomal marriage divided into 
othei individuals which, alter swimming 
about foi a time, settled down to form 
new colonies. Why the first swimming 
creature did not unite with one of its 
immediate neighbors, but was driven to 
seek a mate from anothei colony, is un- 
known. But the event ceitamly repre- 
sents the first biological instance of se- 
lective fusion, and of its momentous 
corollary, sexuality. That this actually 
occurred among the primitive inhabi- 
tants of the young planet is postulated on 
the presexual and sexual behavior of 
many algae that still exist today. 

It should be noted that there were no 
structural differences among those earli- 
est courting cells. They all looked alike; 
tire difference between the “sexes” was 
simply chemical. But obvious external 
differences, as the final great step m sex- 
ual emergence, weie soon to follow. 
Evidence for this is to be found in algae 
of the Oedogonium type (a genus of 
green fresh-water algae). The female 
cells became larger and less mobile than 
the male, and finally each type came to 
contain half of the species' characteristic 
number of chromosomes. Union of such 
cells resulted in re-establishment of the 
full chromosome number— a process 
found in all later sexual organisms. 
Throughout subsequent evolution, plants 
and the animals that evolved later 
came to produce large, relatively im- 
mobile, nutrient-filled female cells local- 
ized in special organs; small, free-swim- 
ming male cells were similarly housed 
until ready for release. These male and 
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female oigamsms laid the foundations 
tor the sexual patterns of higher forms 
of life* The end of this evolutionary 
process was the adoption by the highest 
organisms of bisexuahty as the sole meth- 
od of repioduction. 

T HE traditional explanations of the 
male-female pattern are unconvinc- 
ing. One of the earliest— and most easily 
disproved— is the anthropomorphic theo- 
ry that the female of the species needs an 
unencumbered male companion to pro- 
tect her and hunt her food during her 
pregnancy. Actually the fact is that the 
pregnant female animal geneially is com- 
pletely self-sufficient, and often has no 
tuither association with the male after 
breeding. Even m as highly developed 
an organism as man, the system of mo- 
nogamy and care of the pregnant female 
by the male is comparatively lecent, 
having sprung more from economo-cul- 
tuial necessity than fiom fundamental 
biological uiges. 

Another theory is that sex is a reju- 
venating device It rests mainly on ob- 
servations of a phenomenon occurring 
in certain single-cell animals. Some para- 
mecia, for example, multiply simply by 
pinching m two. But under adverse en- 
vnonmental conditions the organisms 
may become enfeebled, as indicated by 
their sluggish movements. At this point, 
a type of sexuality appears; one individ- 
ual clings to another, and a partial ex- 
change of chromosomal material occurs. 
Then the two individuals separate and— 
if fresh food is provided in the culture 
medium— begin to divide by the non- 
sexual method again. Immediately the 
old vigor leturns, and succeeding gen- 
erations appear to be haidy and le- 
fieshed. Although a kind of reinvigora- 
tion does seem to occur m a few instances 
and under special conditions, it is not a 
general phenomenon and cannot be con- 
sidered a strong support for the theory 
The sexual episode m these organisms 
may be a means of rejuvenation, but did 
it originate as such? 

The classical experiments of L. L. 
Woodruff at Yale University point to a 
negative answer. He found that if para- 
mecin are grown continuously with am- 
ple supplies of fresh foods, no such 
jommg-together occurs. More definite 
evidence is supplied by modem studies 
of cells in tissue culture. A tissue culture 
is made by isolating living cells and 
nurturing them in an incubator Each 
cell divides without becoming involved 
in any sexual piocess. A culture of chick- 
en-heart cells at New York’s Rocke- 
feller Institute for Medical Research sur- 
vived in excellent condition for over 30 
years, having multiplied through thou- 
sands of nonsexual generations. Yet 
never once was there evidence of any 
aging or devitalization, so long as ade- 
quate nourishment was provided. Simi- 
larly, cancer cells transplanted from one 
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ORIGIN OF SEX probably occurred in algae. Shown here is fusion of cell 
material from two filaments of Spirogyra, an advanced variety of green alga. 
Other lines of sexuality may have evolved in the brown and the red algae. 
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mouse to another since the eaily 1900s 
have lived thiough many nonsexual 
divisions with no loss of vigor. Fuither- 
moie, bacteria and the most primitive 
present-day algae have peisisted for 
more than a billion yeais, vigorous and 
essentially unchanged, by the sole use 
of the nonsexual method of reproduc- 
tion. 

M OST biologists today have rejected 
the old theories and concluded that 
sex developed as an evolutionary device 
foi pioducmg adaptive variety among 
living things. Nonsexual repioduction is 
an enemy of change. Suppose, for ex- 
ample, that the higher animals had only 
a single sex, and that every individual 
of a species had an identical reproduc- 
tive system m which conception was 
initiated by a germinal yell that passed 
into an incubating uterus. Such a system 
is within The realm of physiological pos- 
sibility, as evidenced by many experi- 
ments in which the ova of rabbits, frogs 
and otliei animals have been fertilized 
artificially by chemical means and have 
produced offspring without sperm or 
any male help. With a reproductive sys- 
tem of this kind, each offspring, except 
in rare cases, would be an exact dupli- 
cate of its parent. 

Such genetic inflexibility obviously 
would have made evolution, on the scale 
that occurred, impossible. The develop- 


ment of sexuality m living organisms 
produced a method foi the constant mix- 
tuie and lecombmation of different 
genes fiom two patents, thus yielding 
offspnng that could differ m greater or 
lesser degiee fiom their patents. Sexual 
leproduction, therefoie, enormously in- 
creased the differences among organ- 
isms, and continuously pioduced varia- 
tions and new forms that could survive 
in the changing envnonment cieated by 
the vast geological upheavals and altera- 
tions of climate on the earth. 

If the sexual system of lepioduction 
was necessaiy foi evolution, how may 
we explain the original evolution of the 
nonsexual Aicheozoic algae into sexual 
foi ms? 

The answer, of course, is mutation. A 
mutation does not spring from the mere 
mingling of chromosomes, but from fun- 
damental changes in the chemical struc- 
tme of a gene, changes that are trans- 
mitted from generation to geneiation. 
Such stiuctural changes within genes 
may be produced by familiar physical 
or chemical forces. It is known that high- 
energy ladiations from ladioactive ele- 
ments and cosmic rays, which have been 
bombarding the cells of the earth’s in- 
habitants fiom the beginning of time, are 
capable of smashing into dividing chro- 
mosomes and producing disruptions that 
result in permanent mutations. Recent 
woik indicates that many chemicals also 


may piocluce such effects, and that high 
tempeiature may mciease the mutation 
late. Finally, Augmentation of chiomo- 
somal particles duiing sexual matuiation 
and a leanangement of the relative 
position of these fiagments may cause 
new .charactenstics to develop m the 
piogeny 

Mutations explain not only the oiigi- 
nal changes in the sexless organisms but 
the development of completely new 
species from sexual oigamsms Normally, 
of course, no offspnng can possess cliai- 
actenstics not genetically latent m its 
patents, just as no matter how many 
times one throws a conventional pair of 
dice, no numbeis but those from two to 
12 can come up. But mutations may etch 
new numbers on the dice 

I T MUST be pointed out that the mu- 
tations appear to be entnely random 
and undirected, only those which have 
a survival value will be passed on. For 
every successful mutation, there have 
been innumerable disadvantageous or 
lethal ones that led to the extinction of 
their beareis. 

Thus, from both inference and experi- 
ment, modem biology has ai rived at the 
following premises: 1) sex onginated not 
specifically as a repioductive device but 
as the xesult of many fortuitous muta- 
tions; 2) sexuality made possible the in- 
tei mingling of mutations and variations 



FIRST STEP toward sexuality was the concentration 
of heredity-hearing genes in an organized nucleus, which 
began to develop in algae such as Osctilmoria, above. 



NEXT STEP came as the result of mutations in more 
advance^ algae, here represented by modern Ulothrix , 
which liberated spermlike swimmers from the cell. 
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in one family line with those of another, 
and thereby produced a far widei range 
of varying individuals within a given 
species than would have been possible 
if the species were limited to nonsexual 
reproduction, 3) wide variations within 
such sexually produced and mutating 
populations allowed maximum advan- 
tage m the struggle for existence. Thus 
the biological phenomenon of sex pro- 
vided one of the keystones for the proc- 
ess of organic evolution 

T HESE findings suggest some specu- 
lations concerning the biological 
significance of sex m human beings. 
Man, like other sexually reproducing 
organisms, evolved by means of muta- 
tion, variation and selection He evolved, 
that is, so long as an effective selective 
piocess was operative. But that senes of 
mutations which led him from a primate 
and subhuman existence to subjectivity 
and self-consciousness completely al- 
tered man's evolutionary couise 

Endowed now with unique mtellec- 
tual powers and apparent free will, man 
found himself able to establish his own 
values for living. He built a framework 
of ediics, reinforced by a growing con- 
sideration for the integrity and rights of 
Ins brother human beings. In so doing, he 
tended to abandon the suivival-of-the- 
fittest pattern, substituting precepts 
which demanded survival and leproduc- 


tion of the “fit" and “unfit" alike. Human 
history appears to have been one long 
attempt to negate instincts that opeiate 
among the animals With this negation, 
some of the biological urges which moti- 
vated animals deci eased m functional 
significance. This applies conspicuously 
to sexuality. 

Indeed, m view of man's ethical and 
religious evolution during the last few 
millennia, one is at a loss to find a 
rational biological defense for the two- 
sex system m civilized human society. 
It is difficult to escape the conclusion 
that human sexuality persists as a relic 
of bygone days, when organic lathei 
than psychological and social evolution 
was the keynote of all life. 

It is only m societies where the “fittest" 
aie selected to pass on their “fitting" 
geim plasm that reproduction by the 
sexual method has a biological justifica- 
tion Chnstianhke ethics tend to vitiate 
the mechanism of selective survival Man 
—so long as he clings to such ethics— 
mav be bioadlv regarded as having 
ceased to evolve organically. He still 
continues to exhibit a normal distribu- 
tion of variations, but by coddling germ 
plasm which m the natural competitive 
state would have been swept to extinc- 
tion, he can no longer take evolutionary 
advantage of normally occurring muta- 
tions and variations. He may continue to 
evolve intellectually and socially, but 


his organic evolution via the sexual 
mechanism— again, within the ethical 
framework described— appears to have 
reached a self-limiting plateau 

Is it possible, then, that man would 
suffer no real loss, aside from the pleas- 
ures and torments of the flesh, if he le- 
verted to the condition of a nonsexually 
reproducing organism? And what would 
be the scheme of things, if such a physio- 
logical mmicle came to pass? 

The hedonistic elements of sex, which 
in all ages have helped inspire the arts 
and other phases of civilization, would 
piobably he replaced by equally power- 
ful motives Perhaps some would see a 
great advantage in freeing the human 
organism from a jungle-born urge which 
perennially has been a dominant and 
often psychotic force m the minds of men 
and women. A species of human bemgs 
which was freed of these motivations 
might conceivably be released to accept 
with less inhibition or encumbrance the 
challenge of the scientific, social and 
religious aspirations of mankind. 

Is it possible that thoughts of this 
nature influenced the early religionists 
m their adoption of voluntary celibacy 
as an aid to inner enlightenment? 


Paul A Z ahl is associate di- 
rector of the Haskins Lab- 
oratories in New York City. 



MALE AND FEMALE cells of differing structure per- 
haps first appeared in algae of the Oedogonium type. 
The male cells are smaller and more active than female. 


ADVANCED STAGE in early development of sexual 
fusion among algae is typified by Spirogyra , which 
shows union of cellular material of separate filaments. 
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ON MARCH 16, 1926 Dr. Goddard i 
launching frame of tlie first liquid-fuel 
of the rocket was gasoline axidWd In 


Tlae rocket 9 s motor is at the top ; the fuel and oxygen 
tanks trail behind it. This arrangement was favored in 
early experiments because it provided greater stability. 




BOOKS 

The notes of Robert H. Goddard, the reticent 
pioneer of high-altitude rocket development 



by Peter van Dresser 


Rocket Development. Edited from the 
notes of Robert Hutchins Goddard by 
Esther C Goddard and G, Edward 
Pendray. Prentice-Hall, Incorporated 
($6.50). 

I N the unfolding drama of high tech- 
nology now in progress, rocket pro- 
pulsion, with its ultimate implica- 
tions of extraterrestrial navigation, plays 
a romantic role second only to that of 
nuclear physics. The visions of a coming 
neo- Columbian era of exploration of the 
skies, with which the Jules Vernes and 
H. G. Wellses began to trouble the 
imagination of eai tidings a generation 
ago, have become a concern of practical 
men. The fiist voyage to the moon is 
now a conceivable engineering poten- 
tiality; the construction of an artificial 
satellite to encircle the earth m a stable 
orbit is a pioject seriously suggested by 
the Secretary of Defense. 

For most of the first half of this cen- 
tury Robert Hutchins Goddard, the reti- 
cent piofessor of physics at Clark Uni- 
versity, occupied a unique position on 
this frontier. His scientific interest in tire 
propulsion of jet-engines to very high 
altitudes was awakened seveial years 
before the first flying machine took the 
air. In 1907 he wrote and submitted for 
publication a paper on the utilization of 
radioactive energy for interplanetary jet 
propulsion. His preoccupation with the 
potentialities of rocket flight continued 
fiom the turn of the century until his 
death m 1945, and resulted in the publi- 
cation of one of the first mathematical 
studies of the subject. His practical ex- 
perimentation m the field led him to 
conceive and construct what is probably 
the first liquid-propellant rocket ever 
flown; the historic flight took place at 
Auburn, Mass., m 1926. His series of 
tests during the 1930s of increasingly 
large and complex machines, financed by 
the Daniel and Florence Guggenheim 
Foundation, formed the most elaborate 
and consistent program of such research 
until the German development of the 
V-rockets of the Second World War. 

During all this period Dr. Goddard 
stood forth as a champion of the embryo 
technique of rocketry and astronautics— 
although he was a somewhat shadowy 
figure to the world at large, due to the 


scarcity of his publications, the inaccessi- 
bility of his experiments and his peisonal 
reticence. Despite the spectacular 
emergence of heavier-than-air flight 
from cloud-cuckoo land speculation to 
reality during this period, public skep- 
ticism of the rocketeers persisted, and 
Goddaid’s position was a courageous one 
for a scientist of academic standing to 
maintain. Nonetheless, as a result ot his 
standing he was what may be called the 
only “official” proponent of rocket re- 
search in America, the only scientist 
whose investigations merited the serious 
consideration of bodies such as the 
Smithsonian Institution, of government 
and military officialdom, and of research 
foundations. 

In view of these circumstances, the 
meagerness of Dr. Goddard's written 
work has long been a source of disap- 
pointment to those interested in the sub- 
ject. Unfortunately, the publication of 
the present volume does not dispel this 
sense of disappointment. 

For well over two decades a body of 
international technical literature dealing 
with the thermodynamics of rocket en- 
gines and the ballistics of rocket flight 
has been accumulating. Wege zur Raum - 
schiffahrt, the original edition of which 
was published by the Rumanian physi- 
cist and experimenter Hermann Oberth 
in 1923, is the first and greatest classic 
of this literature. The broad comprehen- 
sion that this book reveals of the prob- 
lems involved remains today hardly chal- 
lenged. V Astronautique, published by 
the aviation engineer Robert Esnault- 
Pelterie in 1930, is another classic of this 
kind, framed with typically French pre- 
cision and elegance. Dozens of other less 
comprehensive books and papers might 
be enumerated, dealing with both theo- 
retical and practical aspects of the sub- 
ject. 

Dr. Goddard's qwn first contribution 
to this literature, A Method of Reaching 
Extreme Altitudes, published by the 
Smithsonian in 1919, did not indicate a 
talent moving with ease in the field of 
mathematically controlled speculation. 
This paper, although discussing what 
was then an extremely daring subject— a 
rocket-shot to the moon— confined itself 
to a strictly limited examination of the 
trajectory and mass relations of a smoke- 
less-powder rocket. It reached the con- 
clusion that 600 pounds of explosive 
would be necessary to project a one- 
pound mass to the velocity of escape 
from the earth. Goddard’s exercise was 


notable for its Yankee literalness and 
pointedly lealistic approach. 

From such a talent it would be un- 
reasonable to expect an elaborate con- 
tribution to the general theory of celes- 
tial ballistics. One would hope to find, 
ho we\ er, as a result of a quarter centurv 
of effoit, some major addition to the 
emerging technology ot rocket engineer- 
ing, enriched by the knowledge gained 
m a lifetime devoted to the field. 

The present pubhcation does not form 
such a document. Compiled by Mrs. 
Goddard and G. Edward Pendray from 
Dr. Goddard's notebooks covering sev- 
eral series ot tests at Camp Devens. 
Mass. (1929-1930), Roswell, N. M. 
(1930-1932; 1934-1941), and Clark 
University (1932-1941), and with a 
preface by Harry Guggenheim, the vol- 
ume presents a mass of minutiae regard- 
ing the particular arrangements and 
equipment employed. These details now 
can have only a historical— one might al- 
most say an antiquarian— importance. 

Published a decade or more ago, such 
data might have been of intense and 
seminal interest to experimenters; today 
they are nearly valueless. For it is a sad 
paradox that, however clearly Dr. God- 
dard anticipated many of the principles 
embodied in modern rocket technology, 
there is little evidence that his work 
formed a vital link in the evolution of 
that technology. German military rock- 
etry evolved rather directly out of the 
activities of the European group which 
included Oberth, Esnault-Pelterie, Willv 
Ley, Walter Hohman, Max Valier, 
Johannes Winkler, Eugen Sanger, Franz 
von Hoeft and Rudolf Nebel. American 
rocketry— to the extent that it is not a 
transplantation— is built on the accu- 
mulated experience of several research 
groups which had only the most indirect 
contact with Dr. Goddard and his exper- 
iments until the latter years of the war. 
Mr. Guggenheim's prefatory depiction 
of Dr. Goddard as the “undisputed 
father of modem rocketry” can be justi- 
fied only in the sense that he was a sym- 
bol of academic science's acknowledge- 
ment— however cautious and reserved— 
of the potentialities of the liquid-fuel 
rocket. The psychological value of such 
a contribution may indeed be great, but 
its evaluation is difficult. 

To anyone familiar with the early 
work in rocket development, a reading of 
these notes must convey a strong impres- 
sion of the hampering effect of isolation 
upon the scientific investigator. Time 
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and again a familial ity with the findings 
of othei competent minds would have 
spelled the difference between success 
and qualified failuie m Dr Goddaids 
expenmen ts. Despite his remarkably 
complete concept of the anatomy of the 
liquid-fuel high-altitude rocket, gaps m 
his grasp of principles constantly 
thwarted efforts to constiuct and fly a 
really successful machine. These gaps 
might easily have been closed by knowl- 
edge already m existence 

Foi example, his tests were plagued 
to the last by the limited endurance and 
liability 7 to failuie of his motors. The su- 
preme" impoitance of intensive mtegial- 
wall cooling of rocket chambers and noz- 
zles bv propellants under rapid forced 
circulation had been pointed out by sev- 
eial investigators. They had discussed at 
length the difficulty of developing any 
construction material that would stand 
up m an engine operating at tempera- 
tin es of 5,000 to 6,000 degrees F Obertli 
went so far as to recommend silver walls 
for such combustion chambers, and 
Eugen Sangei, a Viennese aeronautical 
engineer, published a strikingly pro- 
phetic analysis of the heat-flow rela- 
tionships m the rocket motoi and the 
necessary construction specifications and 
design parameters of its cooling system 
He pointed out that such a system must 
he calculated to absorb eneigy of the 
oidei of one horsepower per square cen- 
timeter at every point on the interior 
surface of the combustion chamber and 
nozzle. Yet Dr. Goddard consistently 
thought of motor cooling as a sort of 
auxiliary device He applied coppei or 
aluminum coolant tubes externally to his 
motors, but they weie never formed in- 
tegrally mto the chamber walls, and 
were usually lefeired to in his notes as 
fuel 01 nitrogen vaporizers. The real 
focus of his interest, as indicated bv his 
notes and by his numerous patents, lay 
in the exact positioning and shaping of 
propellant inlet ports, and he conducted 
scores of tests centeied on this relatively 
unimportant point. 

Similarly, the Goddard motors were 
invariably equipped with long De Laval 
type nozzles with excessive expansion 
ratios, although it had early been shown 
that such nozzles were detrimental to the 
efficient operation of a rocket motor dis- 
charging into the atmosphere. 

Again, Dr. Goddard seemed unable 
to evolve a clear-cut technique for prov- 
ing-stand static tests for the various ele- 
ments in motors and propellant- feed 
systems, although such techniques were 
adopted by all experimenters as soon as 
they began to grapple with the manifold 
problems of rocket development. His 
tests were usually conducted with com- 
plete rockets. There were so many inter- 
acting factors to consider— combustion- 
chamber shape and size, rate of nitrogen 
and oxygen feed and vaporization, per- 
formance of gas generators, turbines and 
pumps, the coordination of complex elec- 


tncal and mechanical control devices— 
that the specific causes of failuie m his 
lockets weie usually difficult to detei- 
mme piecisely. When to these complica- 
tions weie added those arising in the 
couise of flight tests, the task of evalu- 
ating results became virtually dependent 
on intuition. 

Such deficiencies pi evented Dr. God- 
dard fiom achieving a single impressive 
altitude flight capable of convincing the 
layman of the unique capabilities of the 
liquid-propellant rocket, they also pre- 
vented him fiom developing a reaction 
motor which by consistent, efficient and 
duplicable test-block perfoimance might 
have impiessed engmeeis 

The dispersion of efforts of a man 
pressed foi time, suie of the validity of 
his own superabundant ideas and eager 
foi tangible results, may be the explana- 
tion of these chai actenstics of Di. God- 
dard's expenmental career Yet the 
secrecy which surrounded his work, and 
the intellectual isolation in which it ap- 
pears to have been conducted, pioduced 
unhappy lesults Whatever the cause of 
this secrecy— whether sup ei sensitivity to 
general skepticism, official and academic 
conservatism, oi an awareness of militaiy 
implications— it served only to inciease 
latlici than dispel whatever aui a of the 
fantastic surrounded rocket experimen- 
tation It served also to chscouiage the 
giowtli of an informed technical public 
in this field m the U S And it certainly 
did not pi event Nazi engineers— building 
dnectlv upon the thinking of previous 
independent lesearcheis, few of whom 
were encouraged by officialdom— from 
developing a rocket technology under 
the exigencies of wartime far in advance 
of anything achieved elsewheie in the 
woild. 

Goddard's career and his frustrations 
may perhaps suggest food for thought m 
connection with the present tiend to- 
ward controlled, officially sponsored and 
censored research. 


Petei van Diesser is a city plan- 
ner , an author of articles about 
rockets and a charter member 
of the American Rocket Society 


J ane's Fighting Ships, 1947-48 The 
Macmillan Company ($20.00) The 
50th issue of one of the few publications 
connected with the art of war that even 
a peace-loving man might enjoy. For its 
amuveisary, the famous fat, royal blue, 
oblong volume is stuffed with some new 
and many dependable old features, ably 
edited by the late Francis E. McMurtrie 
In addition to thousands of photographs 
( the first issue in 1898 had pen and ink 
drawings) and descriptions, including 
"some of Russia's submarine fleet, there 
is an index of the major warships of 
the world, 1897-1947;, an immense ar- 
ray of silhouettes qf the world's “iron- 


clads,” 1860-1945, an article on the big- 
gest wax ships evei built, the Japanese 
Yamato and Musashi (both destroyed by 
U S. bomb and torpedo attacks) , a sum- 
mary of German, Japanese and Italian 
wai losses, a forewoid on future naval 
plans of the majoi powers, with a warn- 
ing that the Japanese Navy, reconsti- 
tuted by us, is about to arise like the 
Phoenix horn its ashes— thus repeating, 
perhaps, the renaissance, after the 
Tieaty of Veisailles, of the Gennan 
Fleet, and a lemimscent essay about 
Fiecl T. Jane by McMuitne. This amaz- 
ing Bntisher who died m 1916 was the 
son of a vicar, a successful Rugby tlnee- 
quartei at Exeter, a lover of eveiy thing 
that floats, the authoi of numeious books 
(such as The Incubated GUI , To Venus 
in Five Seconds , The Violet Flame), the 
conductoi of a column entitled Garage 
Yanis , a candidate foi Paihament on an 
independent “Navy befoie Party” ticket, 
a formidable piactical joker who once 
actually kidnapped an M P to prevent 
him fiom addiessmg a meeting and 
planned “a similar hoax” at the expense 
of Winston Churchill and, finally, ^he 
founder of this admirable senes. Both an 
indispensable woik for professionals and 
a fine book foi occasional leading m 
eveiy room of the house 

M athematics for the General 
Reader, by E. C. Titchmarsh. 
Hutchinson’s University Libiary, Lon- 
don ($1.75) Professoi Titchmarsh, who 
holds the famous Savilian chair of ge- 
ometry at Oxford, has written foi the 
Hutchinson University Libiary series the 
ablest brief popularization of mathe- 
matics since A. N Whitehead's classic 
Introduction to Mathematics. In a small 
volume of 160 pages he piovides adults 
who are willing to take thought to the 
subject— more than, say, 15 minutes a 
day— with a lucid, unhurried account of 
the science of number from arithmetic 
through algebra, tngonometiy and the 
calculus. The style is easy; the examples, 
having been devised by a first-class 
mathematician, are fresh and unusually 
helpful; the text is guided bv a subtle 
understanding of the difficulties of the 
average educated grownup who rarely 
manages to throw off the trauma of his 
first school encounter with fractions An 
excellent little book. 

T he Naming of the Telescope, by 
Edward Rosen. Henry Schuman 
( $2.50) . Who named the telescope? Was 
it Frederick Cesi? Was it John Demisia- 
m? Who were the Lynxes? Was John 
Baptist della Porta a liar? Who attended 
the famous banquet in Galileo’s honor at 
Monsignor Malvasia's estate outside the 
St. Pancratius gate? The answers, or at 
least some plausible answers, to these 
major questions may be found m Dr. 
Rosen's small monograph. An almost in- 
credible example of academic petit 
point, yet both ingenious and charming. 



Harlow Shapley provides a foiewoid, 
and theie are a number of plates and 
illustrations. 

T he Chemistry of Penicillin. 

Princeton University Press ($36.00). 
A monumental report of studies by joint 
British and American research teams to 
ascertain the chemistry of penicillin and 
to devise methods for its synthesis. The 
monograph is a prototype of collabora- 
tion among men, regardless of national- 
ity, m a field fai more valuable than that 
of nuclear physics— judging by the results 
to date. Though discovered by Alexan- 
der Fleming m London in 1928, this in- 
comparable servant from the plant world 
was not brought into commercial produc- 
tion until 1941, after prolonged research 
stimulated bv the needs of the war. 
Throughout the war years further inten- 
sive inquiries .were conducted undei the 
joint sponsorship of the Office of Scien- 
tific Research and Development and the 
Medical Reseaich Council m London. 
By usmg the “synthetic ability of the 
mold,” it became possible to reproduce 
on a large scale what the English chem- 
ist John Read has described as “this 
masterpiece of natural planning in the 
world of moleculai architecture.” As 
nearly everyone knows, penicillin was 
brilliantly successful in the fight against 
the bacteria causing sepsis in wounds 
and against the organisms responsible 
ior many serious diseases, including 
pneumonia, meningitis, anthrax, gonor- 
rhea and syphilis. Once the organic 
chemist succeeds m a pure synthesis of 
the basic molecule (at least four varieties 
of penicillin aie known to exist), modifi- 
cations of the natural substance may be 
undertaken to enlarge the lange of its 
antibiotic effectiveness. This admnable 
volume does honor to the editors, the 
contributors and the publisher. 

T he Alphabet, by David Diringer. 

Philosophical Library ($12.50). A 
lemarkably erudite histoiy of writing 
from cuneiform and hieroglyphic scripts 
through the Gieek alphabet and its 50 
descendants. Dr. Diringer s extraordina- 
lv explorations m this labyimth have led 
him to the conclusion that our own al- 
phabet, with its 26 signs, is a legacy 
from the Etruscans who, in turn, were 
influenced by the Greeks, the Phoeni- 
cians and the Hebrews. The book is 
based upon the author’s Italian work, 
VAlfabeto Nella Storia Della Civiltd 
which appeared about a decade ago and 
here appears in English form “increased 
and recast.” Anyone interested in science 
who is growing a little weary of the 
wonders of the atom can expect to find 
in the newer developments of the study 
of writing, as in the origins of language 
and gesture, fields as rich, as astonishing 
and as provocative as the regions un- 
folded by the popularizers of modern 
physics and astronomy. Diringers 
learned monograph, it is true, makes tew 


concessions to the general reader, but 
the subj*eet will repay some effort. The 
hundreds of fascinating illustrations 
lighten the burden of the text. 

A n Introduction to Comparative 
- Biochemistry, by Ernest Baldwin. 
Cambridge University 7 Press ($1.75). A 
third edition of a brief, well-written in- 
troduction to an investigation which 
aims, through attaining a clearer under- 
standing of the chemistry of even such 
simple organisms as the starfish or earth- 
worm, to get closer to the basic processes 
of life m all its organic manifestations. 
Though biochemistry is hardly out of its 
cradle, it has developed a great bodv of 
invaluable information on the subject of 
the “molecular events” associated with 
physiological behavior, and promises to 
contribute significantly to the study of 
growth, evolution and heredity 

T he Mathematical Basis of the 
Arts, by Joseph Schillmger. Philoso- 
phical Library (S 12.50). This frighten- 
ingly huge, heavy and expensive book by 
the late Joseph Scliillinger, a well-known 
teachei of musical composition, is de- 
voted to proving that the forms of all the 
creative arts lend themselves to a pre- 
cise, bloodless mathematical analysis and 
that “there is no reason why music or 
painting or poetry cannot be designed 
and executed just as engines or bridges 
are ” The demonstration is neither origi- 
nal, clear, profound nor successful; it is 
also unendurably dull Some years ago 
when the artist and art critic Jay Ham- 
bidge expounded his theory 7 of “dy- | 
namic symmetry” it was discovered that 
the warrant earmarks of great art oc- 
curring in painting and sculpture were 
also to be found m such objects as pots 
and pans. This, it would seem, points to 
at least one of the hazards of construct- 
ing objets dart with mathematics: a per- 
son bent on producing the Mona Lisa by 
mathematical formula might find himself 
at the end with a pressure cooker. 

B asic Principles of Psychoanalysis, 
by A. A. Brill. Doubleday and Com- 
pany ($3.45). Dr. Brill, famous for his 
translations of Freud and as a pioneer in 
introducing the theories of psychoanal- 
ysis in the U. S., completed this revised 
version of an earlier work just before his 
death last year. It is easily understood 
and made thoroughly readable by its 
many case histories and examples clearly 
presented’ in Dr. BrilFs entertaining 
though occasionally dogmatic manner. 
Brill was less inclined to stray from the 
fundamental teachings of the master 
than the master himself, and thus it 
comes about that many of his views seem 
dated in a discipline which has evolved 
and is still evolving so rapidly that the 
various neuroses, psychoses and other 
neural disturbances have a hard time 
keeping pace with the theory. 

J. K R 


ACETYLENE CHEMISTRY 

JULIUS WALTER REPPE 
P.B. Report— 18852-s 

★ ★ ★ ★ 


Have you ordered your copy of 
this important book which will be 
ready for distribution on April 15, 
I9497 p or details of this publication 
may we refer you to our advertise- 
ment in the March, f949 issue of 
SCIENTIFIC AMERICAN, page 2. 

This book contains the complete 
text translation into English of the 
original report as written by Julius 
Walter Reppe. Heretofore, various im- 
portant parts of the text as shown in 
the O.T S microfilm were found to be 
missing This was due to the omission 
of parts of the translation as made by 
the original translator. In addition to 
the Table of Contents, this publication 
will also contain a complete index. 

★ ★ ★ ★ 

CHARLES A. MEYER & CO., INC. 

Translations and Technical Publications 

Grand Central Terminal Building 

25 Vanderbilt Avenue New York 17, N. Y. 
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What does Easter mean to you? Sun- 
rise Services . . „ new spring clothes, 
baskets of gaily colored eggs for the 
children? 

It means that Easter Seal time is here 
again, too. It means that through 
these seals you’ll be helping crippled 
children in your own community to a 
better chance in life. 

The money you contribute by buy- 
ing EasterSeals is used for this one im- 
portant purpose ... to provide handi- 
capped children with adequate medi- 
cal care... with wheel chairs and braces 
and a lot of other things they need. 

It’s used to give them specialized 
vocational training . . . healthful rec- 
reation ... a chance to go to camp in 
the summer. . . to swim and romp and 
play games like other kids. 

So why not celebrate this Easter by 
buying more Easter Seals. 

National Society for Crippled Children and 
Adults, 11 So. LaSalle St., Chicago 3, III. 
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* REFRACTORS. Light, portable . . . llic 
finest lenses make these instruments ideal 
foi the amateur astiouomei. 


Price: Only $199 for 3" model, $345 for 4". 

• REFLECTORS. For precision and econ- 
omy Satm n Newtonian and Cassegrainian 
Eijuatoriully Mounted Kcdeclois arc un- 
surpassed. (Portable units also available.) 



FREE LITERATURE 

tfeiul for diet aim o ph- 
lnK (letiitls of the Time 
Pn.vnu'nt I'lnn mu) full 
Informal ton on Mat urn 
Telescopes. 


T1HSLEY LABORATORIES 2528 Grove St, Berkeley, Calit, 


7 x 50 


BINOCULARS 

MADE TO RIGID MILITARY SPECIFICATIONS 



These magnificent 7x50 prism binoculars were 
obtained through the Supreme Commander of the 

Allied Powers. They have the brilliant luminosity, 

precise clarity, and wide, undistorted field of 
view obtainable only with a good large glass 
Because 7x50 glasses give the highest performance 
obtainable they are now the official choice* of the 
Army, Navy and Marine Corps This is your oppor- 
tunity to purchase a brand new 7x50 AT I/, Of 
THE USUAL COST, Lifetime construction, Light- 

weight aluminum body {Individual eye focusing.) 
Ultra-precise optics, sealed against moisture and 

dust. Unsurpassed by any other binoculars, re- 

gardless of price. Richly finished case end straps 
included Sold with a guarantee of complete 
satisfaction or money refunded. 


Price W ith 
Regular 0 ptics 

$44* 


Price With 

Coated Lenses & Prisms 

$54* 


*Plus 20% Federal Tax 
IMMEDIATE DELIVERY WE PAY THE SHIPPING COST 
Catalog of Telescopes, Microscopes, Binoculars 
Free on Request 


BROWNSCOPECO. 


Dept. 4K, 24 W, 45th St., New York 19, N. Y. 



Conducted by Albert G. Ingalls 


O N FEBRUARY 22 Russell Wil- 
liams PoiLer, puli on saint of ama- 
teur telescope makeis, died oi a 
heart attack at his home in Pasadena, 
Calif. He was 77. Several years previous- 
ly Porter had jotted on a scrap of paper, 
“My dieam is to pass out leahzmg that 1 
had just licked some beautiful pioblem 
in applied optics.” When lie died he had 
just completed the drawings ol an im- 
mense spectrograph lor the 200-ineh 
telescope. 

Porter’s long life was ciowded with 
work and iun. And to him most of the 
work was fun, lie enjoyed the uncom- 
mon satisfaction of being able to do the 
things he bad dreamed of doing. A yeai 
ago ho was asked what he might have 
done if lie had inheiilcd a iorlune. lh' 
answered, “Just wlmt I’ve been doing/’ 
Porter was a serene and unhumed man 
whom few things ruffled, Among all 
those, who know him there wore lew 
who would not gladly have exchanged 
their lives and personalities for his. 

Porter was horn on December 13, 
1871, in the front bedroom of a vener- 
able homestead in Springfield, Vt. lie 
was the fifth and last child ol Frederick 
and Caroline Porter. Ills mother was 
then 5l, one unusual fact of Porte is un- 
usual life. Frederick Porter, who had 
been born in the same room, manufac- 
tured 75,000 baby carriages a year and 
prospered. Fie was also an inventor. 
Parts for baby carriages remain today 
in the old bam beside the Porter home- 
stead. 

Porter's boyhood friends, who said 
that ho was lazy and showed little prom- 
ise, called him “Pussy.” lie spent more 
than a year at both Norwich Univeisity 
and the Umveisity ol Vermont. Then he 
wanted to enter the Massachusetts In- 
stitute of Technology to study architec- 
ture, for he was already skillful with 
pencil and brush, Flis father, however, 
was no longer prosperous. Porter bor- 
rowed $1,000 to enter the Institute m 
1894. 


That yeai Porter heard Robert E. 
Peary lecture on the Arctic, an event that 
cost him a dozen years of his career, 
From this moment he burned with a 
passion for exploration and adventure, 
Peary half agreed to take him North but 
Porters elderly mother secretly asked 
tlie explorer to reject him, and this 
Peary did without revealing the secret. 

Porter’s interest in the Arctic was not 
diminished. Soon he met the affable 



and plausible Dr. Fiedeiick A. Cook, 
another man who had designs on the 
Noith Pole. In the summer of 1894 he 
went with a huge party to Greenland 
in Cook's antiquated vessel. The ship 
toic out her non bottom on Greenland’s 
locks, and a bundled shivering men re- 
turned home packed on top ol the cod- 
fish m a fishing selioonei. Cook’s Last 
Cruise of l he Miranda tells the unhappy 
stoiy. 

Porter did go to the North with Peaiy 
m the summer of 1896. There was no 
haulship, a summer tup to Greenland 
being no worse Lhan a January thaw m 
Maine. Yet the trip was a beginning, and 
the following summer the 26-year-old 
Poitci herded a parly of M.f.T. students 
to Frol nslier Bay in Baffin Land at $300 
a head. The trip was made on Peary’s 
vessel, winch debaiked the voyagers, 
continued to the Noith, and returned m 
the fall to pick them up again. Thus 
Porter paid oil all his college indebted- 
ness. In Baffin Land he found Silurian 
fossils, which he presented to the pa- 
leontologists of Lhe Amoiican Museum 
of Natural History in an old sock. One 
of the iossils boars the name Orlhoccras 
portcrl, Forty years filler Porter wioto, 
“Slcfansson told me my report on 
Frobisher Bay had been invaluable 
during World War If.” 

In die summer of 1898 Porter led a 
three-man party into upper British Co- 
lumbia. Ostensibly the expedition was to 
do ethnological research foi the Ameri- 
can Museum, but the real objective was 
to find an overland route to the gold in 
the Klondike. Defeated, the party was 
forced to turn hack at latitude 56. The 
next summer Porter gatheied another 
paying parly ol college men and took 
them on Peaiy’s ship to uorthweslem 
Greenland. Tn this way he was able to 
support himself until he had finished 
college. 

In 1901 William Ziegler, a rich manu- 
facturer, backed an expedition to find 
the Pole under a loader who proved to 
be such a tyrant that the expedition 
failed. Under a new leader in the follow- 
ing year, a second Ziegler expedition 
sailed to Franz Josef Land north of Rus- 
sia. Its men landed 10 degioes from the 
Pole. Soon their base ship, an old 
whaler, was crushed in the ice and sank 
in the Arctic darkness, The expedition 
was cut off for a year and a half. Even 
then its men made attempts to reach the 
Pole, The story of this long adventure 
has been told by Anthony Fiala in Fight- 
ing the Polar Ice , published in 1907 and 
now out of print, 

T O THE same volume Porter con- 
tributed a lively account of his es- 
cape from a camp 160 miles from the 








moiiu 

mum parly. Thcic he hud lived foi 100 
days on half iu lions which weie finally 
exhausted. With another man and dogs 
he set out in midwmtei, and after 
many tnals— skis lost, sledge lost, death 
olten neai— he reached the mam party 
and food. The following from Porter's 
nan alive recounts an attack by polar 
bears 

“Perhaps the beais took us foi some 
animals good to eat. Surely we looked 
more like beasts than men in our bear- 
skins, and with om long hair and grease- 
covered faces. At sight of these bears the 
savage man lose dominant within me, 


and m mv hun and down my spine lan 
an indescribable prickling sensation, and 
I knew why the hair on the wolf's back 
bustles when he hunts.” At anothei 
stop: “We lay there shivering all day. 
The woist had come. Stoimbound and 
no fuel ‘Duncan/ I chattered, ‘if I ever 
get out of this scrape alive, I'll make a 
beeline foi the tiopics and not go 10 de- 
grees north 01 south of the equator for 
the rest ot my days/ ” Poitei’s unpub- 
lished diaiy makes even better leading 
than this, and shows lemaikablc literal y 
gilts. 

Portei forgot his oath about the 
tiopics and headed north as a topogra- 
phei with Dr. Cook m the next year. On 
this expedition Cook sent Poiter and the 
others on a side trip, when they re- 
turned he claimed that he had climbed 


RUSSELL PORTER, who died on February 22, was the patron saint of ama- 
teur astronomers. Although he always considered himself an amateur, his 
talents were of great service to the professionals. His famous pencil sketches 
were an important clement in the lYiiilding of the 200-inch telescope. Many 
of his ideas are now part of the completed instrument on Palomar Mountain. 


NOW AVAILABLE 

The finest collection of used microscopes. 
All famous brand names and standard sizes 
The instruments are not rebuilt or recondi- 
tioned junk but the original instrument in 
good condition with a new finish supplied if 
necessary The lenses in most cases are the 
original ones or selected by us to give ex- 
cellent images. Oculars are new. Don't miss 
this opportunity to acquire a real quality 
microscope at these inexpensive prices 


objective I OX. 


price: $35.00 


Ocular !0X, 
obiective 35X, 
mirror, 

350 power, 
price* $65.00 


SPENCER LENS . . . 

AMERICAN 
OPTICAL COMPANY 

Wide Field binocular 
type, 15 power . . . 
$125.00 


MINERALS 


Learn how to identify minerals. Know their 
relative hardness by use of the Moh's Scale 
of Hardness. A special combination offer of 
two boxes of minerals, containing 59 differ- 
ent specimens and including a mineral hand- 
book describing more than 100 minerals and 
notes how to collect minerals and their 
study. Price $2,50 postpaid, 

BINOCULAR 

Wide field binocular, 20 power, 
3 degrees, 4%" clear aperture 
J ( 120mm). 27" high, weight 
about 40 lb. Excellent for sheep 
herding, cattle ranching, moun- 
tain climbing, boating. Navy 
commander glass of Japanese 
manufacture. 


DOLLOND CIRCLE 

For precisely determining 
the positions of heavenly 
bodies. Used, good condi- 
tion. In case. 

Price $100.00 


Include Postage — Remit with Order 

Send 50c for Up-to>minute Catalog 


HARRY ROSS 

MICROSCOPES— TELESCOPES 
Scientific and Laboratory Apparatus 
70 West Broadway, New York 7, N. Y. 





WAR SURPLUS 

ACHROMATIC TELESCOPE OBJECTIVES— 

Perfect Magnesium FluinUle Coated and cement- 
oil gcnernment sunrlu'i AelncmiAts Miulo of Uncut 
Crcmn and Flint ojctniU glass, are fulh ourmlcnl 
and liau! trtMtmtidoiis resolving power Guaranteed 
well suited for Astronomical Telescopes, Spotting 
Scopes, etc 

Diameter Focal Length Kru'h 

5(im/m (2 u ") (21 Ms") $12.50 

S’lin/m MU") 87lim/m (.HIVO $28.00 

Tiuii/m {’}") 3 Hi m/m < l n ,r ) $19.00 

Miii/in (;!,") 112 2 in/ m (2U/a") $22.50 

OPTICAL PEEP SIGHT— Use as camera view 
Under, etc Image appears cm Inillscvo relit It* 
Same principle eniumercullv used hv hlrotcun 
slglit mfg Dla 3 7 nun, Weight iVst ozh Gmem- 
ment ccjst $11) 7 5. 

Our price , .... 


40 POWER 


$1.50 0 

TELESCOPE ^ 


Coaled Lenses 




Precision American Made Vurhvhlc Power Tele- 
scope (not war surplus). 

FOUR TELESCOPES in One, 10X, 20X, 11 (IX and 
d OX Mnguesluiu-tiucirlrle Hard (Nulled Lenses 
Achromatic Objective lens 2%" (5'lm/m) dla 
Length closed W'. open 2 7 \V f Genuine 
Leather covering Weight 2H o/s C rt 

Postpaid $92.5U 

27 POWER SPOTTING SCOPE LENS SET, 

Consists of Rig 5 lini/m (2,'/) Dla Coated Oh- 
jeetive Lens, 2 Prisms, Kvopleco Lenses, Instruc- 
tions. All optics cemented and Per- C1 , 7 r 
feel or neni Perfect Set ^lo./a 

KODACHROME PROJECTOR LENS SET tor 
u5nr/m alleles, Includes 2 Achromatic Projection 
Lenses, 2 ('omicnslng Lenses, Heat eta in 

Ahsorhlng (5 liras and InsliuclloiiH q>a.iu 

GOV’T LENS CLEANING TISSUE 5(1(1 sheets 


of X’erh'Ct Paper 7 Mr" x 11" 


$1.00 


"MILLIONS" of Lenses, etc. 
Send stamp for “Bargain" List. 
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WE PAY THE 

JAEGEBS 


POSTAGE 
f)3»08A 05tli Avo. 
OZONE PARK 10, N. Y. 
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CALCULATIONS 

of all kinds can ho oaslly 
solved on tho 

BINARY CIRCULAR 
SLIDE RULE 

This rule will egulcklj snlvu the 


imTUItUnini l"l l 1 1 I i l rr Simplest as well as the inure 
TOTIMMJ | cUtriuiiL piohlcms involving 

SI 1 calculfttions in Arithmetic, 


rr mUUin TP' 1 I 1 I Tn Algebra and Trigoum 
l ' v X lu r i ‘‘I'll Any imm i )Cl „f factors c 
Q I i handled in long and (11 

» ■■ ■■ — calculations. Tho (! set 

the Biliary in 25 inches long 
with graduations) 25% further apart than theme of a 
20-imh slide rule. Tho Cl, A, K, fe Log .scales 
are divided as closely a« a 20-imh slide rule, Log-Log 
ttenle extends from 1,01115 to 1. 000,1)0(1 Gives Trig 
functions from 0 to 0 0 degrees on bade Muglnu-dl- 
vided scales on white coaled aluminum. Permanently 
accurate IJia KV." Price $7.25 Incase, with Instruc- 
tions. \ppiovcd at leading Unlv. Used hy many large 
iitms in tho U, S 

MIDGET 

CIRCULAR SLIDE RULE 

Similar to Binary, has C, qi, A, I U and Binary scales. 
C scale is 12" long, liltr, functions on baik Approved 
at achools and leading Unlv, Ideal for .Students and 
beginners, or for pocket use naif million sold Trice 
$2.50 in case with Instructions. Made of metal 

ATLAS SLIDE RULE 

The Atlas Slide Rule will 



and 

results with a maxVhumv 
ermr of less then 1 in 
10,000. The Atlas hna two 
C scales One is 25" long 


^rrr^ and tlue_ second, cure ia 


rTT iYi | ' u ii | i Kpiral of no ccU« This is 

rts 1 731c, I f} etiulvnlent to a straight 

TTi uj J (DM 1 VjJTTfft rule CO ft. long anil gives 
L nii 1 ) q,| 1 n i i t answers to 5 ttgurtfi, 

1 1 v a" I 1 L CFn Accountants. Chemlwts, 
TVoL iTn I 1 1 1 r'dJ’TrV') Physicists and Kimlneeis 
have found this rule in- 


'TTTT TTT 5Alt I 1 V 


*TV 5dt I F - valuable for its «m<at ae- 

- — ^ T ~ l ’ 1 I t i * I fTrfrrr curacy Dla, Casilj 

-1 portable. White coatc-d alu- 

JtRT' mlnum with legible black 


rrT T Y1 1 CT 1 

t Teiv ' 


ConiMnatiftii Atlas-Binary Slide Rule 

Atlas scales on one side, with 2 indicators, Binary 
°*L!? versB slt ! e with 2 indicators. Made of metal, 
accm ' ate * *TJ«e $12,00 in case with In- 

_ ,, tTmn >' ihou-aands of Unsolicited testimonials 

guai^nteed^ leS ' DQ8CTl£,tlve circulars free. Satisfaction 

GILSON SLjDfc RULE CO. 

> : ^ Box 99a ]SA, Stuart, Fla; 

\ Slide RMo Makers since IS i 5 1 , „ 

" T " r J | '"i $ , i T .. v — i — i 


Mount McKinley single-handed. His 
claims were later discredited. Porter 
was lot cod to attach Coolds luggage to 
recover his summer’s e an lings. “My 
hero’s I eel were made ol clay,” be com- 
mented ye ais later. 

On all these expeditions Poiter acted 
as an astronomer, suiveyor, meteorolo- 
gist and artist. Sometimes he painted 
with watei eolois when the water had to 
he kept liquid over an alcohol lamp. 
Later m life he Celt that the entire Arctic 
was hardly worth the misery it had cost 
mankind. The hardships described by 
later generations of explorers, who 
traveled wrth radro and other con- 
veniences, did not impress Porter. It 
seemed to linn almost wanton that 
planes quickly reached the places pain- 
fully attained hy the earlier explorers on 
loot. 

Fiiteen years ago Porter summed up 
his exploring experiences in Arctic 
Fever , a 30, 000-word manuscript co- 
piously illustrated with his ladle draw- 
ings. It remains unpublished, largely for 
economic reasons. 

Porlei was 36 when his Arctic fever 
was finally cured. In 1907 he met Alice 
Belle Marshall, tire young postmistress 
of Port Clyde, Me. They were married 
and lived in a big farmhouse on “Land’s 
End,” a 50-aere peninsula near Port 
Clyde. There Porlei built and sold cot- 
tage alter cottage by the shore. 

It was while living at Port Clyde that 
an article in Popuhu Astronomy caused 
Porter to make a 10-inch reflecting tele- 
scope ( ] us l as an article in Popular As- 
tronomy later caused this magazine to 
discover Poiter and to establish the hob- 
by of amateur telescope making) . Years 
later he jotted, “I shudder when I lccall 
its horrible figure ” Foco grams of that 
mirror may be found in The Astroplu/si- 
cal Journal for June, 1918. Todays be- 
ginners will clo well if they equal it. 

Fiom 1915 to 1917 Porter was an in- 
structor in architecture at M.I.T Then 
he worked in optics at the National 
Bureau of Standards. In 1920 he re- 
turned to his native Springfield to work 
with his old friend James H artness, head 
of the Jones and Larason Machine Com- 
pany. His specific duty was to develop 
the Iiaitness screw-thread comparator. 
Porter compressed this instrument with 
mirrors to save floor space He also 
adapted it to profiling needle eyes, saw 
teeth and dozens of other products. An- 
other “duty” was to do whatever inter- 
ested him most. Hartness knew how to 
get the most out of a genius. Case-liard- 
ened old machinists at J. and L. re- 
marked, “Why, Porter took right hold of 
our machine tools without any appren- 
ticeship.” During Ins life he took hold 
of many things thus. 

P ORTER had not been in Springfield 
long before he gathered 16 mechan- 
ics from lire town’s industries and taught 
I them to make refecting telescopes. This 


he began on August 17, 1920. On De- 
cember 7, 1923, he organized the Tele- 
scope Makers of Springfield. 

One pleasant duty that Poiter discov- 
ered at Jones and Lamson was to make 
neai ly 100 ornamental “garden” tele- 
scopes with 6-meh / 4 mirrors. These his 
employer sold to the carriage Bade at 
$400 each. The minors were figured hy 
Porter’s 18-year-old pupil Wilbur Perry, 
since then (fine! Technician of the Rul- 
ing Engine Laboratory at the Johns Hop- 
kins University. 

Porter’s quar ter -century ol i elutions 
with the leaders of this magazine began 
in 1925 I still have the letters m which 
he guided my early eflorls at telescope 
making. The pitch was too soft, boil it 
The pinhole was smaller than necessary. 
“And now get busy grinding.” 

One day early m 1928 George Ellery 
Hale mentioned to me ovei a New York 
luncheon table the possibility ol build- 
ing a large telescope, and listened to a 
description of the genius m Vermont 
who might help build it. Would he con- 
sent to see this genius? 

A hasty telegram put Porter on the 
night tram to New York and the next 
noon Hale and Porter and l lunched at 
the same table. I watched Porter’s 
charm, knowledge and versatility go to 
work. From lus ladle fingers to the 
hack of a menu fell those little sketches 
that came so effortlessly- his own ideas 
loi lug telescopes, After three hours Dr. 
Hale pocketed the menu and withdrew. 
Porter returned to Vermont and all sum- 
mer pondered the mystery that seemed 
to bo rn the air. Autumn came and Hale 
sent |. A. Anderson and F. G. Pease to 
see Hartness, and to borrow Porter. Tims 
on November 26, 1928, Porter was able 
to write from tire Twentieth Century 
Limited, on its way to Chicago, “The 
Porter family is 1 leaded for California.” 
Months later Hale was to comment, “The 
most versatile man I have ever known.” 

What Porter did at Pasadena during 
his remaining two decades has boon the 
subject of surmise, some ol it incorrect. 
He was only embarrassed by those who, 
because they loved him, insisted that he 
had designed the 200-inch telescope and 
built it. No one man did either The basic 
design was executed by engineers, and 
Porter last summer remarked with 
vehemence, “I am not an engineer ” 
Largely it came down to this. At each 
of the many stages m the long evolution 
of the design, reached after interminable 
group discussions. Porter would convert 
the blueprints of the variations elioscn 
foi study into three-dimensional pencil 
drawings, each the equivalent, to those 
who studied them, of an actual working 
model (sometimes he went to the shops 
and built models— he always yearned to 
get his hands on tools) 

There is no way to ascertain how 
many mistakes would have been em- 
bodied in the 200-inch telescope had 
there been no Porter, a consummate 




in tisl who also untlci stood the workings 
ol what he was diawmg. His woik pro- 
vided a close control on the telescope’s 
development throughout. 

When war came and the telescope was 
put m moth balls, Porter did exactly the 
same thing tor defense. “My woik,” he 
wrote, “is mostly pencil sketches of gadg- 
ets that aie hard to photogiaph. That's 
where I’ve got it over the man with the 
camei a. I can cut an instalment all up, 
show its insides, yet not destioy it.” His 
drawings went to Washington, and else- 
where m Navy circles. 

When the wai was over he wrote, “I 
can look back with satisfaction over the 
Ingh-pressure jobs of the past few years— 
diawmgs of lockets, fuses, launcheis, the 
jap papei balloon, atomic bomb, piov- 
mg ground work at Inyokern, Goldstone, 
Pendleton, NDRG and M.I.T, piojects. 
At Washington they call me ‘the cut- 
away man.' ” But Washington some- 
times drove Porter too hard, so that the 
man of 74 who had suffered a coronary 
thiombosis at 64 was m bed again lor 
weeks. Military men had stood over him 
waving deadlines and he had worked 
day and night. Yet aftei one such illness 
his old sense of humor pi evaded. He 
wrote, “Was blessed with three good- 
looking muses, but only the head nuisc 
would let me hold her hand.” 

P ORTER did innumerable jobs be- 
sides ihc one described. In 1932 be 
disappeared lor months, living alone in a 
little ten l on Palomar Mountain, making 
a contour map of the whole broad pla- 
teau and laying out the hiture builclmg 
sites and loads. The theodolite he used 
was the same one he had had in the 
Aictic. Then he returned to Pasadena 
and made a land model of Palomar, now 
under glass at the California Institute of 
Technology, He was the aichitecl lor the 
dome of the 200-inch telescope and fox 
the other domes. I lived m Porter's home 
five weeks last summer, yet I still learn 
occasionally of jobs he did and never 
mentioned. He had a band in practically 
everything. 

In 1944 he wrote, “I often wonder 
how privileged 1 am out here, at my age. 
Whenever I want something T go to the 
optical or machine shop and find every- 
thing at my disposal, li I get into a jam 
for a gadget thcic’s always someone to 
say, 'Let me do it lor you/ ” 

“tie is such a nice fellow to have 
around,” was the tribute his immediate 
boss, Dr. Anderson, wrote of him. At 
various times in 1945 Porter wrote. “I'm 
now enjoying life hugely. The sky seems 
bluer, die trees greener, and every pros- 
pect pleases.” Or, “I made $50 in bed 
today, just pushing my pencil.” (Outside 
work came to him and he did much of 
it m bed.) Or, “All I care for is com- 
fort, pipe tobacco, and good fellowship.” 

Few knew about Porter's major inter- 
est in music, fewer still that he composed 
music as an amateur hobby. While living 


in Vermont he had lead books on har- 
mony and counterpoint, then composed 
and oi chestrated a symphonic move- 
ment. When he heard it played by an 
orchestra he sensed “how amateurish it 
ically was,” but he kept on composing 
because it was fun. 

“Beethoven towers over them all,” he 
wrote m 1938. “Next choices, to me, are 
Rimski-Koisakov, Tchaikovsky, Brahms, 
Mozart. If you could see my bedroom 
you'd see what I think of Beethoven. His 
nine symphonies, all the quaitets and 
sonatas aie within reach lrom my bed 
and I get almost as much fun fi om read- 
ing them as hearing them, m fact I do 
‘hear' them. Yes, they haunt you, as you 
say, long aftei the record has stopped 
(I had purchased a phonograph) . What 
do you suppose is going on among the 
atoms m your brain to pioduce this?” 

“On one side of my bed,” lie con- 
tinued, “is a five-octave dinky piano 
cluttei ed with the scores I woik on. 
Then, aftei I’ve labored loi weeks, I 
get a hunch my theme is only a holdovei 
horn something Tve heaid before ” 

The little piano actually oveihung his 
bed on one side, which made it difficult 
to anange the bedclothes. I have seen 
him ci awl into bed wearing all his 
clothes except his hat. In lecent yeais 
Poitei spent 16 hours a day in bed to 
conserve his sliength. At night he often 
woke up to whack out his pipe on a big 
slone Eskimo lamp, light up, and woik 
on musical scores or read or write. 

In 1939 he wrote, “When I go East I'll 
head straight for you and your phono- 
giaph— to Hell with glass grinding.” Foi 
seclusion the phonogiaph and 42 al- 
bums of Beethoven's chamber music and 
sonatas were lugged to the cellar shop, 
two steamer chairs weie placed beside 
the phonograph and for a total of 23 
hours during thiee days Beethoven disks 
were fed in as Porter, who was hard of 
hearing, controlled the volume and 
pitch. His favorite was the andante of 
Opus 97, the Archduke trio. In 1946 he 
again wiote, “Lei's have anothci cellar 
orgy— play cveiy one of Beet's again.” 

I N 1947 he jotted, “I'm growing old. 

Feel it in my bones.” When I saw him 
in 1948 he had shrunk until his clothes 
hung pathetically loose. Though the 
work he still found to do fatigued him, 
he kept at it. When- he wrote, “If I'm the 
patron saint, you're my Boswell,” he 
knew he had not far to go but he made 
no complaint. 

By Porter's own repeated request he 
was cremated and his ashes will be 
buried at his former home of Port Clyde. 
Pie will also have another monument. 
Through the efforts of the amateur 
astronomer David P. Bar croft, of Made- 
ra, Calif,, a feature of the moon has been 
named after him. The lunar crater called 
Clavius B has been renamed Russell W. 
Porter by the British Astronomical Asso- 
ciation. 
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GOVERNMENT'S 7 x 50 BINOCULARS 
ASSEMBLE THEM YOURSELF / 
Complete Optics! Complete Metal Parts! 
Save More Than I/* Regular Cost 


METAL PARTS— Set 

includes all Metal Parts 
— compleleh finished- — 
fm assembly of 7 x 50 
Binoculars No machin- 
ing required 1 •dindv 
Binocular Canying Case 
is optional with each set 
of Metal X’arts. 

Stock it842-S $39.40 

Postpaid plus $4 80 for 
Case — Total $44 20 


OPTICS— Set includes all Lenses ami Prisms too need for 
assembling, 7 \ 50 Bmoculais These Optics an* ill cvellent 
condition — pm feet or near perfect — and hate new low m- 
11 emon coaling 

Stock £ 5 1 02-S 7 \ 50 Optics $25 00 Postpaid 

(These arc standard American-made parts . . not 
Japanese, French or German ) 

NOTKTC Add 20 ( /r Fcdci.il Exuse Tax In abate pi lies if 
jou older both Bmoail.u Optus uiul Binnuihif Metal Bails 

ARMY'S 6 x 30 BINOCULARS 

COMPLETE OPTICS & METAL PA RTS — Model M-I3AI, 
Waterproof Model, C x 30 Binoculars lib milling x need 
— icadv for assembly When finished will look like a tegular 
fiutmv job costing $102 to $120 The Optus aro new, in 
peifeit oi neat -peifect cumliumi Hate new low idle, tion 
coaling Metal p.uts aie new and perfect all completely 
finished No machining lequireil Complete assembly in- 
structions included 

Stock S830-S , . . $40 00 Postpaid 

plus $8 00 tax— Total $48 00 

MOUNTED ANASTIGMAT LENSES 

Use for Projector, Knlnigers, Copying Pamelas Complete 
with KhtiUoi and Diaphragm Value aboul $20 An excellent 
hm WE WILL INCLUDE F1UC13 lLLUSTIt \TE1> 
BOOKLET oil HOW TO MAKE TOUR OWN EX- 
LAW! El l 

Stock #8004-S Speed i/7 7, focal length appiox 127 mms 
Suitable for pictures, negatives, positives up to 3 l /3 ,, x4 t /fl" 

$7 50 Postpaid 

Stock #8Q0G-S Speed of f/7 7, focal length approx 1 00 
mms. Suitable for pictures, etc up to ZtV'XvR/i". 
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Stock #4039»S . 2'/2 "x 3 i / 2 " , . $3 35 Postpaid 

Stock #4029-S 35 mm . , $2 85 Postpaid 

35 MM KODACHRQME PROJECTING LENS SET— 

Consihts of a mounted projecting lena, heat absorbing glass, 

2 (ondenslng lenses 

Stock % 4035-S , . $4 85 Postpaid 

6 POWER PERISCOPE and ADJUSTABLE TRIPOD 

27" lung Focusing e\e-pi<?ce Adjustable cuter for ob jet rite 
end Govt, cost $150 Tripod and mount worth mure tlmn 
purchase price 

Stock #7J7-S . $20.00 f o h Audubon 
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SENT FREE. 

Order by Stock No. • Satisfaction Guaranteed 
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CARE 

GOES 

WHERE 

HUNGER 

IS 


Hunger, today, is the capital of litany countries. 

Millions of minds, wanting peace and freedom, are mocked 
by empty stomachs. 

To these countries — to the men, women and children who 
are these countries — CARE goes. 

CARE goes with parcels of food, with clothing, with woolen 
blankets. 

But CARE goes nowhere without YOU. 

Non-profit CARE makes it simple and convenient for you to 
help persons or families you know in Europe. Non-profit 
CARE sends more for your money than you can send in any 
other way. Non-profit CARE guarantees delivery — or refunds 
your money. 

CARE is government-approved. Twenty-six major Ameri- 
can relief groups are members of CARE. 

If you are now sending parcels abroad, please investigate 
CARE’s organization. Through CARE, buying in immense 
volume, you can send more for less. If you are not now sending 
help abroad, the need is urgent. Full information from CARE, 
50 Broad Street, New York. Or from your local hank, YWCA, 
Western Union city offices, your local CARE committee. 

CARE 

50 Broad Street, New York 4, N. Y. 
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“Buy U. S. Savings Bonds 
during the Opportunity Drive,” 

SAY THESE LEADING AMERICANS 


WILLIAM GREEN, President, 
American Federation of Labor 



“For the working man, an increased in- 
vestment in U. JJr Savings Bonds can mean 
not only increased security but incx eased 
ability to take advantage of the oppoit unities 
that are part of the American way of life.” 


CHARLES F. BRANNAN 
Secretary of Agriculture 



“I am heartily in favor of the Opportunity 
Drive to buy more U. S. Savings Bonda, 
Everyone engaged in farming should recog- 
nize the importance of a backlog of invested 
savings as a means of realizing the agricul- 
tural opportunities of the future.” 


WINTHROP W. ALDRICH, Chairman, 
Chase National Bank 



“I believe that every individual who can 
possibly do so should buy more U.S, Savings 
Bonds. These bonds represent one of the 
best investments of our lime.” 


PHILIP MURRAY, President , 
Congress of Industrial Organizations 



“The C.I.O. has endorsed every effort to 
encourage 11 the workei to put more of his 
earnings into U S. Savings Bonds. They rep- 
resent both security and independence” 


D uring May and June, Lite U. S. Savings Bond Oppor- 
tunity Di ive is on ! 

It is called the Opportunity Drive— because it is truly an 
opporLunily for you to gel ahead by increasing youi own per- 
sonal measure of financial security and independence. 

If you haven’t been buying Savings Bonds regularly, start 
now. 

II you have been buying them, add an extra Bond or two to 
your purchases this month and next. Remember— you’ll get 
back $4 for every $3 in a shorl ten years’ time 1 

Put More Opportunity 
in Your Future . . . 

INVEST IN U. S. SAVINGS BONDS 



Contributed by this magazine in cooperation with the 
Magazine Publishers of America as a public service. 





Using ammonia and radio waves, RCA scientists have 
devised a clock more accurate than the stars. 



rc/n 0/7 "Atomic 


Time 


it 


Imagine a clock which will lose or 
gain only one second in 20,000,000, 
and which — when further lesearch is 
cairied out — will vary no more than 
a second in SO years! 

Such a timepiece— constructed by the 
National Bureau of Standards on a prin- 
ciple conceived and demonstiated at 
RCA Laboratories— is now in operation. 
More accurate than the stars? Yes, be- 
cause “star time” will vaiy when Mother 
Earth wobbles m her orbit. 

The pendulum of RCA’s clock is an atom 


... at present, the nitrogen atom in an am- 
monia molecule . , . though others may 
later be used. Vibrating at 23 billion 
870 million times a second, it controls a 
system of radio waves and electrical im- 
pulses which operates the clock— locks them 
in tune with its own unvarying heat! 

You will hardly want an “atomic clock” 
to get to the office promptly, or get youi 
children to school. But scientists and 
engineers who must split seconds into 
millions of parts need this more accurate 
way of telling time. 

The atomic clock is but one of the 


many major achievements pioneered at 
RCA Laboratories. Such leadership in 
science and engineering adds value be- 
yond price to any product or service of 
RCA and RCA Victoi. 

* * * 

Examples of the newest developments 
in radio , television, and electronics can 
he seen in action at RCA Exhibition Hall, 
36 West 49th Street, N. Y. Admission is 
free Radio Corporation of America, 
Radio City, N. Y. 20. 



IVor/c/ Lecrc/er in 'R.c/d/o — 7-irsL in le/ei/ision 



Siis: 

I have read with interest the article 
on cosmic rays by George W. Gray in 
youi March issue. The subject mallei 
has been extremely well handled, and I 
(eel it gives a very accurate and easily 
comprehended picture of the pi oblem of 
cosmic-ray leseaich. It will continue to 
be a reference foi some Lime which we 
can assign to beginning students and to 
the general public who wish some ma- 
terial which will give them a general 
picture of what we are doing in cosmic- 
ray research. 

Youi presentation ol the comments by 
Professoi Blackett and Professor Ride- 
nour in the same issue is also of interest. 
Professoi Blackett, as you know, was 
awarded the Nobel prize for his work in 
cosmic rays. The work of several oi his 
students is mentioned by Mr. Gray but 
I believe Professor Blackett is not men- 
tioned in the cosmic-ray article. I can- 
not agjee with Professor Ridenour's 
comment that Professor Blacketts book 
expresses views “so clearly the results 
of bias” that thp “excesses and absurdi- 
ties” make “the whole work” suspect. 
There have been other criticisms of Pro- 
fessor Blackett's book in the Journal of 
the Atomic Scientists which have dis- 
agreed with it, but at the same time have 
appreciated that this repoit of Blackett's 
has raised some real questions that 
should be carefully studied. 

ROBERT B. ERODE 

Department of Physics 
University of California 
Berkeley, Calif. 


Sirs 

In his rebuttal to P. M. S. Blackett, 
Louis Ridenour writes- “On Blackett’s 
assumption that we dropped the bombs 
to prevent the Russian grab in Man- 
churia (he does not call it that) , hpw did 
we succeed? . . . Consider also how we 
held back at Berlin and Prague until the 
Russians got there, in accordance with 
our agreements that their troops could 
enter these cities first.” 

General Dwight D. Eisenhower does 
trot agree with this latter statement. A 
digest of Ris Crusade in Europe that 
appeared in Life says: “A natural objec- 
l|re beyond qdid Ruhr was Berlin . , . I v 
decided, hbwevet, that it was not the * 




logical 01 the most desirable objective 
for the foices of the Western Allies.” 

BERNICE KRETSWIRTH 

New York, N. Y. 


I should like to make a few comments 
about Erich Fromm’s “The Oedipus 
Myth” which appealed in your January 
issue. I lead the aiticle with astonish- 
ment at the author’s method. In the yeai 
1949 one who would attack Freuds con- 
cept ol the Oedipus complex has vast 
and rich materials with which to grap- 
ple- not merely Fi cud’s writings but the 
clinical observations oi several genera- 
tions ol psychoanalysts throughout Lhe 
world. Instead Fromm devotes most ol 
his article to a discussion of Sophocles' 
plays. Fromm might just as well attack 
modem medicine by proving Hippoc- 
rates never lived. 

hr the case of Oedipus Rev itself, 
Fromm writes: “But there is no indica- 
tion whatsoever in the myth that Oedi- 
pus is attracted by or falls in love with 
J ocas la.” 

The reader of Oedipus Rex can satisfy 
himself by merely rereading the speeches 
between Oedipus and Joeasla that those 
two are still strongly bound together 
sexually and that theic is no such thing 


I,il)»ury bin dor* to pivhcivi* imrifs of iho m-w 
Survririi AmiuuAN nmy W obuimi'd by willing 
SdJNnrti Amlukan, 24 Wosl 40ih Stioefc, New 
Ymk 10, N Y Ewrh lmulei, covered with d«uk 
morn Fulmkoid, will hold 12 issues of the 
SurM-uu Amiruan. Pu<*e $2 50. 


m the play as an indication that Jocasta’s 
going with the throne is “the only rea- 
son” lor then mainage. The real point, 
however, is that Fiomm is looking foi 
conscious and exjilicit sexual desires m 
the Oedipus complex, winch is an un- 
conscious phenomenon! The eiueial de- 
tail in the play is the oracle predicting 
that Oedipus will have sexual inlei- 
couise with his mother. The made of 
the Greek myths, Fromm has forgotten, 
is a representation of the unconscious. 
Even ll there were no other indications 
ol Jocaslus and Oedipus’ sexual interest 
m oath olliei than the oiacle’s piedic- 
tion, that would be enough. 

No doubt Fiend was much more 
cautious in predicting the iai futuie than 
is Fromm. In the mam Fiend contented 
himself with describing the psycho- 
logical s tinctures as they appeal in the 
society in which wc live and are likely 
to live for some Lime. 1 think that Freud 
would have conceded to Fromm that 
the Oedipus conflict would be pro- 
foundly modified in a society “in which 
respect lor the individuality and in- 
tegnty ol every person* hence ol eveiy 
child- is realized.” Freud worked for 
such a society. Ite had a passionate be- 
lief in human progress and educability. 
Tie differed from Fiomm in not believing 
that one contributes to that progress by 
blinking the demonstrable facts of man’s 
psychology and social heritage which 
lender so difficult the ascent from patri- 
archal society to the brotherhood of man. 

FELIX MORROW 

New Yoik, N. Y. 
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Sirs. 

Because of the stature which your 
magazine has attained since its editorial 
reorganization, it seems worth while to 
point out one on or in an article in youi 
March, 1949, issue. I relei to the aiticle 
on the “alarm reaction,” discussing Dr. 
Hans Selye's woik. On page 22 the au- 
thors present the diet of diabetes as an 
illustration of the point they are raising. 
They stale. “Diabetes can be completely 
controlled by a diet low m sugar ” It 
would be more in keeping with the cur- 
rent knowledge of diabetes to change the 
word “sugar” to “calories.” Present-day 
therapy of diabetes no longer stresses 
only the reduction of carbohydrate in 
the diet. Rather, a more normal distribu- 
tion of carbohydrate, protein, and fat is 
used, but a reduction in the total caloric 
value is attempted. 

GLEN R. SHEPHERD, M.D. 
Kansas City, Kan. 
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0 For Mon ufacf uring Control Laboratories 
# For Production Requiring Quality Chemicals 
# For Educational Laboratories 
# For Process Planning and Development 


# For Research laboratories 


...A Complete Guide for 
Buyers in the Selection of 



Here it is—Baker & Adamson’s new, pro- 
fusely illustrated catalog ! It contains 226 
pages of clear, concise information on 
1,000 laboratory reagents and fine chemi- 
cals, including such pertinent data as 
grades, strengths, maximum limits of 
impurities, packaging, etc. 

New features include special com- 
ments on products with outstanding high 
purity, unusual physical or chemical 


Get your copy of this new 
catalog; there is no obli- 
gation. Fill out coupon, 
attach to your business 
letterhead and i^ail today. 


characteristics, processing techniques, 
packaging, etc. which are not evident in 
specification data alone. 

This valuable book also contains full 
data on B&A’s outstanding packages . . . 


features that are not to be found any- 
where else. Gives just the type of infor- 
mation you want on the new B&A "PBL” 
Drum, the "Saftepak,” the 6% gal. car- 
boy, 9-bottle case, etc. 
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BAKER & ADAMSON PRODUCTS, Generar Chemical Division 
Allied Chemical & Dye Corporation 
40 Rector Street, New York 6, N. Y. 

Please send me, with no obligation on my part, your new 226-page catalog of 
Baker & Adamson Reagents and Fine Chemicals. 
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Organization^ 
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M AY 1899 “The sealing steamer 
'Hope' is to be thoroughly over- 
hauled and repaired preparatory 
to proceeding northwaid next month 
with an expedition for the relief of Lieut, 
Peaiy, who went to the Arctic legions 
last summer with a specially selected 
paity. It is thought that he may now 
need assistance, as his steam ei , the 
‘Wmdwaid/ has been frozen in the ice 
fioes since the early pint of last winter.” 

“Under the dir ectoi ship of Prof. J. E. 
Keeler, the activities of the Lick Ob- 
servatory at Mount Hamilton, Cal., with 
its magnificent 36-mch icfractor, have 
been vastly increased. The wonderful 
nebula in Orion, one of the most distant 
and remarkable objects in the universe, 
has been of late the subject of patient 
and protracted observation by Pi of 
Keeler. The spectrum of the nebula, in- 
terpreted by our laboiatory experience, 
indicates a high temperature, which, m 
the case of such enormously nuefied 
gases, is not easy to undei stand. We may 
suppose that the light of the nebula is 
excited by electrical disturbances, m 
which case the temperature of the gases 
may be low; but of these electrical dis- 
turbances we have no independent 
knowledge. The problem is one of many 
which still await solution.” 

“Nowhere has the development of 
automatically propelled vehicles reached 
a more advanced stage than m France, 
where, on account of the fine roads and 
pavements, the most favorable condi- 
tions are found for their operation. Car- 
riages and tricycles operated by gasoline 
motors are now among the ordinary 
sights m the streets of Pans.” 

“Prof. Marconi has invented an in- 
strument for ascertaining a ship’s posi- 
tion m a fog, when it is within range of 
one of the telegraph stations. It consists 
of a receiver which can be revolved and 
which, when pointing toward the trans- 
mitting station, sets off an electric bell, 
thus establishing the bearings as accu- 
rately as a compass can. The instrument 
is to be tried on the Channel steamers.” 

“A dainty piece of spectroscopic work 
by Prof. George E, Hale, director of the 
Yerkes Observatory, has recently come 
to light. In the solar spectrum there were 
long ago recognized bands that indi- 
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catecl the presence of carbon. What Prof. 
Hale has clone is to locate the carbon 
with precision, and thus to establish 
its existence beyond a doubt. He found 
that it was in the lower pait of the duo- 
mospheie. Pi of. Hale is satisfied that 
the caibon layei is* a thin one, and that 
normally it lies down within five hun- 
dred miles of the sun’s surface— a con- 
clusion that harmonizes well with the 
notion that the glow of the pbotospheie 
emanates chiefly horn pai tides ol solid 
carbon suspended then cm.” 

“It seems that the medical experts in 
London are now accepting ihe conclu- 
sions of Pi of. Grassi, of Rome, as to the 
cause of black-water fever, which is one 
of the worst forms of malarial lever The 
scientific staff of llie Natuuil History 
Museum, at South Kensington, are invit- 
ing travelers in all oounliies to collect as 
many mosquitoes as possible in the tlis- 
Uiels visited by them, with a view to 
pioperly identifying the various species, 
and tracing out still further the supposed 
connection between these insects and 
some of the fevers prevalent m tropical 
dimes ” 


M AY 1849. “Some cases have re- 
cently occuned m which fatal 
consequences were attributed to 
the inhalation of chloroform; surgeons 
have been turning their attention of late 
to the employment of this powerful seda- 
tive locally, m order to clepuve of sensa- 
tion parts intended to be operated upon. 
A veiy interesting experiment of this 
kind was made at the Royal Cornwall 
Infirmaiy, England, as related by the 
Cornwall Royal Gazette. The result was 
highly satisfactory, and the poor man 
looked on with the greatest composure, 
not moving a limb while the diseased 
part was being lemoved.” 

“Patent gi anted to Samuel F. B. 
Morse, of Poughkeepsie, N, Y., for im- 
provement in Electric Telegraphs.” 

“A discovery of a singular and highly 
important character is announced m 
Paris by a Prof. Meinike, a German prob- 
ably, viz. an artificial gas confined in 
glass, assuming, by an electric shock, a 
permanent, steady light, without heat or 
combustionl” 

“F araday Has shown, by the most con- 
clusive experiments, ‘that the electricity 
which decomposes, and that which is 


evolved by the decomposition ol a cei- 
tain quantity of matter, arc alike. What 
an enormous quantity of electricity, 
theieloie, is required lor the decomposi- 
tion of a single gram ol water! It would 
appear that 800, 000 charges of a Leyden 
battery, charged by ihu ly Liu ns of a veiy 
huge and powerful plate machine arc 
necessary to supply electricity equal to 
the quantity which is naluially asso- 
ciated with the elements of that gnuii ol 
water endowing them with their mutual 
chemical affinity.’ ” 

“The solar beam has been tortured 
thiough prismatic glasses and natural 
ciyslals. Evciy chemical agent has been 
tiicd upon it, every electrical foice m the 
most excited state hi ought to bear upon 
its operations, with a view to the dis- 
covery of the most refined of earthly 
agencies; but it has passed thiough 
every ti ml wilhoul levealing its secrets, 
and even the effects which it pioduccs 
in its path are unexplained problems still 
to tax the intellect of man,” 

“The gianclesl Suspension Budge in 
the world, we suppose, is one recently 
completed at the city of Pesth in the 
dominions of Austria. This bridge was 
commenced in 1840 according to the de- 
sign and under the directions of William 
Tierney Clark, an English civil engineer. 
It extends ovei the Danube and has a 
clear watciway of 1,250 feet, the centre 
span being 670 feet. The height of the 
suspension towers from the ioundation 
is 200 feet, but they have 50 Icet of 
Ioundation m the water.” 

“There is no class ol mechanics in the 
world that have so much responsibility 
lcstmg upon them as Steam Engineers. 
Hundieds of Engineers go on board of 
boats, oi on locomotives, and are then 
put m charge of a machine they know no 
moie about than the man does about the 
watch that he winds up, and they have 
to deal with an agent as subtle as the 
lightning from heaven. Smcly such men 
as these should not be trusted with so 
many valuable lives, and such a vast 
amount of property.” 

“We may regard the passage of Elec- 
tricity as instantaneous, so far as any of 
our senses are concerned; for its velocity 
is such, that it will stait from Woon- 
socket, make 7 passages around our 
earth, and reach the Capital of the Chi- 
nese Empire on its eighth journey, m the 
brief space of a single second of time.” 




What happens when you hear? What happens inside 
your ear when sound waves come in from a telephone 
conversation ? 

Bell Telephone Laboratories scientists have developed 
special apparatus to help answer these questions, for the 
telephone system is designed to meet the ear’s requirements 
for good listening. 

In the lest pictured above, the young lady sits before 
loudspeakers in a soundproofed room with a small hollow 
tube, reaching just inside the ear canal. Sounds differing 
slightly in frequency and intensity come from a loud- 
speaker. The subject seeks to tell one from another, record- 
ing her judgment electrically by pressing a switch. 


Meanwhile, the same sound waves pass down the hollow 
tube to a condenser microphone, and a record is made of 
the exact sound intensities she identified. Results help 
reveal the sound levels you can hear clearly and without 
strain— the sounds your telephone must be designed to carry. 

Scientists at Bell Telephone Laboratories make hun- 
dreds of tests in this manner. It’s just one part of the work 
which goes on year after year at the Laboratories lo help 
keep Bell System telephone service the finest on earth. 


BELL TELEPHONE LABORATORIES 

Exploring and inventing, devising and perfecting , for con- 
tinued improvements and economies in telephone service. 
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THE HALOID COMPANY 


49-102 HALOID STREET, ROCHESTER, N. Y. 



OPTICS to ORDER 


SERVING 


Manufacturers 
Laboratories 
Schools 
Colleges 

Experimental or Produc- 
tion runs for Scientific 
Apparatus Fabricated in 
Glass, Quartz, Salt, Stain- 
less Steel. 

Surfaced or drawn flat glass, cut, 
edged and drilled to your specifi- 
cations. 

Established 30 years 

A. D. JONES OPTICAL WORKS 

2400 Massachusetts Avenue 
Cambridge 40 Massachusetts 


Indecision is de- 
plorable, but 
sometimes a light 
ray must go two 
ways at the same 
time! 




If some of your light 
rays are faced with 
this problem, it will 
pay you to investi- 
gate our semi-trans- 
parent DUOLUX 
mirrors. 


They are noted for their hardness, perma- 
nence, and high optical efficiency. 

Made by Evaporated of Ithaca. 

Since 1935 — The Pioneer in 
First-Surface Mirrors, 

Free descriptive folder on request. 



EVAPORATED METAL 

FILMS CORPORATION 

ITHACA , NSW YORK 



THE COYER 

The painting on the cover shows some 
ol the effects produced by growth- 
inducing plant hoimones, or auxins 
(page 40). In the Iloweipot is a 
kalanchoc, a liopical plant from 
Madagascar. The thick growth of 
roots hallway up its right shoot was 
induced by an application of the 
auxin indole-butyric acid. Parachloro- 
phenoxyacclic acid was applied at the 
same time, resulting in the monstrous 
growths on the upper part oi the 
shoot. The tomato at the right is a 
new seedless variety, created by auxin 
treatment of tomato-plant fioweis. 
just to the left of it is a tube oi human 
urine, source of the first auxin to be 
isolated and identified. In the back- 
ground aie a fiaslc and a large bottle 
of water. The scene of the painting is 
the laboratory of P. W. Zimmerman 
at the Boyce Thompson Institute lor 
Plant Reseaicli in Yonkers, New York. 


THE ILLUSTRATIONS 

Cover by Stanley Meltzoff 

Page 
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12-15 

Plal Fiedler 

17 

William Auerbach-Levy 

18-21 

Roger Hayward 

23-25 

K. Chester 

30 

U. S Army 

33 

Willy Ley (top and bottom 


left), Esther C. Goddard 
(bottom right) 

34-35 

Matthew Greene 

37 

Jet Piopulsion Laboratory, 


California Institute of 

39 

Technology 

TJ. S. Army ( left) , U. S. Navy 
—Johns liopkins Applied 
Physics Laboratory (right) 

41-43 

A. Brotman 

45-47 

David Stone Martin 

49-50 

Eric Mose 

52-53 

Irvmg Geis 

55 

K. A. Clark 

56 

John Wiley and Sons 

60 

Mount Wilson Observatory 


(left) , Memoirs of the Brit- 
ish Astronomical Associa- 
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62 

Captain William C, Bryson 


(left), E. B. McCartney 
(right) 
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E. B. McCartney 





What GENERAL ELECTRIC People Are Saying 


C. G. SUITS 

Vice President and Director of Research 

Research Exploring: In the days 
of Daniel Boone a good deal of ex- 
ploring could be done with a pack 
horse, a rifle, and some shot, and 
dry powder. The regions of the 
earth that can he explored with 
simple equipment have been mostly 
worked over, however, and the mod- 
ern Daniel Boone uses airplanes, 
helicopters, magnetometers, and 
seismographs to do his work. 

The same thing is l rue of the 
scientific frontier Loday. Edison, one 
of the Daniel Boones of science, was 
able to make his remarkable inven- 
tions with the simple facilities and 
equipment of Lhe laboratories I 
have been privileged to see today. 
But the scientific frontier thaL can 
be explored with such simple tools 
has receded almost to infinity. To 
explore today’s great frontier areas 
in the nucleus of the atom, Lhe 
region of supersonic fluid flow, the 
semiconducting elements, the con- 
stitution of complex mailer, lhe 
infrared radio spectrum, Lhe region 
of absolute zero, and many others, 
requires scientific tools and facili- 
ties that are correspondingly com- 
plex. 

Edison Pioneers, East Orange , N. J. 

February 11, 1949 

★ 

D. E. CHAMBERS 

Executive Engineer, Research Laboratory 

International Competition: I 
have often thought that the role 
played by our technical potential 
in international competition was 
powerfully illustrated on the Pacific 
Islands by the comparison there of 
the bulldozer in the bands of the 
American forces and the band 
shovel in the bands of the Japanese. 
It is essential that we keep such 
comparisons as much as possible in 
our favor *4n the future, and to this 
end we must see to it that our tech- 
nical knowledge is always at least 
as good as that of any other nation, 
for the time factor will be so very 
short in the future. 

We must be sure that our facili- 
ties are always at least as up-to- 
date as those of any other nation. 


For example, if oxygen can be used 
substantially to increase the output 
of steel furnaces, we must be sure 
that, if possible, we are the first to 
achieve this result. 

We must be sure that we have 
plant for the quantity production 
of the items for peace or of modern 
war. Whether we have this plant 
depends upon the peacetime buying 
power of our people — and this de- 
pends upon our people having a 
relatively high standard of living. 

We have an increasing need for 
conserving our natural resources 
through increasing the efficiency of 
our machines and through the 
finding of substitutes for onr scarce 
materials. American industry lias 
already demonstrated its eagerness 
and its ability to satisfy this need. 
For example, 50 per cent more kilo- 
watt-hours can be produced per 
pound of coal than was the case in 
.1923, and many new synthetic ma- 
terials such as nylon and artificial 
rubber have been and will be pro- 
duced to conserve onr national 
resources and to help free us from 
dependence upon foreign sources. 

If, S Military Academy , 

West Point , New York 
January 25, 1949 

★ 

J. J. HUETHER 

Manager , Central Station Divisions 

Gas Turbines: There is now in 
operation on a locomotive a 5000- 
horsepower, single-shaft, simple- 
cycle, combustion gas turbine, de- 
signed to bum bunker C oil . . . The 
probable success of this unit led to 
the building of a 3500-kw combus- 
tion-gas-turbine generating power 
plant . . . 

A second unit — a 5000-kw high- 
efficiency power plant — has been 
designed and will be assembled for 
test within the next few months. 


This unit . . . has an over-all effi- 
ciency of 28 per cent at the generator 
terminals, contrasted with 17 per 
cent efficiency of the simpler 8500- 
kw unit . . . 

The 5000-kw high-efficiency plant 
with a fuel rate of approximately 
12,500 Btu per kw-hour will ask no 
quarter from any steam plant of 
equivalent size and will compare 
favorably with many larger steam 
plants in operation today . „ . 

In this range of capacities, the 
combustion gas turbine seems to 
have a definite place as a base-load 
lant. A second application is in 
rming up service at the end of a 
line or in an outlying load center. A 
third application is as a standby 
plant ... It should not be inferred, 
however, that the combustion gas 
turbine is recommended as a rotat- 
ing or spinning standby plant. Its 
high no-load losses rule it out for 
this application. 

For a fourth application, the com- 
pact size and the quick starting 
ability of the simple-cyclc 3500-kw 
uniL would seem to offer an ideal 
opportunity for portable power 
plants with railway car mounting 
for quick transportation to areas 
which have been wiped out by floods 
or hurricanes or other catastrophes 
— or as an emergency shaft to pick 
up the load in case of a breakage in 
a transmission line or failure of an 
existing unit . . . 

The stage has now been reached 
where time and experience are of 
greater importance than additional 
orders or development of new de- 
signs. The engineers, therefore, are 
in a condition of restrained en- 
thusiasm, working hard to complete 
the units now on order and to obtain 
all characteristics through engineer- 
ing tests, followed by practical op- 
erating experience, to determine 
such things as maintenance, life, 
and performance in service. 

National Assn, of Purchasing Agents , 

Chicago , 
February 7, 1949 
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AMONG the many miraculous phar- 
il maceuticals made in the great 
modern plant of Lederle Laboratories 
at Pearl River, N. Y., is a preventive 
for Brucellosis, an infectious disease 
of cattle, costly to dairy farmers and 
dangerous to communities as a pos- 
sible source of undulant fever. 

The Lederle product, brucella abor- 
tus vaccine in powder form, comes in 
hermetically sealed and dated vials, 
each vial containing over 300 billion 
live bacteria. 

When originally introduced in liquid 


form, the life span of the packaged 
bacteria was only around three months 
—after that the product was worthless 

The short shelf-life made the prod- 
uct costly to manufacturer and con- 
sumer. It prevented overseas shipment 
to foreign markets. 

Lederle purchased from DPI high 
vacuum sublimation equipment for 
dehydrating the product. This treat- 
ment, so well known to DPI engineers, 
improved the stability and extended 
the ’life’ of the packaged bacteria 
from three months to a year. 


Uses for high vacuum range all the 
way from atomic research to the manu- 
facture of cosmetics and ornaments 
for the ten-cent store trade. 

There may be surprising ways high 
vacuum can work for you— in reducing 
manufacturing costs — in improving 
your product— or in converting seem- 
ingly worthless by-products into profita- 
ble commodities. We invite inquiries. 


Distillation Products, Inc. 

751 RIDGE ROAD WEST, ROCHESTER 13, N. Y. 

Distillers of Oil-Soluble Vitamins and Other Concentrates for Science and Industry; 
Manufacturers of High-Vacuum Equipment.,, 
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A STUDY OF ATTITUDES By Samuel A. Stouffer 

During Woild Wai II U S. sol chins’ moiale and opinions were seareh- 
mgly analyzed in one ot the largest investigations ever made by social 
science Out ot these studies came many lessons of peacetime value 1 1 

PAULING AND BEADLE By George W. Gray 

At the Cahloima Institute ol Technology these two men aie leading a 
remaikable team study by chemists and biologists ol fundamental 
questions* concerning the nature and mechanisms of the living piocess. 16 

THE THEORY OF GAMES By Oskar Morgen stern 

Upon the basis ot the chseoveiy that economic and social behavioi is 
governed by many ol the same principles that operate in games, the 
Princeton group is now foiging a powerful tool tor the study of society. 22 

ROCKETS By Willy Ley 

With the latest machines man has finally succeeded in aeachmg the 
lrontior ol m l ci planetary space. He is now piepaung to go much 
larther. An account ol the curient woik and plans m this exciting field. 30 

PLANT HORMONES By Victor Seliocken 

They contioJ growth, health, lile and death, fust as hormones do in 
die members of the animal kingdom. The investigation of their subtle 
properties is yielding new methods foi the manipulation of liatuie. 40 

THE NATURE OF DREAMS By Erich Fromm 

Do they express only evil and inational strivings, as Fiend held? 
Psychologist Fiomm, intei pretmg the language ol dreams diffeient- 
ly, suggests that they may sometimes leveal mankind's highest wisdom. 44 

LIVING RECORDS OF THE ICE AGE By Edward S. Deevey, Jr. 

From such clues as the absence of snakes in Ireland, the presence of 
a salamander in French Guinea and the species of fish found in pools 
in the U. S. desert, biogeogiapheis help geologists reconstruct the past 48 

THE ATIIABASKA TAR SANDS By Karl A. Clark 

In the Canadian Northwest engined s aze making encouraging progress 
m the development of a pzactical process fox extracting pelt oleum 
Jrom one of the woild’s greatest reservoirs of oil, hitherto inaccessible. 52 
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A STUDY OF ATTITUDES 

The psychology of U. S. soldiers was thoroughly 
explored during the war. The findings suggest 
some rich leads for peacetime social research 


I N July, 1941, the Secretary of War 
issued an order piohibiling surveys 
of attitudes of enlisted men. If their 
attitudes were critical of the Army, the 
ordei said, a survey would be “destruc- 
tive in its effect on a military organiza- 
tion where accepted responsibility on the 
part ol eveiy individual is Jundainental.” 

Five months later, an exception to this 
rule was permitted. With the personal 
backing ol Chief of Staff Geoige C. 
Marshall, a group of psychologists and 
sociologists used anonymous question- 
naires to sound out the attitudes of a 
representative cioss section of 1,500 en- 
listed men m one infantry division in 
training. The study was made the day 
after Pearl Harbor. For the first time in 
any modern army, the new methods of 
social science research had a chance to 
show their power m comparison with the 
reports of visiting officers, who had to get 
their impressions fiom haphazard and 
biased samples of informants. 

The report was critical, all right. 
Straight from the pencils of the men 
came frank and documented indictments 
of the tiaining methods, the leadership 
system, and other activities of an army 
which was enmeshed in ancient tradition 
and only beginning to awake to the needs 
of modern mechanized war. The com- 
plaints were not just idle gossip and 
griping. For example, statistical tables 
and charts proved that the men were dis- 
criminating in their criticisms: some 
practices were condemned by nine out 
of 10; some were approved by almost as 
large a proportion. 

General Marshall himself read the re- 
port on this division. So did many of the 
officers on the General Staff. One gen- 
eral started reading it at midnight and 
said the next day that it was so exciting 
and revealing that he did not put it down 


by Samuel A. Stouffer 

until three o’clock in the morning. A 
consideiablc numbei of changes were 
instituted as a icsuit of that one study, 
including a revision of plans for the new 
Officers’ Candidate Schools. Most im- 
portant of all, the War Department put 
such research on a permanent basis. Be- 
tween Pearl Harbor and the end of the 
war, the Research Branch of its Infor- 
mation and Education Division made 


EDITOR’S NOTE 

During the wai the author of 
this article was head of the profes- 
sional staff of the Research Branch 
m the War Department’s Informa- 
tion and Education Division. The 
work of the Research Branch was 
one of the largest social-science 
investigations ever made. The 
Piinceton University Press is now 
publishing the results of this un- 
precedented undertaking m four 
volumes. The first two volumes 
are now at book stores. Volume III 
will be leady this summer, Volume 
IV in the fall. The title of the series 
is Studies in Social Psychology 
in World War 11. The volumes: 

I. The American Soldier: Ad- 
justment During Army Life 

II. The American Soldier : Com- 
bat and its Aftermath 

III. Experiments on Mass Com- 
munication 

IV. Measurement and Prediction 


more than 200 surveys of representative 
samples aggregating over half a million 
U. S. enlisted men and officers. 

The Army had opened up a new chan- 
nel of communication. The top command 


now could replace guesswork about 
some of the morale problems with evi- 
dence. To be suie, not all officers wel- 
comed it. There was always opposition, 
but skepticism diminished as the war 
piogiessed. The standard aigument that 
it would “upset a man’s morale” to give 
him a chance to say lrankly what he 
thought without tear ol reprisal was easy 
to refute with evidence. 

Moreover, it was possible to show that 
these suiveys, using the best methods 
available to social science, got down to 
some solid realities. They proved to be 
of value in predicting the performance 
of groups of men in combat. For exam- 
ple, before the Normandy invasion all 
the enlisted men in the 108 rifle compa- 
nies in four divisions weie studied in 
England. An attitude or morale index 
was constructed for each company. After 
two months of fighting in Normandy, 
each company’s recoid was compared 
with its pre-battle attitude index. The 
criterion of its behavior undei the stress 
of combat was taken to be its noncombat 
casualty rate, because many if not most 
of the noncombat casualties at this peri- 
od were psychiatric in character, and 
some companies had much highei non- 
combat casualty rates than others. Com- 
paring the three rifle companies with 
the woist attitude index with the three 
rifle companies with the best index in 
each regiment, we found that on the 
average the companies with the worst 
indexes before combat had 60 per cent 
more nonbattle casualties in Normandy 
than the companies with the best. 

T HE surveys were applied to hun- 
dreds of problems, many of which do 
not loom large in the perspective of total 
war, but were important at the time. 
Why did men in malarial regions fail to 



QUESTION “Some Army divisions have companies which include Negro platoons 
and white platoons How would you feel about it if your outfit was 
set up something like that?" 


PERCENTAGE RESPONDING 


Rather not, but Just as soon 
Would dislike it would not have it as any Would 

it very much matter too much other setup like it 

wr f w k V 



Infantrymen in a company which has a Negro platoon 


80 





Cross section of other Held Forces units which do not 
have colored platoons in white companies 


PERCENTAGE DIVING INDICATED RESPONSE TO RELATED QUESTION 
QUESTION “Check the one statement which conies closest to expressing how you 

feel toward Great sometimes 

They No dislike strong feel- 

are Just strong but no ings against No 

like us feelings hate them ans. 

GERMAN SOLDIERS ^ 

April, 1045 


August, 1945 

GERMAN COMMON PEOPLE 
April, 1945 



Strong 

hatred 


3795 


21 3013 


20 
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QUESTION “Do you think the ordinary German people are to blame for starting the 
war, or do you think it is just the group of Nazi militaristic leaders who 

are to blame?” few or almost none Most or almost all of 

of ordinary Germans No ordinary Gormans 

to blame ans. to blame 


April, 1945 
August, 1945 



71 


QUESTION “Do you think Germany will ever again be a nation that we can trust 
and treat as an equal?" 

Unde- No 

Yes cided ans. No 


April, 1945 
August, 1945 



55 


QUESTION “About bow many of the German people do you think can be educated 
away from Nazism and taught to really think and act like democratic 


people?" 

Almost all No About 

or most ans. half 

Few or 
almost none 

August, 1945 

H 


25 

April, 1945 

|| 50 
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TECHNIQUE OF SURVEY and results are illustrated 
in this eh ait of while soldiers" attitudes toward serv- 
ing with Negroes. Men were polled hy questionnaire. 
Number at right of bar shows size of sample polled. 


ATTITUDES TOWARD GERMANS weic measured 
by this series of questions asked U.S. soldiers in the 
European Theater in April and August, 1945. The re- 
sults show a measurable drop in hostility after war’s end. 


use Atabrine as legularly as they should? 
What attitudes and piactices were asso- 
ciated with trench foot? Which of two 
kinds of huts did men in Alaska prefer? 
What weie the favoied types of winter 
clothing among front-line troops in Bel- 
gium, Luxembuig and Germany? What 
radio transcriptions did men want? 
What did they like most to lead m Yank 
magazine? What about needs foi ath- 
letic equipment? What could be done 
to improve a difficult laundry situation 
in Panama? What were the sources of 
difficulties in soldiers' relations with the 
French? Such inquiries were routine and 
were made in increasing numbers 
Some of the larger-scale enterprises 
were. Studies of soldiers' postwar plans, 
which provided a factual basis for draw- 
ing up the G1 Bill of Rights; studies of 
psychiatric screening which led to the 
development hy the Research Branch, 
in cooperation with the Surgeon Gen- 
eral, of a test that was used routinely 
in all induction stations in the last year 
of the war; special surveys of the Air 
Forces and of other large components 
of the Army such as the infantry (the 
idea of the Combat Infantryman’s 
badge grew out of one of these studies) - 


analyses of problems of occupying 
tioops, which led to changes in occupa- 
tion policy m Germany. 

One of the most useful reseal ches was 
the one that established the point sys- 
tem foi demobilization at the end of the 
war. The President and the War De- 
partment decided that the order of 
demobilization should be detci mined in 
teims of what the soldiers themselves 
wanted. The idea of a point system was 
conceived m the Research Branch Rep- 
resentative samples of men throughout 
the world weie queried, and from their 
l espouses the variables of length of 
service, overseas duty, combat duty and 
parenthood emerged as most significant. 
The final weights assigned to these van- 
ables yielded point scores which had a 
close correspondence with the wishes of 
the maximum number of soldiers, even 
if they did not exactly reproduce these 
wishes. Studies of reactions to the point 
system showed that the response to it 
was remarkably favorable, except among 
minorities who felt they were personally 
most injured by it (for example, combat 
infantrymen) Even after many men be- 
came angered by the alleged slowness 
of demobilization, the majority, though 


hostile to many it not most Aimy policies, 
continued to approve the point system 
(which determined the order, not the 
late, of demobilization) In view of the 
explosive tensions in the early demobili- 
zation period, histoiians may find that 
the establishment of an objective system 
whose justice was accepted by most men 
saved the countiy limn what could 
have been a crisis seiiously damaging 
to American prestige. 

P LAINLY the findings and the experi- 
ence gamed from these many surveys 
are not limited to the military spheie oi 
to wartime application. While these were 
all studies of men at war, they have im-. 
plications of geneial social importance. 
For social scientists their chief present 
interest lies in the question of how the 
findings and techniques that were de- 
veloped can be applied to civilian insti- 
tutions. 

One important problem to which they 
may be applied, for example, is that of 
increasing job satisfaction. In "World 
War I psychologists first measured apti- 
tudes on a large scale, with such crude 
devices as the Army Alpha test. Out of 
that work came hundreds of psycho- 


percentage of men reporting the specified number of fear symptoms 
in battle, among men saying they were exposed to each combination 

OF SOURCES OF STRESS 


AVERAGE NONBATTLE CASUALTY RATE 


Number of fear symptoms sported 



High casualties in company, saw one or more of best friends killed, 
witnessed enemy atrocity 


67 



High casualties in company, saw one or more ol best friends killed; 
did not witness enemy atrocity 



High casualties tn company; did not see any of best friends killed, 
did not witness enemy atrocity 



Low casualties in company, did not see any of best friends killed, 
did not witness enemy atrocity 


108 


Companies in each regiment grouped according to scores on 
WILLINGNESS FOR COMBAT 

Best 3 companies 

Medium 3 companies 

Worst 3 companies 



Companies in each regiment grouped according to scares on 
CONFIDENCE IN E ’ AT STAMINA 


Best 3 companies 
Medium 3 companies 
Worst 3 companies 



Companies in each regiment grouped according to scores on 
CONFIDENCE IN COMBAT SKILL 


Best 3 companies 
Medium 3 companies 
Worst 3 companies 



Each bar represents 36 companies 


FEAR IN RATTLE depended directly on Lhe number 
and closeness of casualties previously witnessed by the 
soldier questioned* This survey was made amon<> com- 
bat veterans in an infantry division in the South Pacific. 


PRE-BATTLE MORALE measurements showed good 
ability to predicL how men would behave later in com- 
bat. Companies with highest scores on the moiale in- 
dex had fewcsl nonbattle (neuropsychiatric) casualties. 


logical studies in the years between the 
wars. By World Wai II psychology was 
ready with improved techniques ol 
measurement and classification to aid in 
the selection of airplane pilots, naviga- 
tois and bombardiers, and to assign 
soldiers generally on a basis that took 
account ol their abilities. But satisfac- 
tion and efficiency on the job depend on 
more than aptitudes. They depend also 
on the interests and motivations of men. 

In World War II the Research Branch 
found that aptitudes and attitudes were 
like the two blades of a pair of scissors. 
Men who got a chance to volunteer foi 
their specific assignments weie much 
better satisfied than those who never got 
a chance to choose, even though many 
of the lattei actually were using their 
civilian skills. Il would have been pos- 
sible lor the Army to extend the range 
of freedom of choice much further. In 
the future, in civilian industry as well as 
m the armed forces, it is likely that much 
more attention will be given to such at- 
titudes. More can be done to glamorize 
unpopular jobs— the Navy may have 
shown how to do this with its Seabees. 

One of the most important concepts 
used in the Research Branch was the 


principle of relative depiivation. This 
idea leconciled many otlieiwise para- 
doxical findings, not only in the field of 
job satisfaction but elsewhere. For ex- 
ample, two of the most extreme branches 
ol the Army as iar as piomotion oppor- 
tunities were concerned were the Air 
Forces and the Military Police. The Air 
Forces were full of seigeants and cor- 
poials. The MPs were mostly privates. 
Yet men in the Air Foiccs complained of 
lack of promotion opportunities more 
than did those in the Militaiy Police. 
Why? The concept of lelative depriva- 
tion led to an answer. Since most Air 
Forces men got promotions, those who 
did not tended to be personally ag- 
grieved. Since few MPs got promotions, 
those who did not had so much company 
that they did not take it as a personal 
injustice. MPs who were promoted were 
so few that the piomotion was a matter 
of exceptional pride. In other words, 
one's deprivation was always viewed 
lelative to that of others, and the re- 
search problem was to find out who the 
“others” were 

Almost everyone expected that North- 
ern Negro soldiers stationed m Southern 
camps would be more dissatisfied than 


those stationed in Noilhem camps. It is 
txue that those sent South did complain, 
often bitteily, of Jim Crow regulations 
and of treatment by the local police. Bui 
in general their morale was as good as 
or bettei than that of Northern Negroes 
stationed in the North. Why? After 
elaborate cross- tabulations that elimi- 
nated education and other factors as 
the explanation, it finally appeared, as 
should have been seen earlier, that rela- 
tive to civilian Negroes in the South the 
Negro soldiei apparently perceived him- 
self to be well treated. But when a 
Northern Negro at a Northern camp 
compared himself with civilian Negroes 
making big money in the war industries, 
he apparently felt himself not so fortu- 
nate. 

In spite of intense eagerness to get 
home, the job satisfaction of soldiers in 
the rear aieas of active theateis overseas 
was as high as or higher than that of 
men doing the same kinds of jobs m the 
U.S, Why? Part of the explanation, of 
course, was the sense of the importance 
of their overseas mission. But another 
significant aspect appears to be the fact 
that, relative to the combat troops they 
knew, the rear-area men had jobs which. 
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though often unpleasant, tended to be 
safe. Veiy few were found who had the 
desnc to change places with the combat 
men. 

On the other hand, these lcar-aiea 
tioops and soldiers m overseas noncom- 
bat areas such as Panama, Alaska, Iian 
and most of India-Burma were the most 
vocal of all m their criticism of officers. 
Why? Analysis of many studies all ovei 
the world indicated that one of the basic 
factors m enlisted mens antipathy to 
officers 1 elated to the special privileges 
of rank, which involved many practices 
alien to American democratic traditions. 

If the supply of attractive women, 
liquor 01 entertainment was severely 
limited, as was often the case overseas, 
the pioblem of equitable distribution be- 
came acute. If, as was charged, the offi- 
cers tended to monopolize such desired 
objects, the men's resentment is un- 
derstandable. There was even greater 
scarcity of these attractions m the front 
lines, but there the officers and men 
shared the same deprivations. At camps 
in the U.S, there was less deprivation; 
therefore the so-called caste system, 
though productive of much irritation, 
was not as heavily criticized there as in 
places where the relative deprivation of 
enlisted men as compared with officers 
was greatest. 

A LL this has significant implications 
dor civilian life. In industry, or in 
the family, or wherever wo aie, satis- 
faction is a relative malter. The key to 
understanding a given attitude is to learn 
the context in which the attitude is ex- 
pressed and the standards of comparison 
that exist in the given situation. 

These studies also made clear the im- 
portance of studying what the sociologist 
calls informal social controls. Perhaps 
few organizations have more elaborate 
formal rules than the Army, but in the 
last analysis, m the Aimy as elsewhere, 
the most powerful control is that of one's 
own fellows. Some searching analyses 
were made of the process of “ gold- 
bricking”— that is, appearing to be busy 
without really accomplishing much of 
anything. Goldbricking, an older word 
for which, significantly, is “soldiering," 
sometimes was practiced with so hearty 
a group spirit that it represented high 
morale from the standpoint of the 
group— though not from the standpoint 
of the Army command. Studies showed 
that there were clear-cut codes about 
goldbricking. A soldier who refused to 
conform to the code was a target for 
scorn from his fellows; on the other 
hand, when the group felt that a given 
task was necessary or that the group 
would he punished if it were not ful- 
filled, then an individual goldbricker be- 
came an object of scorn. 

A long series of studies of combat 
troops, based on thousands of systematic 
interviews and on personal front-line ex- 
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pencnces of Research Branch members, 
emphasized the central importance of 
such informal controls, or group opin- 
ion, in sticss situations. Compared with 
the feeling that one must not lose face 
m the eyes of one's fellows or let them 
clown, patriotism, hatred of the enemy 
and other stereotyped explanations of 
what keeps a person going m combat 
seem to have been negligible factois. 

One of the greatest weaknesses of 
social science has been the inlrcqucncy 
of its use of deliberately designed con- 
trolled experiments, which are the only 
sure method of determining whether a 
change in one variable actually will be 
followed by a change in another. From 
the beginning of the war the Research 
Branch i ccogmzed the need for such ex- 
periments. But neither the Army nor the 
U.S. public m general has been m the 
habit of asking for this kind of evidence 
from social scientists. Although the 
Army would not think of adopting a new 
weapon without exhaustive tiials, it was 
not neaily as ready to try out a new 
social idea— such as a different personnel 
policy or a different training method- 
on a very limited scale, with careful con- 
trols to measure exactly what the effects 
would be. 

There were instances in which the Re- 
search Branch was able to obtain a kind 
of experimental proof, even m situations 
that were not deliberately set up as con- 
trolled experiments. For example, the 
Aimy tried out in Europe the radical 
idea of placing an entire platoon of 
Negro volunteers in a white mfanliy 
combat company. This was done in sev- 
eral divisions, most of which saw several 
months of subsequent battle. At the end 
of the campaign interviewers polled 
sample groups of men in several divi- 
sions to find out how the attitudes of men 
who had served with Negroes compared 
with those of men who had not. In di- 
visions that had no mixed companies, 
62 per cent of the soldiers said they 
would dislike very much to serve in the 
same companies as Negioes. Of white 
inf anti y men who had fought in the same 
divisions but not the same companies as 
Negroes, only 20 per cent said they 
would dislike it very much. And among 
white inf anti y men who had actually 
been in the same companies as Negroes, 
only 7 per cent said they disliked it very 
much. 

There was another very interesting 
finding. Two thirds of the white men in 
the mixed companies, when polled after 
the experience, said that they had been 
opposed to the scheme beforehand and 
had thought it would fail. This was 
almost exactly the same proportion of 
opponents as was found in divisions that 
had not experienced the plan; in other 
words, the retrospective answers about 
attitudes corresponded closely to those 
of groups reporting current attitudes, so 
one finding tended to confirm the other. 


The findings can therefore be consid- 
ered, cautiously ol course, to approach 
in reliability the result of a controlled 
experiment, although it falls far short of 
the ideal. 

E ARLY in the wai the Research 
f Branch sought a full-fledged oppor- 
tunity to demonstrate the value of con- 
trolled experiments. This opportunity 
came in connection with the physical 
training piogram. 

A committee of physical educators 
had proposed a new physical condition- 
ing program lor the Army, based on 
modem expeiience m training football 
playeis and other athletes. They be- 
lieved that the traditional Army regimen 
of setting- up exeicises and hikes was un- 
interesting to the men, time-consuming 
and generally inefficient. A Research 
Branch survey of samples of troops 
throughout the countiy, using tests of 
physical proficiency devised by the com- 
mittee, confirmed the criticism. It 
showed that men who had been in the 
Army six months to a year and had been 
subjected to the old-fashioned condi- 
tioning system made little better scores 
on tests of strength or of stamina than 
did new recruits. That the tests were 
valid measures of physical condition was 
confirmed by the fact that paratroopers, 
initially selected for ruggedness and sub- 
jected to particularly ngorous physical 
tuuning, weie able to make high scores 
on them. 

A controlled experiment was then set 
up. Two samples of new recruits, 
matched on initial proficiency tests, 
were selected. One sample was put 
through the conventional Army course 
of calisthenics and hikes. When retested 
the gi oup showed only a slight improve- 
ment over its initial scores. The other 
group was given the rigorous new pro- 
gram of training. After six weeks its 
proficiency scores weie far superior, 
almost as high as those of the para- 
troopers Moieovei, the men getting this 
tiaimng liked it better than did those 
in the traditional progiam. The results 
persuaded the Army to scrap its tradi- 
tional procedures and introduce the new 
piogram on an Army- wide basis. 

While the hopes that this demonstra- 
tion would induce the Army to tiy other 
experiments in handling its human re- 
sources were not fully realized, the use 
of controlled experiments became an im- 
portant part of the developmental work 
of the Information and Education Di- 
vision. One of the functions of this Divi- 
sion was to make motion picture films 
to give the soldiers better orientation to 
the war. The “Why We Fight” series 
of films, produced under the direction of 
Colonel Frank Capra, was studied in de- 
tail. Analyses were made by the attitude- 
survey method of the effectiveness of 
the films in general, the differential 
effects on different types of soldiers and 



the impact of specific elements of film 
content. 

Experimental studies also weie of use 
in testing theories on propaganda tech- 
niques. For example, is propaganda 
more effective when it tries to present 
an opposing point of view and refute it 
than when it merely xeiterates one's own 
position, a la Goebbels? Experimental 
studies made in the Research Branch 
suggest that the answer may be yes and 
no. Presenting both sides seemed to be 
more effective for winning the better- 
educated soldiers to the point of view 
wanted, but less effective among the less 
educated. The latter tended to get from 
the two-sided piesentation doubts that 
they might not otheiwise have had. 

O NE of the chief obstacles to carry- 
ing out controlled experiments is 
the lack of good eritena of measure- 
ment. For example, the Research Blanch 
made extensive studies of fear among 
soldiers. Thousands of combat men were 
interviewed. Some expeiimcnts were 
carried out, notably at the school for 
training paralioopers. But even at the 
end of the war there was no reliable 
answei to the following question- Is it 
better to scare combat soldiers badly 
from ihe beginning of their training, to 
lead them gradually into more and more 
(lightening situations, or not to scare 
them at all? What complicates the prob- 
lem is that lear may have either harm- 
ful or useful effects: It may freeze a 
person or cause him to act erratically or 
run away; on the other hand, it may 
make him moie attentive to danger sig- 
nals and selective of those to which he 
must respond in different ways. The 
trouble is that we have as yet no good 
ciitena for measuring fear and evaluat- 
ing its adaptive value. 

A good case can be made for the 
hypothesis that this lack of measured 
criteria is one of the main reasons why 
expei indentation in the social sciences is 
so rare as compared with the physical 
sciences, and why the social sciences 
have moved so slowly. Medical science 
made similarly slow progress until mod- 
ern instiuments of biological measure- 
ment were developed. The Research 
Branch made some new attacks on the 
measurement problem in social psychol- 
ogy and sociology, and a considerable 
part of its report is devoted to a fresh 
analysis of measurement theory which, 
it is hoped, will stimulate concerted 
efforts in this direction. Another decade 
or two of accumulated experience is 
likely to see great improvements in social 
science, particularly as more and more 
of the newer students get a hardheaded 
training in mathematics, statistics and 
the design of experiments. 

Samuel A. Stouffer is professor of sociol- 
ogy and head of the Laboratory of So- 
cial Relations at Harvard University . 


(a) After the war when the Army starts releasing soldiers back to civilian life/ 
which of these two groups of men do you think should be released first? 
(Check only one) 

_ Men with dependents 
or 

— ■ - Men over 30 years of age 

(b) Which of these two groups of men should be released first? (Check only one ) 

Men who have been in the Army longest 

or 

Men with dependents 

(c) Which of these two groups of men should be released first? (Check only one ) 

. Men over 30 years of age 

or 

Men who have served overseas 

(d) Which of these two groups of men should be released first? (Check only one) 

Men who have served overseas 

or 

Men who have been in the Army longest 

(e) Which of these two groups of men should be released first? (Check only one ) 

, Men over 30 years of age 

or 

Men who have been m the Army longest 

(f) Which of these two groups of men should be released first * (Check only one) 

Men with dependents 

or 

Men who have served overseas 


QUESTION “In general, what do you think of the Army Score Card Plan (the point system)?" 


PERCENTAGE RESPONDING 
Not Not No 

good so opto* Fairly Very 



POINT SYSTEM for demobilization was based on preferences of soldiers 
as expressed in world-wide j>oll (above). Most GIs later approved system 
adopted, but approval varied somewhat with the individual circumstances. 
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Pauling and Beadle 


Two investigators at the California Institute of 
Technology have laid the groundwork for an 
unusual partnership of chemistry and biology 


l)y George W. Gray 


M ORE than four centimes have 
passed since Paracelsus of Ho- 
henheim gave scientific medicine 
its charter in his celebrated hypothesis: 

The human body is a' conglomeration 
of clujmical matters , when these are de- 
ranged illness results , and naught but 
clujmical medicines may cure the same. 

It has taken man a long time to learn 
even a small part of these “chymieal mat- 
ters/’ As recently as 1849 the molecular 
weight of water was so uncertainly 
known that this principal ingredient of 
the body’s conglomeration was still being 
written as HO by many chemists. In- 
deed, the idea that each atom has a 
definite combining power was yet to 
be accepted. Now the situation has 
changed. Biochemistry is today the piin- 
cipal battleground of science’s attack on 
disease. The wealth of physiologically- 
useful chemicals whose identification 
came out of these studies— such com- 
pounds as the vitamins, the hormones 
and the antibiotics, to name but three 
gioups— provides powerful evidence m 
support of the Paracelsian doctrine and 
has spurred research in hundreds of uni- 
versities, medical schools, and institutes. 

A recent visit to the California Insti- 
tute of Technology gave me the oppor- 
tunity to see at first hand a s hiking 
example of the present-day partnership 
of chemistry and biology— a union which 
has been solemnized at the Institute m a 
large new joint project of its chemical 
and biological divisions. The chemists 
and biologists here are not consciously 
seeking for new vitamins, new hormones, 
new antibiotics, or any other specific nu- 
tritional or therapeutic agent. Their 
quest is for more fundamental knowl- 
edge. They are conducting a systematic 
search mto the ways in which the body’s 
molecules behave. And because die liv- 
ing process is always associated with 
huge molecules comprising hundreds, 
thousands, and even tens of thousands of 
atoms in a single structure, the program 
at the Institute is being focused primarily 
on these giant molecules. Their attrac- 
tions and repulsions, their combinations 



and modifications, then breakdown into 
smaller units and the joining of these mto 
new combinations— it is such gomgs-on 
that the Pasadena scientists are prying 
mto with all the techniques that chemis- 
tiy can bring to leinfoice those of biolo- 
gy. Their inquiry is directed at the most 
fundamental of all biological processes: 
lepioduction, nutrition and giowth, each 
studied at the molecular level. 

Biochemistry has two avenues of ap- 
proach. One may entci it from either the 
biological side 01 the chemical, and usu- 
ally the mam strength of a leseareh pio- 
giam comes from one or the other of 
these two directions, seldom from both. 
A remarkable aspect of lire dual piojecl 
at Pasadena is its balance. This is not a 
case of a biological laboiatory adding a 
chemical department to its facilities, nor 
yet that of a chemical laboratory taking 
an interest in biological pioblems. It is, 
lather, a joining of forces between two 
coordinate divisions, each of which is a 
leader in its field. 

T HE Division of Chemistry at the Cali- 
fornia Institute was founded by Ar- 
thur A. Noyes, who had previously 
served as acting president of the Massa- 
chusetts Institute of Technology. He was 
a physical chemist; his emphasis was on 
the inorganic aspects of the science, and 
aspiring chemists from all ovei America 
came to California to study the funda- 
mentals undei the master 

Among these students was Lmus Paul- 
ing, a recent graduate of the Oregon 
State Agricultural College, Perhaps 
Noyes saw in him the man lie wanted to 
tram as his successor. At all events, the 
young Oregonian became a favorite pu- 
pil, spent three years of advanced study 
under Noyes, and was so imbued with 
the physical aspects of chemistry that he 
seriously considered specializing m 
atomic physics. A National Research Fel- 
lowship enabled Pauling to spend a year 
in Munich with one of the world’s lead- 
ing theoretical physicists, Arnold Som- 
m erf eld, and these studies were con- 
jjtnmed the following year with Niels 
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Bohr at Copenhagen and Eiwin Schio- 
dmger at Zunch. But the problems that 
made the strongest appeal to him were 
in chemistry, so Pauling remained a 
chemist, meanwhile continuing his in- 
vestigation of the forces that operate 
between atoms and molecules, a study 
which resulted m his great book The 
Nature of the Chemical Bond. The Cali- 
fornia Institute of Technology made him 
a lull proiessoi in 1931, when he was 
only 30 ycais of age, and following 
Noyes’ death m 1936 Pauling was ap- 
pointed to succeed him as chan man of 
the division and director of the chemical 
laboratories. 

“I was a physical chemist,” explained 
Dr. Pauling, “with this dominating in- 
terest m the f oi ees which cause atoms to 
join mto molecules and molecules to 
leaet with one another. The forces are 
electrical, of course, and depend on the 
number of protons and elections present 
and the older of then ammgement m the 
stiuctuies. This is essentially a physical 
subject; or, lather, it belongs to that 
borderland where chemistry and physics 
merge In these investigations I naturally 
selected the simpler molecular structures 
to work with, such as the metals and in- 
oi game compounds; but m the coin sc of 
the research I also tested an organic sub- 
stance whose molecule is large and com- 
plicated— the hemoglobin which gives 
the blood cells then led color. I found 
that m ai terial blood the hemoglobin was 
repelled by a magnet, but m venous 
blood it was attracted. This led to a study 
of the chemical bond between the hemo- 
globin and the oxygen which it picks up 
m the lungs. I wanted to consult some- 
one who had specialized on hemoglobin 
and found the authority m A. E. Mirsky 
of the Rockefeller Institute for Medical 
Research. Mirsky came to the California 
Institute for a year, and we collaborated 
on a study which resulted in a joint 
paper.” 

This paper attracted the attention of 
Karl Landsteiner, the discoverer of blood 
types, and Landstemer asked Dr. Paul- 
ing if his theory of the chemical bond 



could throw light on a certain antibody 
i caction. Landsteinei’s lequcst mtio- 
duced Pauling to the highly complicated 
specialty o 1 immunology. The two men 
became close Inends and irequcnt con- 
feiees on the subject. k ‘Fiom that time 
on,” said Pauling, “I gave a gieat deal ot 
thought to the chemical aspects of im- 
munology, tiymg to understand, m terms 
ot the chemical bond, how an antibody 
neutnilizes a virus 01 other antigen.” By 
1939 he had ai lived at a chemical pic- 
tuie ot the leaction and reported his le- 
sults to the Amencan Chemical Society 
as “A Theoiy of the Stiucluie and Proc- 
ess of Foimation of Antibodies.” 

Thus under Pauling the chemistry di- 
vision at the California Institute added 
to its progiam the investigation ot hemo- 
globin, antibodies and otliei molecular 
giants that oiigmatc only in living sys- 
tems, while still continuing the basic 
woik m the chemistry ot inoiganic and 
simplei oi game substances. 

M EANWHILE a tiansition was also 
taking place in the Institute’s Divi- 
sion of Biology. This division had been 
organized in 1928 by Thomas Hunt 
Morgan, who had left the chair of exper- 
imental zoology at Columbia Univeisity 
to pioneer this new planting m Califor- 
nia. Like Noyes in physical chemistry, 
Morgan was alieady world-famous in 
genetics; and his coming to Pasadena 
brought several strong additions to the 
faculty, most ol them geneticists, and at- 
tracted fiom all pails of the country stu- 
dents who wished to specialize in ibis 
science. 

Genetics lends itself to mathematical 
treatment more easily than most biologi- 
cal sciences, and peihaps it is rightly 
called the most 4 physical” of the branch- 
es of biology. Certainly Moigan had a 
strong urge toward collaboration be- 
tween biology on tlie one hand, and 
chemistry, physics and mathematics on 
the other. After Morgans re (moment in 
1941, the biological division was admin- 
istered for several ycais by a temporary 
staff committee. Toward the end ot 1945 
a successor to Morgan was found m the 
person of Stanford University’s professor 
of genetics, George W. Beadle. 

Beadle’s histoiy had closely paralleled 
that ol Pauling. -Both men had been Na- 
tional Research Fellows; and as Pauling 
had come to the California Institute to 
study under Noyes, so Beadle had come 
to study under Morgan. It is also signifi- 
cant that at the time when Pauling was 
turning his attention more and more to 
the biological molecules, Beadle was be- 
coming interested in chemistry as the 
handmaiden of genetics. During his 10 
years at Stanford he had devoted most of 
his research effort to experiments with 
the bread mold, Neurospora , and was 
able to demonstrate in this lowly fungus 
that the processes of nutrition are di- 
rected by the genes. Perhaps it is not 



LINUS PAULING is head of Caltech’s Division of Chemistry. He first came 
to the Institute from Oregon Slate College, was made a full professor at 30. 



GEORGE BEADLE is head of Caltech’s Division of Biology. He studied 
at the Institute with Thomas Hunt Morgan, became head of Division in 1945. 
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FORMATION OF ANTIBODY may proceed somewhat 
as shown in these drawings. Antigen molecule here is 
a roughly spherical structure of atoms. Precursor of 
antibody molecule is a long polypeptide chain. Two 



ends of the chain are folded to fit characteristic parts 
of the antigen (IX, III, and IY) . Two fitted ends are then 
joined by further folding (V) . Final antibody (VI) 
is able to combine with two antigens to form clumps. 


undue puuse to say that Beadle’s work 
with the mold did moie than any other 
lesearch to establish the chemical nature 
of genic action. 

With chemical leseaich m charge of a 
biologically-mmded chemist, and with 
biological lesearch placed undei the di- 
1 action of this chemically-minded genet- 
icist, the Call ! 01 ma Institute now ofieied 
an unusual opportunity. The Divisions of 
Biology and Chemistry immediately pie- 
paied a piospcctus outlining “a joint 
program of research on the lundamental 
pioblems oi biology and medicine.” The 
piogiam would occupy 15 yeais and 
would involve considerable enlargement 
ol stalf Application was made to philan- 
thropic Inundations loi suppoit. It was 
estimated that about five yeais would 
be lequircd to biing the piogiam to its 
full operating capacity. As intei lm giants 
to assist the woik during the “letoolmg 
penod,” the Rockeieller Foundation ap- 
propriated $50,000 m 1946 and an equal 
amount in 1947, following these m 1948 
by a long-term appropriation of $700,- 
000 to be paid in annual installments of 
$100,000. Thus $800,000 has been com- 
mitted by this one agency within the last 
tbiee years. In addition, the project has 
attracted suppoit from other sources. 
It is getting $60,000 a year irom the Na- 
tional Foundation for Inlantilc Paralysis, 
and lesser grants from The Nutrition 
Foundation and the Hermann Fiasch 
Foundation. The woik occupies an im- 
poitanl place m the budget of the Insti- 
tute, and by 1951 it is expected that 
this rescaich will entail annual expendi- 
tures of $400,000. 

O F the two essentials to successful re- 
search-manpower and equipment— 
the human element is of course the more 
important. What makes the situation at 
the California Institute challenging is the 
presence there of the two staffs of scien- 
tists with theii already integrated team- 
work of biology and chemistry. In 1946, 
when the joint pi ogram was projected, 
the staff in biology, including all workeis 
from professois to rescaich fellows and 
assistants, was made up of 32 persons; 
and the corresponding groups m chem- 
istry totaled 86. At present biology is 
employing the services of 79 and chem- 
istry 97, a grand total of 176 for the two 
divisions, or an increase of 49 per cent 
over the status of three years ago. 

Among the recent staff additions are 
John G. Kirkwood in chemistry and Max 
Delbruck m biology. Kirkwood is m 
the distinguished line of physical chem- 
ists He was Todd Professor of Chemistry 
at Cornell m 1948 when called to the 
newly established Arthur A. Noyes pro- 
fessorship of physical chemistry at the 
California Institute. Like Dr. Pauling, 
he has a piedilection for the giant mole- 
cules, and recently developed a new type 
of electrophoresis apparatus with which 
to study their properties. Tests made at 


Pasadena within the last few months 
show that the Kirkwood apparatus will 
separate the pioteins of blood plasma to 
a finei degiee than any other device 
heretofore used. 

Delbruck is a physicist turned biolo- 
gist. His piimaiy tunning was in Ger- 
many m theoietical physics, but he be- 
came interested m bacteriology and 
came to the U S. as a Rockefeller Fellow 
in biology. He has made many conti i- 
butions to our knowledge of bacteiio- 
phages, the invisible vnuses which piey 
upon bacteria (Scientific American, 
November, 1948) . The viruses occupy a 
boi dei land between the living and the 
nonliving, between biology and chem- 
ist! y, and study of them constitutes an 
important part oi the joint pi ogram. Del- 
In uck joined the Institute faculty m 
1947, coming fiom Vanderbilt Univer- 
sity. 

Among the specialized researchers 
on the combined staffs is Laszlo Zech- 
mcistei, foimeily of the University of 
Pecs, Hungaiy, who came to the Insti- 
tute as piolessor of organic chemistry 
m 1940. Zechmeistei is an authority in 
chromatography, an amazing technique 
for separating organic pigments out of 
mixtures— and his specialty is conti ibut- 
ing directly to the joint research pro- 
gram. Anothei worker is Dan H. Camp- 
bell, an immunochemist, brought here in 
1942 from the University of Chicago. 
Campbell has been collaborating with 
Pauling in an cffoit Lo synthesize anti- 
bodies by direct chemical means— a dar- 
ing project which if successful may revo- 
lutionize the control of infectious disease. 

The plant and equipment of the com- 
bined divisions are already impressive, 
and additions are planned. Besides the 
main chemical and biological laboratory 
buildings, which adjoin each other, there 
are three off-campus laboratories of plant 
physiology, greenhouses, a 10-acre farm 
devoted to the study of genetics in corn, 
a marine laboratory at Corona del Mar 
on the Pacific shore, and a large new 
undei ground animal house on the Insti- 
tute campus. Construction of a new $2 
million building, which will be used 
for the joint chemistry-biology program 
and will increase the research quarters 
of the two divisions by 75 per cent, may 
begin this year. 

E aie seeking to uncover the prin- 
ciples that govern fundamental 
processes of life,” explained Beadle. “If 
we could do so, the solution of prac- 
tical problems in medicine would follow 
inevitably.” Therefore, the researchers 
are studying genes, antibodies, viruses, 
hormones, biological pigments, and re- 
lated structures. How does each behave 
biologically, and how can this behavior 
be accounted for chemically? Chemical 
behavior is related directly to the mo- 
lecular structure of the reacting sub- 
stances: therefore one of the principal 


objectives of the program is chemical 
analysis. What are the building blocks 
that enter into the constiuction of genes 
and the other molecules? Plow aie these 
building blocks put together, in what 
oidei of arrangement, and what are the 
resulting size and shape of the structure? 

“Science is still fai from completely 
analyzing these biological agents,” said 
Beadle, “but the investigations tend to 
show that the molecular foim known as 
piotein is the key stiucture Apparently 
most of the bodies that we are studying 
m our progi am are eitliei simple proteins 
oi conjugated proteins ” 

Simple proteins aie simple only by 
contrast with the vaster architecture of 
the conjugated molecules. Actually, a 
“simple” protein consists of hundreds, 
sometimes thousands, of atoms. When 
placed beside familial moiganic mole- 
cules, such as those of water, sulfuric 
acid, ammonia, and table salt, even the 
smallest protein molecule is like a whale 
among minnows. But a protein is simple 
m this respect: when leactive agents are 
applied to bieak down its molecule, the 
molecule docs not sepaiate into its hun- 
dreds oi thousands of individual atoms, 
but divides into characteristic groups of 
atoms which the chemists know as amino 
acids. It is as though when a house was 
demolished, it bioke up into basement, 
rooms and attic, i other than into indi- 
vidual bricks and boards. Twenty-three 
different amino acids have been found 
m proteins, and the possible combina- 
tions that may be formed from these 23 
building blocks run into millions. It is 
no wonder that proteins occur iii the 
wide variety which makes one man’s 
meat another man’s poison. But a num- 
ber of the most familiar and wholesome 
substances of the body’s equipment are 
simple proteins, pepsin and many of the 
other digestive enzymes, insulin and 
many of the hormones, albumin, fibrino- 
gen, and many other components of the 
blood plasma. 

The conjugated proteins represent a 
further step in stiucture. After a simple 
protein molecule has been built by the 
joining together of molecules of different 
amino acids, it may hook on to a pig- 
ment and foim a conjugated protein such 
as the hemoglobin of the blood. Or, it 
may attach itself to a complicated chain 
of sugar molecules known as a poly- 
saccharide and form a conjugated pro- 
tein of another type, such as the mucin 
of saliva. Another possibility is the join- 
ing of a protein with a vitamin— the en- 
zyme carboxylase is of this type. Finally, 
proteins may he linked with nucleic 
acids to form nucleoproteins— and here 
we leach the ultimate of giantism among 
molecules. Foi if a simple protein is 
pictured as a whale among the minnows, 
a nueleoprotein may be likened to a levi- 
athan with form so tremendous that it 
might swallow the whale. Nucleic acid 
alone is a large structure— some of its 
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FORMATION OF CLUMPS may proceed on die basis postulated in the 
drawings on page 18 . Antigen and antibody molecules are joined together 
until tliey form a visible precipitate. When an antibody lacks this precipi- 
tating power, it is probably unable to combine with more than one antigen. 



FITTED GROUPS OF ATOMS are the basis for the specificity of antigen 
JSBBl, antibody. In the center is p-azosuccinanilate ion group of a protein 
Around it is the complementary region of an antibody that spe- 
ca ^ : combines With it. Antigen and antibody are one Angstrom apart 



molecules contain 160,000 atoms— and 
when units ol this size combine with 
units the size ol pi oleins, the combina- 
tion is liuly enormous. Some ol the 
viiuses which Wendell M. Stanley iso- 
lated m his studies at the Rocket eller 
Institute weie identified as nueleopro- 
teins and had a molecuhu weight up to 
eight million times that ol hydrogen. 
Such stiucluics comprise nearly a mil- 
lion atoms. 

I T is believed that both vnuses and 
genes arc nucleoprotems, while the 
antibodies aie thought to be simple pro- 
teins consisting of chains ot ammo-acid 
residues 1 elded Logethei m a ceitam way. 
These tolded chains of interlinked 
ammo-acid residues are called polypep- 
tides. Accoiding to Pauling's theory, 
countless numbeis of them are afloat m 
the bloodstream; and whenever they 
encounter certain bacteria, vnuses, or 
other foieign bodies m the blood, the 
mutual attractions between the two cause 
the chain to approach and attach itself to 
the invader. The action of the chemical 
bond thus causes the polypeptide chain 
to told up and overlay a surface aiea 
ol the mieiobe, foimmg a shield or en- 
ciustation which blocks the latteTs 
activity 

“The genes, wo believe, exercise an 
ovoi ruling coni] ol on all these activities,” 
said Beadle. “They do this, we think, 
by serving as the master patterns lor the 
many proteins which function m the 
processes ol life. Thus, there is prob- 
ably a gene which scives as the template 
for the body's manufacture of insulin, 
another which provides the mold for 
pepsin, and so for albumin, fibrinogen, 
the polypeptide chain that foims anti- 
bodies, and all the rest. 

“There aie several thousand genes 
distributed among the 48 chromosomes 
ol the human body cell, a number suf- 
ficient to provide templates tor the thou- 
sands ol big molecules rcquiied lor 
health. Diabetes, on this theory, is a 
consequence of a missing oi defective 
gene, leaving its victim unable to manu- 
lacture insulin. Similarly, the bleeders 
oi hemophiliacs lack the normal gene 
for manufacturing a substance which is 
an essential component of the blood- 
clotting equipment. 

“Our experiments with the bread 
mold, Neurospora , have demonstrated 
this genic control of the biochemical 
processes in numerous instances. We 
found, for example, that after exposure 
to ultraviolet radiation, Neurospora lost 
its ability to make certain vitamins. The 
genes which controlled this manufacture 
had been destroyed, and thereafter 
Neurospora languished unless these vita- 
mins were supplied in its food. Similar- 
ly, Sterling Emerson of our laboratory 
found that a minute change m its genes 
caused the Neurospora to accept as food 
a compound that before the change had 


acted as a poison. Indeed, alter muta- 
tion, the Ncurospora would not grow 
unless fed a sullonamide which picvious- 
ly had blocked giowth and caused 
death ” 

As a step toward undei standing the 
proteins, the chemists are working first 
on the amino acids, tiymg to map pie- 
cisely the stiuctuie of these piotem 
building blocks. Robert B. Coiey spent 
a year and a half analyzing the con- 
figuiahon of glycine, the simplest of 
the ammo acids. He bombaided it with 
X-iays, andmeasuied the angles at which 
the rays bounded off the molecule. In 
this way he not only detei mined the po- 
sition oi each carbon atom, each oxygen 
and each hydiogen in the glycine, but 
actually mcasuied the distances between 
the atoms. Alter completing this job, 
Corey went on to alanine, which is larger 
and moie complicated The expeiienee 
he had gained on glycine stood him in 
good stead, and he required only a yeai 
to work out the exact pattern of alanine. 
He has now taken up a still moie com- 
plicated ammo acid, threonine. Step by 
step the group plans to move fiom the 
ammo acids to moie complicated stiuc- 
tuies, with the hope that eventually they 
may be able to dissect some oi the pro- 
teins, perhaps even nueleoprotoms, into 
their integral parts. 

The strongest impression that one 
biings back fiom a visit to the Institute 
team is the magnitude of the task of 
analyzing these invisible molecules. 
Iiemy A. Rowland used to tell his stu- 
dents at Johns Hopkins University that 
the mcrcuiy atom must he at least as 
complicated as a grand piano. Following 
this analogy one might say that the bio- 
logical molecule, such as a unit of in- 
sulin, for example, is probably as com- 
plicated as a symphony oichestia. The 
giand piano of mercuiy has now been 
completely mapped in terms of elections, 
protons and neutrons, and the physicists 
are even able by the bombardment 
technique to make mercuiy fiom othei 
elements. But the full symphony of in- 
sulin lemams a chemical enigma. No 
one yet has analyzed it, and of course 
no synthesis of insulin has been achieved, 

Foitunately medical men are able to 
use biologically-active molecules with- 
out knowing very much about them, but 
they crave the control of processes and 
lesults which fundamental knowledge 
would give. Along this road, the sci- 
entists believe, lies the unmasking of 
stubborn mysteries; the elucidation of 
cancer, of aging, of the divine spark 
itself. The search for fundamental 
knowledge thus becomes the most prac- 
tical of all biochemical quests. 



George W Gray is author REMARKABLE SPECIFICITY of antibodies was demonstrated by expert 

of Cosmic Rays, which ment involving three very similar atomic structures. Maleanilate ion was 

appeared in the March found to inhibit antibody specific for p-azosuccinanilate ion group. Fumar- 

issue of this magazine. anilate ion did not inhibit antibody, presumably because it did not fit. 
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THE THEORY OF GAMES 


From it is being forged a new tool for the analysis of 
social and economic behavior. The new approach already 
has shown its superiority to classical economic theory 

by Oskar Morgenstern 


T HE analogy between games of 
strategy and economic and social 
behavioi is so obvious that it finds 
wide expression in the thinking and even 
the language of business and politics. 
Phrases such as “a political deal” and 
“playing the stock market” are familiar 
reflections of this. The connection be- 
tween games and these other activities 
is more than supeificial. When they are 
examined by the methods of modern 
mathematics, it becomes evident that 
many of the forms of economic and so- 
cial behavioi are strictly identical with— 
not meiely analogous to— games of strat- 
egy. Thus the mathematical study of 
games offers the possibility of new in- 
sights and piecision in the study of eco- 
nomics. 

The theoiy of probability aiose from 
a study of lowly games of chance and 
from the desiie of professional gamblers 
to find ways of taking advantage of the 
odds. Far more difficult problems are 
presented by games of strategy such as 
poker, bridge and chess. In these games, 
where the outcome no longer depends 
on chance alone but also on the acts of 
other players and on their expectations 
of one's own present and future acts, a 
player must choose among relatively 
complex strategies. Mathematically, 
these problems lemained not only un- 
solved, but even untouched. 

Gottfried Wilhelm Leibnitz, the Ger- 
man philosopher and mathematician, 
seems to have recognized that a study of 
games of strategy would form the basis 
of a theory of society. On the other hand, 
many efforts along qmte different lines 
were made by philosophers and econo- 
mists to provide a theory for “rational 
behavior” for individuals, business cor- 
porations, or even for entire communi- 
ties. 

Such a theory must be quantitative, 
which means that it must ultimately as- 
sume a mathematical character. A theory 
of games fulfilling these requirements 
would take into account that participants 
in a game vary in information and intelli- 
gence, that they have various expecta- 
tions about the other players' behavior, 
and that different paths of reaching their 
goal may be open to them. The theory 


must also allow foi the fact that the posi- 
tion of a playei (or, equivalently, of an 
economic individual 01 a Him) is often 
adveisely affected if his opponent finds 
out his intentions. The player has to take 
steps to protect himself against this con- 
tingency, and the theoiy must indicate 
how he should proceed most efficiently— 
and what his countermeasures would 
mean to the other players. 

Why should such a theory be of in- 
terest to the sociologist and, m particular, 
to the economist? Does not the econom- 
ics of today have an adequate model 
in mechanics, with its notions of forces, 
of equilibrium and stability? Physics is, 
indeed, at the bottom of current efforts 
to provide a statement of rational eco- 
nomic behavior, whether it is mathe- 
matically formulated or not. But many 
important situations that arise at all 
levels in economics find no counterpart 
whatever in physics. 

A typical example is the fixing of wage 
rates between workers and employers 
when both groups have found it to their 
advantage to combine into unions and 
associations. Current economics cannot 
tell us, except m a general manner, un- 
der what circumstances such combina- 
tions will arise, who will* profit, and by 
how much. The two groups have oppos- 
ing interests, hut do not have separate 
means to pursue their contrary aims. 
They must finally come to some agree- 
ment, which may turn out to be moie 
advantageous to one side than to the 
other. In settling their differences they 
will feint, bluff, use persuasion, they 
will try to discover each other's strategies 
and prevent discovery of their own. 
Under such circumstances a theory of 
rational behavior will have to tell a par- 
ticipant how much a given effort will be 
worth in view of the obstacles encoun- 
tered, the obstacles being the behavior 
of his opponents and the influence of the 
chance factor. 

Monopoly and monopolistic market 
forms— that is, trading among only a few 
individuals or firms on one side of the 
market at least— are characteristic of all 
social economies. They involve serious 
feuds and fights, a very different picture 
from the general, “free” competition 


with which classical economic theory 
usually deals. On the orthodox theory, 
the individual is supposed to face prices 
and other conditions that are fixed, and 
is supposed to be in a position to control 
all the variables, so that his profit or 
utility depends only on his own actions 
Actually, howevei, when there are only 
a few individuals, or many individuals 
oigamzed into a few combinations, the 
outcome never depends on the actions of 
the individual alone. No single peison 
has conti ol of all the variables, but only 
of a lew. 

The case of an individual acting in 
strict isolation can be described mathe- 
matically as a simple maximum problem 
—that is, finding the behavior formula 
that will yield the maximum value or 
icturn. The cases involving combinations 
are of an entirely diffeient mathematical 
and logical structure. Indeed, they pre- 
sent a peculiar mixtuie of maximum 
problems, creating a profound mathe- 
matical question for which there is no 
parallel m physical science or even m 
classical mathematics. 

Yet this is the level at which the 
problem of economic behavior needs to 
be attacked. Clearly it is far more realis- 
tic to investigate from the outset the 
natuie of the all-pervading smuggles and 
fights m economic and social hie, lather 
than to deal with an essentially artificial, 
atomistic, “free” competition where men 
are supposed to act like automatons con- 
fronted by rigidly given conditions. 

T HE theory of games defines the solu- 
tion of each game of strategy as the 
distribution or distributions of payments 
to be made by eveiy player as a function 
of all other individuals' behavior. The 
solution thus has to tell each player, 
striving for his maximum advantage, 
how to behave in all conceivable circum- 
stances, allowing for all and any be- 
havior of all the other players. Obviously 
this concept of a solution is very com- 
prehensive, and finding such a solution 
for each type of game, as well as com- 
puting it numerically for each particular 
instance, poses enormous mathematical 
difficulties. The theory makes important 
use of mathematical logic, as well as 



combinatorics (the study of possible 
ways of combining and oidcnng ob- 
jects) and set tlieoiy (the techniques 
for dealing with any collection oi ob- 
jects which have one or more exactly 
specified pioperties m common). This 
domain of modem mathematics is one ol 
exceptional ngoi. But it is believed that 
gieat mathematical discoveries aie le- 
quired to make a break- tin ough into the 
field ol social phenomena. 

A single individual, playing alone, 
faces the simplest maximum pioblem; 
his best stiategy is the one that brings 
him the predctci mined maximum gam. 
Considei a two-peison game: Each play - 
ei wishes to win a maximum, but he can 
do this only at the expense of the othei. 
This situation insults in a zero-sum 
game, since the sum of one playei s gams 
and the othefs losses (a negative num- 
ber) is zcio. One playei has to design a 
stiategy that will assuic him of the max- 
imum advantage. But the same is Uue 
of the other, who nalmally wishes to 
minimize the fhst player's gain, theieby 
maximizing his own. This cleai-cut op- 
position of inteiest mtioduccs an entire- 
ly new concept, the so-called “mmimax” 
pioblem 

S OME games have an optimal “pine” 
strategy. In other words, there is a 
sec [uence of moves such that the playei 
using it will have the saiest strategy pos- 
sible, whatcvei his opponent does. His 
position will not dcleiiorale even if his 
stiategy is found out. In such “strictly 
determined” games, evciy move— and 
hence every position resulting from a 
series of moves— is out m the open. Both 
playei s have complete mfoimation. The 
mathematical expression of this condi- 
tion is that the function describing the 
outcome of a game has a “saddle point.” 
This mathematical term is based on an 
analogy with the shape of a saddle, 
which can be regarded as the intersec- 
tion of two curves at a single point. One 
cuive m a saddle is the one in which the 
rider sits; the other is the one that fits 
over the horse's back and slopes down 
over its sides. The seat of the saddle 
lepresents the “maximum” curve, and its 
low point is the “maximin.” The curve 
that straddles the horse's back is the 
“minimum” curve, and its high point 
is the “minimax ” The point at which 
the two curves meet at the center of the 
saddle is the “saddle point.” In the the- 
ory of games, the somewhat more spe- 
cial saddle point is the intersection of 
two particular strategies. 

The mathematical values of the strate- 
gies involved in a hypothetical game of 
this kind are represented in the diagram 
on this page. This shows a simple game 
between two players, A and B, each of 
whom has available three possible strate- 
gies, There are nine possible combina- 
tions of moves by A and B. The numbers 
in the boxes represent A's gains or losses 


for all combined strategies and, since 
this is a zeio-sum game, then negatives 
lepiesent B's losses or gains. A's mmimax 
stiategy is A-2, because if he follows that 
sequence of moves, he is sure to win at 
least two units no mattei what B does. 
Similarly, B's mmimax stiategy is B-l, 
because then he cannot possibly lose 
more than two units whatevei A’s plan 
of action. If a spy mfoimed A that B was 
planning to use B-l, A could make no 
piofit hom that information. The point 
where the A-2 row intei sects the B~1 
column is the saddle point for this game. 

It may seem that B has no business 
playing such a game, since he must lose 
two units even with Ins best stiategy, 
and any othei strategy exposes him to 
oven heavier loss. At best he can win 
only a single unit, and then only it A 
makes a mistake. Yet all stnctly deter- 
mined games aie of this nature A simple 
example is Licktacktoe. In peifectly 
played ticktacktoe every game would re- 
sult m a tie. A more complex example is 
chess, which has a saddle point and a 
puie stiategy. Chess is exciting because 
the number of possible moves and posi- 



GAME OF STRATEGY between 
two players, each with three pos- 
sible strategies, has nine possible re- 
sults. Numbers in boxes represent 
A’s gains or losses for each com- 
bination of plays by both players. 

tions is so great that the finding of that 
strategy is beyond the powers of even 
the best calculating machines. 

Other two-person, zeio-sum games, 
however, have no single best possible 
strategy. This group includes gamps 
ranging from matching pennies to bridge 
and poker— and most military situations. 
These games, in which it would be disas- 
trous if a player's strategy were discov- 
ered by his opponent, are not strictly 0 
determined. The player’s principal con- 
cern is to protect his strategy from dis- 
covery. Do safe and good strategies exist 
for “not strictly determined” games, so 
that their choice would make the games 
again strictly determined? Can a player 
m such a game find strategies other 
than “pure” strategies which would 
make his behavior completely “rational”? 
Mathematically speaking, does a saddle 
point always exist? 


It does, and the proof was origmall) 
established m 1927 by the mathemati- 
cian John von Neumann, the originator 
of the theory of games, now at the In- 
stitute for Advanced Study m Piince- 
ton He used vaiious basic tools of mod- 
ern mathematics, including the so-called 
fixed-point theorem of the Dutch mathe- 
matician L E. J. Brouwei. Von Neu- 
mann pioved, by a complex but rigoious 
application of this theoiem to the theory 
of games, that theie is a single “stable” 
or rational course of action that repre- 
sents the best stiategy 01 saddle point 
even in not stnctly cletei mined games. 

This principle can also be demon- 
strated m practical teims. Observation 
shows that m games where the discovery 
of a playei 's plan of action would have 
dangeious consequences, he can protect 
himself by avoiding the consistent use of 
a pure strategy and choosing it with a 
ceitam probability only This substitu- 
tion ol a statistical strategy makes dis- 
covery by the opponent impossible. 
Since the player's chief aim must be to 
prevent any leakage of mfoimation fiom 
himself to the other playei, the best way 
to accomplish this is not to have the in- 
formation oneself. Thus, instead of 
choosing a precise course of action, the 
various possible alternatives aie con- 
sidered with difleient probabilities. 

It is m the nature of probability that 
individual events cannot be predicted, 
so that the strategy actually used will 
remain a secret up to the decisive mo- 
ment, even to the playei himself, and 
uecessaiily to his opponent as well. This 
type of indecision is a well-known em- 
pirical fact. Wherever there is an advan- 
tage in not having one’s intentions found 
out— obviously a very common occur- 
rence-people will be evasive, tiy to 
create uncertainty in the minds of others, 
produce doubts, and at the same time 
try to pierce the veil of secrecy thrown 
over their opponents' operations. 

The example par excellence is poker. 
In a much simpler form, this type of be- 
havior is illustrated in the game of 
matching pennies Heie the best strategy 
is to show heads or tails at random, tak- 
ing care only to play each half the time. 
Since the same strategy is available to 
the opponent, both players will break 
even if they play long' enough and both 
know this principle. The calculation of 
the best strategy grows in difficulty as 
the number of possible moves inci eases: 
e.g., m the Italian game called morra, m 
which each player shows one, two or 
three fingers and simultaneously calls 
out his guess as to the sum of fingers 
shown by himself and his opponent, a 
player has nine possible strategies. His 
safest course is to guess a total of four 
fingers every time, and to vary his own 
moves so that out of every 12 games he 
shows one finger five times, two fingers 
four times and three fingers three times. 
If he plays according to this mixture of 
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stiategies, he will at least bieak even, no 
mattei what his opponent does 

I ET us apply these principles to a 
simple economic pioblem Suppose 
that two manulactureis aie competing 
lor a given consumer maiket, and that 
each is considering tlnee different sales 
strategies. The matrix on this page speci- 
fies the possible values of the lespective 
strategies to manulactmei A This situa- 
tion does not have a single best stiategy 
It A chooses stiategy A-l, B can limit 
his profit to one unit by using stiategy 
B-2 01 B-3, if A chooses stiategy A-2 or 
A-3, B can depuve him of any profit by 
choosing stiategy B-l Thus each manu- 
factuiei stands to lose if’ he concentiates 
on a single sales technique and Ins rival 
discoveis lus plan. Analysis shows that 
A will lose unless he uses a combination 
of A-l, A-2 and A-3, each a third of the 
time. On the othei hand, if manufacturer 
B tails to employ his best mixed stiat- 
egy— B-l a ninth of the time, B-2 two 
ninths of the time, and B-3 two thiids of 
the time— his competitor will gain. These 
mixed strategies are the safest strategies. 
They should be used whenever each 
manufactuiei docs not know what the 
other will do. 

An example which illustrates in statis- 
tical teams many of the conflicts of 
choices involved m everyday liie is the 
famous stoiy of Sheiloek Holmes' pursuit 
by his archenemy, Professoi Monaity, in 
Conan Doyle’s stoiy, “The Final Piob- 
lem ” Holmes has planned to take a tram 
horn London to Dover and thence make 
his escape to the Continent. Just as the 
Dovei train is pulling out of Victoria 
Station, Monaity rushes on the platform 
and the two men see each other. Monar- 
ty is left at the station, lie charters a 
special train to continue the chase. The 
detective is faced with the problem of 
outguessing his pursuer Should he get 
off at Canterbury— the only intermediate 
stop— or go all the way to Dover ,f) And 
what should Monarty do? In effect, this 
situation can be treated as a rathei unu- 
sual veision of matching pennies— a 
“match” occurring if the two men decide 
to go to the same place and meet there. 
It is assumed that such a meeting would 
mean the death of Sherlock Holmes, 
therefore it has an arbitrarily assigned 
value of 100 to Monarty If Holmes goes 
to Dover and makes his way to the Con- 
tinent, it is obviously a defeat for the 
professor, but— also obviously— not as 
great a defeat as death would be for the 
detective. Hence, a value of minus 50 to 
Moriarty is given to this eventuality. Fi- 
nally, if Holmes leaves the train at Can- 
terbury and Moriaity goes on to Dover, 
the chase is not over and the temporary 
outcome can be considered a draw. Ac- 
cording to the theory of games, the odds 
are 80 to 40 in favor of the professor. 

In the story, of course, this game is 
played only once; Sherlock Holmes, de- 


ducing that Monaity will go to Dovei, 
gets off at Canteibuiy and watches lu- 
ll inpli anil v as the pioiessor’s pm suing 
tiain speeds past the intei mediate sta- 
tion. If the game were continued, how- 
ever, Holmes’ look oi timinph would 
hardly be justified. On die assumption 
that Monaity persisted in the chase, cal- 
culations indicate that the gieat detec- 
tive was actually as good as 40 pei cent 
dead when bis tram left Victoua Station! 

The tbeoiy ol games has alieady been 
applied to a numbei ol piactical prob- 
lems Situations similai to that of Holmes 
aie being analyzed m that branch of 
opeiatumal rose ai eh winch deals with 
militaiy tactics, the possible coui ses ol 
action being various dispositions ol 
hoops or combinations ol measiues and 
count ei me asm es The handling ol the 
more complex situations that exist m eco- 
nomics is expected to requite the aid of 
calculating machines. For example, two 
competing autom obile m anuf actui ei s 
may each have a large numbei of strate- 
gies involving the choice of vanous body 
designs, the addition of new accessories, 
the best times to announce new models 
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BUSINESS RIVALRY between two 
firms with three strategies each 
again diagrams A*s possible gains. 
No single strategy is best if the op- 
ponent discovers il ; hence the rivals 
must use a mixture of all ihioe. 

and puce changes, and so on. It has been 
estimated that the calculations lor a 
game in which one manufacturer bad 
100 possible strategies and his competi- 
tor had 200 ( a not uncommon situation) 
would take about a year on an electronic 
computer , 

If we now make the transition to 
games involving tlnee or more persons, 
a fundamentally new phenomenon emer- 
ges— namely, the tendency among some 
players to combine against othei s, or 
equivalently in markets to form trade 
unions, cartels and trusts Such coalitions 
will he successful only if they offer the 
individual members more than they 
could get acting separately. Games 
where that is the case are called essen- 
tial. Coalitions will then oppose each 
other in the manner of individual players 
in a two-person game. A coalition will 
haVe a value for the players who form it, 


and they may theieioic icquire pay- 
ments oi “compensations” Irom now- 
comois who want to entei the coalition 
and shaie m its pioceecls As a mle a 
gieal deal ol bai gaining will piecede 
the deleimmation ol the system ol dis- 
lubution ol gams or piofils among the 
membeis of the coalition. 

Basically, the lonnation oi a coali- 
tion expi esses the fundamental tendency 
towaid monopoly, which is thus found 
to lie deeply cfuuaelenstie of social and 
economic life. Indeed, Adam Smith al- 
icady bad noted the tendency of busi- 
nessmen to “conspiie” against the com- 
mon welfare, as he stated it, by gelling 
togethei into gionps foi better exploita- 
tion. Impoilant chapleis of American 
economic histoiy deal with the efforts of 
government to break eonspiiaeies ol vari- 
ous kinds m ordei to limit the power of 
trusts and other amalgamations. When 
these are lnoken— if at all— they tend to 
arise again, so a continuous watchfulness 
is necessary. 

The powerful forces working toward 
monopoly ought theiefoie to be at the 
veiv centei of economic studies. They 
should replace the pieoccupation with a 
nonexistent puie oi fice competition 
where nobody has any perceptible influ- 
ence' on anything, and where all data 
are assumed to be immutably given. 
Since this is the imaginaiy setup Irom 
which current economic tbeoiy starts, 
it encounters msupeiable difficulties 
when it entei s the lealtn of monopolistic 
competition. It is not surprising, thcie- 
lore, that classical economies has failed 
to yield a geneial theory that embraces 
all economic situations. 

T HE approach to the coalition piob- 
lem m the tbeoiy of games can be 
shown by a tlnee-peison situation m 
which it is assumed that a player can 
achieve a gain m any given play only if 
he joins with one othei player. The gains 
and losses that would result for the in- 
dividual players in the case of each pos- 
sible coalition aie shown in the diagram 
on page 25 Thus il A and B loim a 
coalition, each gains a half unit and C 
loses one unit. What keeps the players 
m the game is that they all stand a 
chance of profit, each players pioblem 
is to succeed in foiming a coalition with 
one of the othei two on any given deal. 
This simplified situation illustrates m es- 
sence much of the conflict that occurs m 
modem economic life. 

Now the important characteristic of 
this type of game is that there is no 
single “best” solution for any individual 
player. A, foi example, can gain as much 
by forming a coalition with G as with B. 
Therefore all three of the possible distri- 
butions of payments, taken together, 
must be viewed as the solution of this 
three-person game. 

There are, of couise, many other dis- 
tribution schemes that might be con- 



siclei eel by the playeis Foi example, 
one of the paitneis m a coalition could 
make a deal with the thiid playei wheie- 
by both impioved then positions (the 
third player 1 educing his losses) at the 
expense of the other partner What is to 
prevent the participants in the game 
from considering all these othei pos- 
sibilities? 

The question can be answered by in- 
troducing the concept of “domination.” 
In mathematical teimmology the various 
possible schemes foi distribution of pay- 
ments aie called “imputations.” One 
imputation is said to dominate another 
if it is cleaily more advantageous to 
all the players m a given coalition. It is 
found, as shown in the three-person 
game described above, that the imputa- 
tions belonging to a solution do not 
dominate each other, m this case all 
thiee imputations have an equal chance 
of being chosen, none is most advan- 
tageous to the players in each coalition. 
While it is extremely difficult to prove 
mathematically that such a solution 
would exist foi eveiy game with arbi- 
tiarily many players, the principle can 
be expected to hold true. 

Now it is also found that while the 
imputations belonging to the solution do 
not dominate each other, individually 
they are not free from domination by 
imputations outside the solution. In 
other woids, there are always outside 
schemes fiom which some of the players 
could profit. But any and eveiy imputa- 
tion outside the solution is dominated by 
one belonging to the solution, so that 
it will be rejected as too risky. It 
will be considcied unsafe not to conform 
to the accepted standard of behavior, 
and only one of the imputations which 
are pait of the solution will materialize. 

These examples give an idea of the 
gieat complexity of social and economic 
organization. In this realm “stability” is 
far moie involved than it is in the physi- 
cal sciences, where a solution is usually 
given by a number or a set of numbers. 
In essential games, in economics and m 
warfare, there is instead a seL of alterna- 
tives, none of which is clearly bettei than 
another or all others. One imputation in 
a set is not more stable than any other, 
because every one may be threatened by 
one outside the solution. But each has a 
certain stability because it is protected 
by other potential imputations m the 
solution against upsets from outside. 
Collectively they eliminate the danger of 
revolutions. The balance is most deli- 
cate, however, and it becomes more 
sensitive as the number of players in- 
creases. These higher-order games may 
have many solutions instead of a single 
one, and while there is no conflict within 
an individual solution, the various solu- 
tions or standards of behavior may well 
conflict with one another. 

This multiplicity of solutions may be 
interpreted as a mathematical formula- 


tion of the undisputed fact that on the 
same physical background of economic 
and social culture utterly different types 
of society can be established. Within 
each society, m turn, there is possible 
considerable variation m the distribu- 
tion of income, privileges and other 
advantages— which corresponds to the 
multiplicity of imputations or distribu- 
tion schemes m a single solution in a 
game. 

The theoiy also yields insight into 
even more delicate social phenomena. 
Although it assumes that every player 
has full mtoi mation, discrimination may 
exist: two players may make a third 
player “tabu,” assigning him a fixed pay- 
ment and excluding him from all negoti- 
ations and coalitions. Yet this anange- 
ment need not lead to complete exploita- 
tion of the thiid playei. In piactical 
economic life, foi example, cartels do 
not annihilate all outside firms, although 
it would not be a technically difficult op- 
eration. Rather, m deference to socially 
accepted standards of behavior they 
allow certain outsiders a share m the 
industry, so as not to attiact undue at- 



COALITION GAME with three 
players produces still another ma- 
trix. Here gains or losses to players 
resulting from various possible coali- 
tions arc shown in vertical columns. 
Player must form partnership to win. 

tention— and to be able to point out to 
the government and the public that 
“competition” exists m the particular 
industry. 

It is surprising and extremely signifi- 
cant that, although the theory of games 
was developed without any specific con- 
sideration of such situations, the fact 
that they exist was derived Rom general 
theorems by purely mathematical meth- 
ods. Furthermore, the theory shows— 
again purely mathematically— that cer- 
tain privileges, even if anchored m the 
rules of a game (or of a society) , cannot 
always be maintained by the privileged 
if they come into conflict with the ac- 
cepted standard of behavior. A privi- 
leged person or group may have to give 
up his entire “bonus” m order to survive 
economically. 

These and many other implications 
can be derived from the study of simple 


three-peison games. Games of more 
than thiee playeis provide further inter- 
esting insights— but at the price of great 
and, m many cases, still insuperable 
mathematical difficulties. The almost 
unimaginable complexity involved may 
be lllustiated by poker, the game which, 
above all others, furnishes a model for 
economic and social situations. The 
subtleties of poker and the countless 
number of available strategies— e.g., the 
technique of purposely being caught 
bluffing now and then so that futuie 
bluffs may be successful— prevent the 
thorough analysis that would be neces- 
sary to throw light on corresponding 
pioblems m practical everyday affairs. 
The matiix of possible strategies for 
poker is so large that it has not even been 
calculated, much less drawn. Consider 
a radically simplified version of the game 
which assumes a deck of only three 
cards, a one-card, no-draw hand, only 
two players, three bids between them 
(the first playei gets two, the second 
one), and no oveibetting. Even this 
watered-down version of poker involves 
a matrix of 1,728 boxes, and computing a 
single best possible strategy for each 
player to an accuracy of about 10 per 
cent might require almost two billion 
multiplications and additions. 

B UT even with its present limitations 
the theoiy of games has made it 
possible to analyze problems beyond the 
scope of previous economic theory. Be- 
sides those alieady indicated, the prob- 
lems now being explored include the 
application of the mathematics for a 
game involving seven persons to the best 
location of plants in a particular indus- 
try, the relation between labor unions 
and management, the natuie of monop- 
oly. 

The initial problem in the theoiy of 
games was to give precision to the no- 
tion of “rational behavior.” Qualitative 
or philosophical arguments have led no- 
where, the new quantitative approach 
may point in the right direction. Appli- 
cations are still limited, but the approach 
is in the scientific tradition of proceeding 
step by step, instead of attempting to 
include all phenomena in a great general 
solution. We all hope eventually to dis- 
cover truly scientific theories that will 
tell us exactly how to stabilize employ- 
ment, increase national income and dis- 
tribute it adequately. But we must first 
obtain precision and mastery in a limited 
field, and then proceed to increasingly 
greater problems. There are no short 
cuts in economics* 
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Atomic Energy 

T HE Atomic Energy Commission is 
building a 400,000-acae field station 
to study the “breeding” of nuclear iuels 
and the design of nuclear piles foi ship 
propulsion and the generation of elec- 
tricity. Located in the spaisely settled 
Snake River plains region of southern 
Idaho, the station will cover an area 
nearly as large as the AEC’s plutonium 
production center in Hanl'ord, Wash. 
Most of the site, which includes the idle 
Arco Naval Piovmg Ground, is already 
owned by the Federal Government. 

Magnetic Moment 

A NEW, highly precise value lor one 
of the fundamental constants of 
nuclear physics— the magnetic moment 
of the proton— has been determined by 
H. A. Thomas, R. L. Driscoll and J. A. 
Hippie of the National Buieau of Stand- 
ards. Protons behave like tmy magnets, 
interacting with magnetic fields, and the 
magnetic moment is a measure of this 
interaction. The Bureau has been able 
to calculate the absolute value of the 
moment directly for the first time. It is 
1.41 X 10 M ergs per gauss. 

The determination will aid in calcu- 
lating other nuclear constants, m design- 
ing research equipment and in measur- 
ing magnetic fields. In fact, the new 
value has already been used to compute 
the most precise figuie yet attained for 
another important constant, the ratio of 
the electrons charge to its mass. e/m. 
The new ratio is 1.7588 X 10 7 electro- 
motive units per gram. 

Stalin Prizes 

F URTHER evidence has come from 
the Soviet Union that T. D. Lysenko, 
proponent of the much-publicized and 
controversial anti-Menclelian theory of 
genetics, is a scientist not without honor 
iii his own country. The Russian agrono- 
mist has just received the top Stalin 
Prize in biology, amounting to 200,000 
rubles (about $40,000). This honor is 
the U.S.S.R/s equivalent of the Nobel 
prize, and is one of a series of awards 
given annually for outstanding work in 
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the aits and sciences. Although more 
than one first prize may be given m any 
blanch of science, only Lysenko ic- 
ceived the highest honor m his field. 

A huge proportion of the other Stalin 
awaids went to atomic scientists. Physi- 
cists won thicc ol the 13 fiist prizes and 
ihiee oi the 100,000-1 ublc second prizes, 
Most oi them were cited (oi achieve- 
ments m nuclear research. The three 
first-prize wmneis m physics weie 
Seigei Veinov, chiel of the Physical In- 
stitute ol the Academy of Sciences (up- 
per-atmosphere and eosmie-i ay studies) ; 
Giorgi Laiishev, head of the Leningrad 
Physical Technical Institute (experi- 
mental icseaich m the physics ol the 
atomic nucleus); Mikhail Lavrentiev 
(research in hydrodynamics) . 

Several prizes wcic also awarded in 
medicine, engineering and agriculture. 
These included the only woman among 
the first-prize winners, Senia Bakhtadzc, 
who was cited for developing two new 
types of tea. 

Degrees C. 

CIENT1STS ropiosimtmg 28 nations 
have voted to discard the traditional 
designation “degrees Centigrade” foi 
metric temp mature leadings and to use 
“degrees Celsius” instead. The recom- 
mendation was made at the International 
Conference on Weights and Measuics, 
holding its first meeting since 1933 in 
Paris. The renaming is in honor of the 
18th-century Swedish astionomer, An- 
ders Celsius. It was suggested to end 
confusion arising from the French prac- 
tice of using the term “Centesimal” as 
well as “Centigrade.” Although the de- 
cision was unanimous, few of the dele- 
gates expect a rapid change-over from 
the old to the new name. 

The Conference also voted to revise 
one of the six fundamental points used 
to fix the International Temperature 
Scale. This is the melting point of silver, 
changed from 960.5 to 960.8 degrees 
Celsius. The other fundamental points 
are: boiling point of oxygen, — 182.97 
degrees C.; freezing point of water, 0 
degrees; boiling point of water, 100 
degrees, boiling point of sulfur, 444.60 
degrees; and melting point of gold, 
1,063 degrees. The new silver point, as 
well as several revisions m the pro- 
cedures for determining intermediate 
temperatures, will become standard 
throughout the scientific world. 

Hoover Commission 

C REATION of a National Science 
Foundation and a strong inter- 
departmental committee to coordinate 


leport ol the Hoover Commission. The 
Commission does not mention any spe- 
cific science-foundation bill, several be- 
ing cuivenlly bcloro Congress. One, 
sponsored jointly by three Democratic 
and three Republican Senators, is ex- 
pected to pass during the present session. 
The Hoover Commission did not assign 
a special “task (bice” to investigate Fed- 
eial science activities; instead, it en- 
dorsed most ol the conclusions in the 
leccnt ropoil of the President's Scientific 
Rescai eh Board. 

The Hoovci leport deohues that the 
Jntculcpai Lmental Committee on Scien- 
tific Research and Development (set up 
by Presidential order more than a year 
ago to eooidinale Fcdcial Kiseaieh ac- 
tivities) has not functioned cllectively 
because it lacks a full-time staff. The 
Hoover Commission recommends that 
the Committee be given sufficient per- 
sonnel and gieater authority. It also 
urges the establishment ol goneml-rc- 
seareli policy staff’s in all Federal agen- 
cies with extensive research programs. 
The Department of Agriculture, the 
U. S. Public Health Service and the 
armed forces already have such units. 

Robot Reader 

M ANY scientific discoveries— the most 
notable being Gregor Mendel's 
revolutionary contribution to genetics- 
have remained unknown for decades be- 
cause they were buried in obscure tech- 
nical journals and inadequately indexed. 
The problem, which olten results in 
wasteful duplication of research, is be- 
coming increasingly serious with the rap- 
idly growing accumulation of scientific 
literature. Today the task of searching 
for references to a particular problem 
may involve hundreds of books and peri- 
odicals, under scores of subject headings. 

An “electronic selector” which may 
help break this bottleneck m science and 
reduce the searching process from weeks 
to minutes is to be placed m service this 
month in the Department of Agricultuie 
library. The machine scans 75,000 
microfilmed documents a minute, sorts 
out those dealing with the desired sub- 
ject and reproduces them either on 35- 
millimeter film or on V-mail paper for 
delivery to the reader. 

The selector is an offspring of 
“memex,” a device proposed three years 
ago by Vannevar Bush. Memex was to 
put printed matter on microfilm with 
coded index dots at the edge of each 
frame of film. The dots would be read 
at very high speeds by a battery of 
photoelectric cells, which would select 
what was wanted. Bush's machine 




seemed impractical. It requned a sepa- 
late photoelectric cell loi each of the 
270 positions where a code dot could 
be placed— a prohibitively expensive ar- 
langement. But Ralph Shaw, Depart- 
ment of Aguculture librarian, devised a 
method for reducing the cells to six. 

Eventual commeicial versions of the 
Shaw machine will cost loughly $15,000 
each. They will scan 120,000 oi more 
documents a minute for several subjects 
at once Seaichcs thiough collections as 
voluminous as the Patent Office file will 
take houis instead of weeks. 

Corn Ancestor 

T WO young Haivard graduate stu- 
dents have lound an important clue 
to the oiigm of corn, for four centuries a 
leading botanical puzzle. While search- 
ing for remains oi eaily Amencan man 
in a cave m the upper Gila River area 
of New Mexico, Heibeit Dick and C. 
Earle Smith uncovered a stoie of prc- 
histoiic com. Thcii find includes 766 
cobs and fragments fiom hundreds of 
othei ears. These weie located in six 
underground layers, the oldest dating 
back at least 4,000 years, The dry New 
Mexico climate has preserved hundreds 
of cobs well enough to permit detailed 
botanical study. 

The corn had been cultivated but, un- 
like modern corn, could have grown 
wild The cobs were two inches long 
and about as thick as a wax crayon. In- 
stead of a husk encasing the entne ear, 
each kernel had a covering of chaff. The 
kernels were a third the size of those 
of ordinary sweet corn, and were as hard 
as popcorn. The most important con- 
clusion fiom the find is that corn did not 
evolve from the related Cenlial and 
South American grass known as teosmte, 
as previously believed. It must have 
come from another species. 

Rejuvenating Light 

A LL studies of the lethal effect of ultra- 
- violet light on bacteria and other 
simple forms of life, as well as genetic 
reseai ch on ultraviolet-induced muta- 
tions, may have to be re-exammed to 
take account of a widely ignored effect 
which may modify or invalidate many 
findings. According to Albert Kelner of 
the Cold Spring Harbor Biological Labo- 
ratory, visible light induces the recovery 
of microorganisms that have apparently 
been killed by ultraviolet rays. 

Kelner was studying the effect of cold 
on the recovery of a particular strain of 
irradiated Streptomyces griseus, a strain 
which is closely related to the molds 
from which streptomycin is obtained. A 
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Thiee Perkin-Elmer Infrared Spectrometers installed in the lab- 
oratories of the Humble Oil & Refining Company m Baytown ? 
Texas, Here they are used extensively for product quality control 
and raw material analysis, 

CRUDE OILS RAPIDLY CLASSIFIED 

BY THE INFRARED SPECTROMETER 

I ikk any othei huge refinery, die Baytown, Texas Re- 
j finery of the Humble Oil & Refining Company obtains 
its crude oils from widely scattered oil fields. Feed stocks 
deiived fiom these various crudes differ considerably in 
their composition. Il is important to Humble to learn as 
much as possible about the compositions of the various 
stocks so that they may he utilized efficiently. 

Several Perkin-Elmer Infrared Spectrometeis are em- 
ployed at the Baytown Refinery to obtain qualitative and 
quantitative information about the different crudes. In addi- 
tion, the products from certain units associated with the 
refining piocesses are analyzed in the spectrometer to serve 
as a product quality control or to aid in determining moie 
accurate material balances around the units. 

In many other manufacturing piocesses, infrared methods 
of analysis, because of their simplicity and speed, are aid- 
ing materially in improving operating efficiency and cutting 
manufacturing costs. 

Peikin-Elmer engineeis will he glad to discuss the appli- 
cation of infrared methods to your pioblem. Sample spectra 
may be made to demonstrate the method . Submit your prob- 
lem to the Perkin-Elmer Corporation , Dept. 74 , Glenbrook, 
Connecticut . 



Model 12- C Infrared 
Spectrometer 



THE 

PERKIN-ELMER 

CORPORATION 

GLENBROOK, CONN. 

Serving the optical sciences that broaden man’s horizon 


27 


factor other than temperature was in- 
volved, however, since some mold cul- 
tuies showed excellent recovery at 35 
degrees C. while others showed none at 
all. Then Kelnei found that some ol the 
recupeiating cultures happened to have 
been placed ncai a window, and sus- 
pected the influence of sunlight This 
possibility was confirmed m controlled 
experiments which showed that radia- 
tion at the wavelengths of visible light 
could produce a 400, 000-fold mciease 
m the numbei of molds surviving sup- 
posedly lethal ultraviolet exposuies. 

The findings may have an impoitant 
bearing on virus studies such as those 
conducted at Indiana Univeisity, Wash- 
ington University and other institutions. 
In this work two strains of the baetena- 
infectmg vn uses known as bacteriophage 
were “killed” with ultiaviolet rays, and 
then placed m a solution containing theii 
bacterial prey. When the viruses multi- 
plied and successfully destroyed the bac- 
teria, it was believed that the two strains 
had combined their undamaged parts to 
form a new stiain. The visible-light ef- 
fect, howevei, might have produced 
similai lesults. 


Radiation and Genes 

A CCORDING to Roblcy D. Evans of 
- the Massachusetts Institute of 
Technology, there is little danger of 
genetic mutations from exposme to mod- 
erate doses of X-rays or atomic radia- 
tions. Moi cover, xiatmal radiation from 
cosmic rays and radioactive minerals is 
insufficient to account for the mutations 
observed in natuie. 

Standard U. S. practice is to limit 
radiation workers to a maximum expo- 
sure of .1 roentgen a day. This amounts 
to about 25 roentgens foi a year of five- 
day weeks, or 250 roentgens m a decade, 
and Evans estimates that the latter dose 
would increase the number of spontane- 
ous mutations by only 1.5 per cent. 
Workers at Hanford, Oak Ridge and oth- 
er atomic-energy plants would have to 
stay on the job continuously for at least 
125 years to accumulate a radiation dose 
of that size, for the average exposure m 
such plants is 005 loentgen a day, less 
than two loentgens a year. 

Actually, two loentgens a year may 
not produce any genetic changes. In re- 
cent experiments at M.I.T., Evans re- 
ports, doses of 2.5 roentgens a day failed 
to increase the mutation rate of fruit flies, 
which are probably more susceptible to 
radiation-induced mutations than man. 

Evans has found no evidence to sup- 
port the idea that cosmic rays and other 
natural radiations are the chief factors 
responsible for the spontaneous muta- 
tions underlying evolutionary change. 
Exposure to natural radioactivity 
amounts to only ,003 roentgen a day, a 
feeble dosage that could account for only 
- one per cent of the number of mutations 
that is known to occur spontaneously 


per gcneiation in man and oilier oi gun- 
isms. 

Mouse Cancer Virus 

1 "MIE milk-iactor vims ol mouse breast 
- cancel had been isolated by a learn 
oJ resoaichois at Columbia University’s 
newly established Institute ol Cancel 
Reseaich The virus has been the object 
of an intensive search since 1936, when 
|. ]. Bittnci si lowed that it is responsible 
tor the tact that mouse mammary can- 
cer is transmitted to offspring llnough 
the methods milk. The isolation was 
accomplished by Samuel Giafb biochem- 
ist, Dan IT. Moore, biophysicist; Henry 
T. Randall and Cushman D. Llaagensen, 
surgeons; and Wendell M, Stanley, 
formally ol the Rockelollei Institute. 

The vims, which may he a nueleo- 
protcin, was obtained bom the milk of 
mice with a high inbied incidence ol 
cancel, as well as liom low-cancer ani- 
mals foster-nursed by high-cancer moth- 
cis. As little as .008 gamma— less than a 
hundred millionth of a gnim— causes 
mammary cancer. The disease may be 
induced by either mouth feeding oi in- 
jection of the virus, m either males or 
females. Howevei, the incidence of can- 
cer is much less ii the mouse is more than 
two weeks old at the time of inoculation. 

Child Care 

A COMPREHENSIVE smvoy by the 
American Academy of Pedialiies 
reveals that there aie not enough doctors 
m the U. S. to provide adequate medical 
care for the nation’s 36 million children. 
The survey took three years to complete 
and cost $1 million. Information was ob- 
tained from doctors, dentists and other 
health personnel m practically all ol the 
nation’s 3,07 1 counties. The situation is 
particularly bad among the 13 million 
children who live in rural aieas. 

The Academy found pediatricians 
ovei whelm ingly concentrated in uib an 
aieas, three quarters of them practicing 
m cities of 50,000 or more poisons. The 
wide geographical variation in facilities 
for child care is illustrated by an urban- 
ized state like Massachusetts, which has 
one pechatucian for every 3,000 chil- 
dren, while Mississippi has but one for 
eveiy 35,000. Most children, especially 
in mral aieas, leceive care horn general 
practitioners only. Half of the latter have 
had virtually no pediatiic training and 
must send children to hospitals, a third 
of which are inadequately equipped. 

The distribution of pediatricians is 
reflected in infant mortality rates. Coun- 
ties with inadequate hospital and medi- 
cal facilities have infant death rates five 
times as high as the best-equipped 
counties. In one state, the child death 
rate is higher than the national average 
a generation ago. Although the over-ail 
child death rate last year was the 
lowest in^ American history, three babies 


die annually loi ovoiv two Ameucan 
soldiers killed in action during each 
vcai of the wai . 

Hetrazan 

H ETRAZAN (hcthylearbama/ine, a 
drug developed by the Ameucan 
Cyanamid Company, may become the 
most effective means yet louud Joi con- 
trolling filiuiasis, the mosquito-borne 
tropical diseases winch gives rise to ele- 
phantiasis. In tluoe years ol tests m the 
West Indies, Central America, India, 
Africa and the South Pacific, hetrazan 
has shown its ability to kill not only 
microfilariae, the embryo parasites, but 
also the adult worm. 

In one leeenlly lepoiled study, 13 of 
23 Pneilo Rican patients who had re- 
ceived doses of the new drug wore still 
l icc of parasites a year and a quaitci 
alter the treatment had been completed. 
The other 10 were probably given too 
small doses. Even when helui'/an does 
not cure, it may halt the spread of the 
parasite, among the 10 patients not 
cured, the number of imciofilariao m 
the blood was reduced to a point below 
the level necessary to infect mosquitoes 
and thus spread the disease'. 

Hetrazan is closely i eluted to certain 
metal-containing organic drugs which 
have been used foi years in treating lil- 
unusis. Chemists succeeded in eliminat- 
ing the metallic ingredients, thereby io- 
clncing the drugs’ high toxicity. 

Alcoholism Drug 

HP WO Danish physicians have made 
A prelim imuy tests with a chug called 
antabus that may be helpful in combat- 
ting alcoholism. Antabus (tclraethyl- 
thiiuam disulfide) is already being used 
in Scandinavia, and clinical trials aie 
also under way m the U. S. 

When a drinker patient who has pre- 
viously been given a dose ol antabus 
chinks more than a ceilain small amount 
(which varies with the patient’s iolci- 
tince), lie immediately experiences a 
scries of exceedingly unpleasant reac- 
tions, His face and neck become puiple- 
led and hot from dilation of the blood 
vessels in the skin. lie is intensely nau- 
seated, and develops a severe headache 
and choking sensation. This is followed 
by a premature hang-over which, accord- 
ing to the physicians responsible for 
the treatment, is “difficult to describe . . . 
but highly disagreeable.” He recovers 
after a few hours of sleep, with consider- 
ably subdued desire to drink. 

The drug acts by interfering, in an 
as yet unexplained manner, with the 
normal mechanism for oxidation of alco- 
hol. The alcohol is oxidized to acetalde- 
hyde, a compound which is usually 
found in freshly distilled spirits and is 
responsible for many of the unpleasant 
effects of “green” whiskeys. The dis- 
couraging reactions produced by anta- 
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bus lesult bom acetaldehyde intoxica- 
tion 

Antabus is not m itself a cuic for 
alcoholism. It has to be taken daily 
as long as thcie is any danger of a 
i elapse, and it must be combined With 
intensive psychiatric treatment But the 
doctors who developed it, Erik Jacobsen 
and O. Maitensen-Larsen, claim excel- 
lent results when patients can be per- 
suaded to take the diug xegulaily. 

Report from Los Alamos 

R ESEARCH looking toward release 
of atomic eneigy by reactions among 
light elements is under way at the Los 
Alamos laboiatoiy. This is disclosed m 
the fiist systematic published account of 
the bomb laboiatoiy and its activities, 
appealing m the Bulletin of the Atomic 
Scientists and piepaied by ] H Manley, 
technical associate diiectoi of the laboia- 
tory. 

Nucleai eneigy is released by either 
of two piocesses, only one of which has 
been achieved in the laboratory— the 
fannhai fission of heavy elements like 
uranium 285 oi plutonium. The othei is 
the fusion of light elements, an example, 
although probably not one of the reac- 
tions actually being studied, is the 
transfoimation of foui hydrogen nuclei 
into a helium nucleus. The small amount 
of mass destroyed in the latter piocess 
furnishes the energy of the sun. Fusion 
takes place only at stellai temperatures, 
but is potentially a much larger source 
of energy than fission. 

Di. Manley gave no details of the 
Los Alamos studies of the fusion re- 
action. But he pointed out that light- 
element le actions are of mteiest not 
only because nuclear eneigy is leleased. 
Detailed knowledge of these reactions 
may contribute fundamentally to the 
development of nucleai physics. 

Conservation 

ONSERVATION and development 
of the world’s resources will be dis- 
cussed at a United Nations Scientific 
Conference on the Conservation and 
Utilization of Resources, which will be 
held at Lake Success, N. Y. fiom August 
17 to September 6. 

The Conference, first of its kind ever 
held on a world scale, has been called by 
the United Nations Economic and Social 
Council, and several hundred scientists 
are expected to pailicipate. It will be 
held at the same time as a conference on 
the piotection of nature, sponsored joint- 
ly by UNESCO and the International 
Union for the Piotection of Nature. 

Meetings in June 

S OCIETY of Automotive Engineers. 
French Lick, Ind. June 5-10. 
American Medical Association. At- 
lantic City, N. J. June 6-10. 


There are many common objects which 
we all see almost daily Because they are 
so iamihar we take it for granted that 
they have reached final perfection Fre- 
quently, however, this is far from being 
the case An example can be found in the 
2 gallon fire extinguisher, found for 
years in almost every factory, school, and 
office Countless fires have been put out 
with it, and lives, buildings, jobs, money 
saved Some time ago an important maker 
of this type of bottom-up extinguisher 
decided that the latest technological de- 
velopments should be put to work m both 
the production and design of this impor- 
tant device To this end, a complete re- 
study of possible machines, methods, ma- 
terials, and design was 
ordered. 

These extinguishers 
for many years had' 
been made largely by 
nveting, and soldering 
was used to produce 
tight scams There 
was much hand work, 
which it would be de- 
sirable io reduce 
Modern scam-welding 
techniques seemed in- 
dicated, plus mechani- 
zation of other steps, 
and an increased use 
of conveyor systems 
Such an extensive pro- 
gram as this required careful considera- 
tion of the relationships among design 
materials, methods and machines. It 
was early decided to switch from the 
traditional copper to the newer and 
much stronger silicon bronze, which can 
be resistance-welded easily. The maker 
and Revere collaborated closely, and 
jointly worked out the time, tempera- 
ture and pressure requirements for clean, 
sound welds. Revere also established 
the proper tempers for the body sheet 
so that it withstands more than the 
Underwriters’ test pressure, but never- 
theless is easily formable into a cylinder 
with beads that locate the top and bot- 
tom domes. Similar specifications were 


written for the sheet to be drawn into 
those domes, and even their design was 
studied and recommendations made The 
extinguisher manufacturer, for his part, 
either disposed of old machines, or rebuilt 
them, and in addition bought much new 
equipment, some of it on special order. 
This program involved one of the most 
complete renovations of plant and prod- 
uct which Revere has ever observed, and 
Revere considers itself fortunate to have 
been permitted to collaborate so closely 
We were able to place at the service of 
our customer the accumulated knowledge 
of our Technical Advisors, the welding 
section of the Research Department and 
in addition called upon three of the 
Revere mills for prac- 
tical suggestions. 
Revere’s final step 
came when a number 
of the first extinguish- 
ers oft the production 
line were tested in the 
Research Laboratory 
to make sure that the 
recommended anneal- 
ing practices were 
adequate. 

The report given 
here is necessarily con- 
densed. Actually, the 
work occupied many 
months, and included 
a large number of con- 
ferences, much correspondence, and thor- 
ough testing of methods That it all was 
supremely successful is shown by the 
results* a fire extinguisher that is 4 1 /2 
pounds lighter, greatly improved in ap- 
pearance and design, and produced with 
greater speed and economy 

This outstanding example of the bene- 
fits received when a manufacturer and 
a supplier collaborate closely is not 
unique. A pooling of knowledge toward 
a common end goes on constantly in every 
industry. Revere suggests, therefore, that 
no matter what it is you buy, you give 
your suppliers the opportunity to give 
you their experience as well as sell you 
their materials. 
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From there the W ac Corporal climbed to 250 miles, bear- 
ing a payload of telemetered instruments. It reached its 
maximum height in six and a half minutes, crashed five 
and a half minutes later. The hull has not been found. 


ROCKET ASCENT was achieved on Feb- 
White Sands Eroving Ground, N. M., by 
rocket. Here the Wac Corporal is in the 
Carried it to a height of 20 miles. 



The historic method of propulsion is also the most 
modern. The central problem is fuel, the development 
of which may presently liberate man from the earth 


O N Febuuiry 24, 1949, man made 
his first ically substantial step into 
outer space. On that day an ex- 
German V-2 rocket look ofl Irom the 
White Sands Pioving Giound in New 
Mexico. In its nose it carried, instead of 
the customaiy one-ton “warhead,” an 
Ameiican-made locket of the type known 
as the Wac Corporal, filled with tele- 
meteied instruments. The V-2 rocket by 
itself would have leached an altitude of 
about 110 miles, The Wac Corporal, 
taking off Irom the ground without a 
booster, would have attained an altitude 
of about 40 miles. But taking off from the 
V-2 at an altitude of moie than 20 miles, 
and starting at a velocity of a mile per 
second befoie it had even begun to burn 
its own fuel, the Wac Corporal attained 
a maximum velocity of 1.39 miles per 
second and then coasted upward to an 
altitude of 250 miles before earth's grav- 
ity won out over its kinetic energy and 
began to pull it back. 

While definitions of the limit of the 
earth's atmosphere differ, it is generally 
agreed that the piessure at 250 miles 
above sea level is virtually zero, so it 
is fair to say that at the peak of its ascent 
the Wac Coiporal was in intei planetary 
space. This historic event took place 
three years to the day after the first 
rocket of its type had taken off from the 
White Sands Proving Ground. If the 
recent rate of progress m rocket research 
is maintained, the day when man will 
lealize his ambition to fire a missile to 
the moon or beyond is not too far off. 

Rockets have come a long way since 
the first liquid-fuel rocket of the Ger- 
man Rocket Society lifted itself from the 
ground on May 10, 1931, and climbed to 
all of 60 feet; or since Robert H. God- 
dard's first liquid-fuel rocket rose near 
Auburn, Mass., on March 16, 1926, and 
crashed 184 feet from its takeoff point; 
or since that day in 1911 when the 
Frenchman F. Ferber de Rue, one of the 
early aviators, wrote in the last chapter 
of a small book on flying: “In order to go 
higher, and man will want to go higher, 


by Willy Ley 

it will be necessaiy to adopt a different 
principle. The piinciple of the locket, 
which will lead to a leaction motor, is 
indicated.’’ 

The rocket pi maple itself is many 
centimes old. From about 1805 to 1830 
the locket was a much- feared “secret 
weapon” of the British. They used it all 
over the woild, including North Ameri- 
ca— which led to the lines m oui nation- 
al anthem on “the rocket’s red glare, the 
bombs blasting in air,” the bombs being 
the rockets' wai heads. Still earlier, pi- 
rates had used lockets to set their 
enemies' taned rigging afire. The earli- 
est European reference to lockets that 
can be given a definite date was in the 
City Chronicle of Cologne for the year 
1258. Learned Arabs of the same period 
also knew of lockets; they called them 
alsicliem alkhatai , or “Chinese anows.” 
Most likely the rocket was actually in- 
vented in China. Chinese chronicles 
are neither complete nor reliable, but 
the French Sinologist Stanislas Julien 
succeeded m finding a description of 
something like a rocket m a work of the 
yeai 1232. No earlier references are 
known. 

The Early Rockets 

Aside from a few experimental curi- 
osities of the 18th and 19th centuries 
that ran by the expulsion of steam, all 
rockets made before 1920 were fueled 
by black powder At first the powder 
used was the same as that in guns, but as 
gunpowder improved, it became too 
violent f oi the propulsion of such rockets 
as weie made in those days. It had to 
be slowed down— pyrotechnicians spoke 
of “making it lazy”— by addition of extra 
charcoal. Good black powder for guns 
had a composition by weight of about 
75 per cent saltpeter, 15 per cent char- 
coal and 10 per cent sulfur. The numer- 
ous rocket recipes recommended around 
60 per cent saltpeter, 25 per cent char- 
coal and 15 per cent sulfur. In fireworks 
rockets, fine metal filings were often 


added to produce a shower of pretty 
sparks m the exhaust. The rockets were 
all straight tubes into which the powder 
mixture was laboriously hammered in 
small portions, usually around a central 
“thorn” that was pulled out when the 
powdei had been packed in. This lei t 
a hole m the center which, for reasons 
then unknown, was necessary for the 
functioning of the rocket. 

Aftei theii early trials in warfare, 
rockets were abandoned as a weapon 
for seveial centuries, not for moral rea- 
sons but because large rockets had the 
nasty habit of exploding dining manu- 
facture. By about 1450 they had largely 
ceased to be employed m warfare on 
land, though incendiaiy rockets lingered 
on at sea for another three centuries. 
War rockets persisted longest in indus- 
trially backwaid countries: to make 
rockets one needed only a workshop, 
whereas to cast cannon and shot required 
a foundry. 

Near the end of the 18th century Brit- 
ish troops fighting in India suffered some 
surprising defeats at the hands of Hindus 
armed with rockets. When the news of 
these defeats and the reason for them 
reached England, a major in the Royal 
Artillery named William Congreve de- 
cided to look into the matter. He bought 
some lockets at his own expense and 
began to experiment with them. His 
experiments were so successful that 10 
years later he was General Sir William 
Congreve. 

In about 1680 Sir Isaac Newton had 
published his Third Law of Motion— 
every action has an equal and opposite 
reaction— which governs the perform- 
ance of rockets. Some 20 years before 
Congreve went to work, a French refu- 
gee physicist living in London, one Dr. 
Desaguliers, had even written a popular 
book m which he pointed out, among 
other things, that the recoil of a rocket 
should operate in empty space, or a 
vacuum, as well as it does in air. (Actu- 
ally it works somewhat better in a vac- 
uum.) So the theory and the necessary 


31 






CHINESE may have used rockets as 
early as 1232. Here incendiary rock- 
et arrows are launched from baskets. 



LAUNCHER built by the Chinese 
had a capacity of 100 rocket arrows. 
It could he tilted to alter its range. 



PORTABLE launcher had a capac- 
ity of 40 rocket arrows. These rock- 
, ets had a range of some, 400 feet. 


mathematical tools itn a scientific in- 
vestigation oi lockets weie aheady 
available. Congieve, however, did not 
make such an investigation, he simply 
implored the construction ol the type 
ol locket that medieval artisans had de- 
veloped by utle oi thumb. 

The artisans had known that a rocket 
will tumble end over end unless it is 
piovided with a guiding stick. Tuie, dui- 
mg the early I7lh century an unknown 
inventor had devised guiding fins, but 
Congieve pi el ex red the guiding stick, 
even though it was a dead weight 
amounting to almost 40 pei cent of the 
locket’s total mass. Instead ol attaching 
it to the side of the tube, however, 
as had been custom aiy, he Listened 
a thiec-pionged lork to the lower end 
of the rocket tube so that the stick was 
held m line with the rocket’s axis. Con- 
gieve also discoveied a way to prevent 
the rocket from exploding while the 
powdei was being hammered in. When 
a powdei mixture is compressed by 
hammeimg, the air trapped between the 
fine powdei grains also is compiessed, 
and the heat thus geneialed may be 
great enough to ignite the powder. Con- 
greve was probably nol aware of this 
basic explanation, but he found by em- 
pirical tests that the powdei could safely 
be hammered if it was moistened with 
alcohol, the result, we know now, is that 
much of the air is replaced by an incom- 
pressible liquid which also absorbs some 
oi the heat. Congreve, in addition, sub- 
stituted a drop hammer for the hand- 
wielded mallet. With all these improve- 
ments Congreve produced a practical in- 
cendiary weapon that had a langc of 
3,000 yards, putting it on a par with the 
biggest mobile guns of the time. 

The British introduced this weapon to 
the world m two very effective rocket 
raids on Boulogne and Copenhagen in 
1806 and 1807. Overnight, rockets ex- 
cited intense interest among military 
men in all countries, just as they do to- 
day. Austria, France, Poland and Russia 
went m for experimentation to develop 
their own types, but most of the other 
nations were satisfied to buy then rockets 
horn England 

It was the British again who produced 
the next important improvement: a stick- 
less rocket. Its mventox, William Hale, 
got rid of the stick by placing m the ex- 
haust three metal vanes that made the 
missile rotate and thereby gave it stabili- 
ty in Bight. Hale rockets were adopted 
by the U. $. Army. But by that time 
most of the hastily organized rocket 
corps in European armies had been dis- 
banded. A new drawback had appeared: 
the black-powder rocket became unsta- 
ble after a period of storage, for the com- 
pressed powder grew very brittle. Acci- 
dental dropping or even sudden changes 
of temperature produced cracks in the 
powder that caused explosions when it 
Was ignited. In the First World War the 


only nation that used lockets to any ap- 
preciable extent was Fiance. French bi- 
planes carried large naval signal rockets, 
and used them to shoot down German 
captive balloons bearing artillery ob- 
server s 

Rocket Theory 

The scientific investigation ol rockets 
did not begin in earnest until the 1920s. 
To be suie, the fundamental principle 
was aheady well known, it was expiesscd 
m a simple loimula deiivcd Irom New- 
tons Thud Law ol Motion* MV = mc. 
M and V weie, lespcctively, the mass 
and the velocity ol the rocket, and m and 
e signified the mass and velocity ol the 
exhaust. Since ail lesislance did not en- 
ter into this lonnula at all, it meant that 
the motion ol the locket was independ- 
ent oi the surrounding air. The 18th- 
century Frenchman Dosaguliers had ex- 
plained this as follows: II you imagine a 
container filled with a compressed gas, 
the gas will exeit equal piessure on all 
paits of the inside oi the container’s wall. 
But if the container suddenly acquires a 
hole where the gas can escape, there can 
he no pressure on the area of the hole. 
There must be suiplus pressure on the 
wall opposite the hole. And if the pres- 
sure exerts enough fence it will move the 
container in that dn action, opposite the 
direction ol the exhaust. 

To calculate the tin ust thus exerted, 
differential equations were needed. 
After many errors, the con eel equation 
was found to he. P = c X dm/dt. This 
means that the thrust, P, is determined 
by multiplying the exhaust velocity, c, 
by the mass ol the exhaust during a given 
time interval, say the number ol grams 
per second This equation at once made 
clear why the center hole in the solid 
fuel is needed. If the fuel filled the tube, 
the burning area would be only the cross 
section of the tube at the rear end of the 
rocket, and the mass of the expelled gas, 
or exhaust, would lie at a minimum Un- 
der these conditions the factor dm/dt 
would not lie huge enough to make the 
thrust, P, greater than the weight of the 
rocket. The function of the center hole is 
to increase the burning area, which is 
now the entire inside surface oi a cone 
oi a cylinder, depending on the shape of 
the hole, instead of just the cross section. 
The hole m the tube shortens the dura- 
tion of the thrust, both by increasing the 
fuel consumption per second and by re- 
ducing the amount of fuel earned by the 
rocket, but it makes possible the power 
necessary to lift it. The equation also 
showed that the chief pux pose served 
by the hammering of the powder was to 
pack as much “gas” (m its state prior to 
combustion) into the tube as possible. 

This theoretical knowledge became 
generally available a few years after the 
First World War, but for a while atten- 
tion was focused mostly on the brittle- 







ROCKET EXPLODES during a German demonstra- Tiling, however, was not in the advance guard o£ rock- 
lion of Lhe 1930s. This rocket had been made by Rein- etry. His rockets burned solid fuels. They also were 
hold Tiling, one of the early German rocket workers. lilted with wings, a pair of which is above explosion. 



EAST EXPERIMENT of German Rocket Society was EARLY U. S. ROCKET is prepared for launching in 
conducted on a lake near Berlin in 1933. Society soon Robert H. Goddard’s tower neai* Roswell, N. M. Rock- 
disbanded. German Government carried on later work. et was launched in 1940.' At the left are oxygen tanks. 
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BASIC CONSTITUENTS of a liquid-fuel rocket are 
outlined in this drawing. At upper left is oxidizer tank. 
At lower left is fuel tank. Oxidizer and fuel are fed into 


motor at right. Between tanks is an auxiliary motor 
which runs a turbine (center). This in turn runs oxi- 
dizer and fuel pumps (above and below turbine, rotor ) . 


ness of black powder. Military men be- 
gan to investigate smokeless powder for 
rocket propulsion. Smokeless powders, 
especially the so-called “double-base” 
powders first compounded by Alfred 
Nobel, weie not brittle and were more 
impervious to temperature changes. 
They also had a higher energy content. 
The most carefully compressed black- 
powder mixtures produced an exhaust 
velocity of about 2,000 feet per second. 
With double-base powders one could 
hope for 4,000 to 5,000 feet per second. 

The two bases used by Nobel were 
nitrocellulose and nitroglycerine. The 
manufactuung process amounted to 
making nitrocellulose gelatinous by 
means of a substance which was a high 
explosive itself. Nobel’s materials, with 
the addition of stabilizers, became the 
basis of the modem solid-fuel rockets 
The British developed a rocket powder 
mixture composed of 50 per cent nitro- 
glycerine, 41 per cent nitrocellulose and 
9 per cent diethyl diphenyl urea. The 
U. S. powder had a similar composition: 
60 per cent nitrocellulose, 40 per cent 
nitroglycerine and a small addition of 
diphenylamine. In all likelihood the 
Germans also began with one of Nobel’s 
mixtures, but they looked around for a 
substitute for nitroglycerine, smcejglyc- 
epfiie is derived from fats which mijpit be 


scarce in time of war. Somebody thought 
of using dietliylene glycol dimtrate. The 
substitute proved to be better than the 
original; it was less sensitive and superior 
as a gelatmizer. 

With the change in propellant went a 
thorough change of design. The old 
tightly fitting powder charge with a cen- 
ter hole, designated as a “restricted burn- 
ing locket,” was leplaeed by an “unre- 
stricted burning locket,” consisting of a 
warhead and a powder stick freely sus- 
pended m a steel tube. These paits can 
be mass-produced by virtually automatic 
machinery. The powder sticks are either 
thick-walled tubes, burning from the 
outside m and from the inside out, or 
thick- armed crosses Both shapes burn m 
such a manner that the factor dm/dt re- 
mains nearly constant. The factor is high, 
for the burning time of bombardment 
rockets is about three seconds. 

Rocket engineers had no sooner cre- 
ated this powerful design than they 
found it necessary to change direction 
and red|ige : the factor dm/dt. The reason 
was rockets were also needed as 
takeoff assistance for airplanes, and this 
required a burning time of at least 20 
seconds. They therefore returned to the 
old restricted burning rocket, even to the 
type without the center hole. A new fam- 
ily of propellants had to be developed, 


and they received the name of “cast 
propellants,” This name at once suggests 
TNT, which is poured into shells in a 
molten state. The Germans actually tried 
a fuel containing 50 per cent TNT. 

In the U. S. the pioblem was solved 
by a method described m the so-called 
JPL (Jet Propulsion Laboratory) Re- 
port of the Caliloinia Institute of Tech- 
nology. The engineers in charge i ejected 
a double-base powder because it ap- 
peared doubtful that an exhaust nozzle 
would be able to stand the heat of the 
exhaust for the duration required, from 
20 to 40 seconds. The propellant they 
developed (it was later superseded by 
improved fuels) was called GALCIT 53, 
a name derived from the initials of the 
Guggenheim Aeronautical Laboratory, 
California Institute of Technology. It 
was a mixture ol potassium perchlorate, 
as the oxygen carrier, and a special va- 
riety of asphalt, the fuel. It looked like 
black pavmg tar and had a similar con- 
sistency; it could be ignited with an or- 
dinary flame, but not easily. Once ig- 
nited it burned well with an intense 
white flame, generating very large quan- 
tities of dense white smoke. “Burning m 
a combustion chamber under a pressure 
of 1,600 pounds per square inch,” said 
the report, “the propellant gives an aver- 
age exhaust velocity of 5,300 feet per 



REGENERATIVE MOTOR is a fundamental concept the chamber fuel is circulated through a jacket around 
of modern rocket technology. Reaction of oxidizer and it. This cools the chamber and heats the incoming fuel, 
fuel takes place in innermost chamber. Before entering Oxidizer is fed directly into the chamber (upper left ) . 


second at an aveiage burning rate of 1.25 
inches per second.” 

A New Principle 

From the point of view of a chemical 
or militaiy engineer all this constituted 
enormous progiess, but in the eyes of a 
rocket theorist it merely solved Con- 
greve's relatively minor problems. The 
more fundamental improvements that 
finally resulted in that first step into 
space on Febnuuy 24, 1949, required a 
different approach. This approach con- 
sisted in developing a comprehensive 
theory first and worrying about the en- 
gineering aspects afterwards. 

Chronologically the first to suggest the 
key to the new approach was a Russian 
schoolteacher named Konstantin Ed- 
uardovitch Ziolkovsky. In 1903 he pro- 
posed the revolutionary idea that rockets 
should be designed for liquid fuels. Al- 
though eminent scientists (among them 
Dmitri Mendeleyev, author of the pe- 
riodic table of the elements) encouraged 
him, his work is only of historical inter- 
est. He failed to influence experimental 
researchers in Russia, and his name re- 
mained unknown elsewhere because 
nobody ever translated his writings. 

The first modern publication on rocket 
theory was Robert H. Goddard's oft- 


mentioned Smithsonian Report of 1919, 
entitled A Method of Reaching Extreme 
Altitudes . Goddard briefly mentioned 
liquid fuels in this repoit, but failed to 
place emphasis on the importance of this 
concept. In 1923, however, a small and 
highly technical book that was to have 
gieat practical consequences appeared 
m Germany. It was written by a young 
professor of mathematics named Her- 
mann Oberth, a native of Transylvania. 
An unapologetic discussion of the theo- 
retical aspects of intei planetary travel, 
the little book considered rocket theory 
m all its applications, from a small instru- 
ment-carrying rocket to a manned space 
ship. Its distinguishing feature was 
Oberths strong argument for liquid fu- 
els. He suggested alcohol and liquefied 
hydrogen as likely fuels, with liquid 
oxygen as the oxidizer. 

Practical engineers were amused at 
the notion of using substances like liquid 
hydrogen and liquid oxygen m tank-car 
lots. I remember listening to a speech by 
a man, considered an eminent authority 
on liquefied gases, who declared with 
great emphasis that any fuel in contact 
with liquid oxygen would not burn at all 
but would always explode. Oberth’s idea 
was hotly discussed for years on false 
assumptions of this kind and on irrele- 
vant issues, some of which were intro- 


duced by ObertlTs own supporters. They 
laid great stress, for example, on the fact 
that liquid fuels were theoietically capa- 
ble of producing a higher exhaust veloc- 
ity than black ppwdei. But the higher 
exhaust velocity was an incidental fac- 
tor, for it eventually became possible to 
produce solid fuels with an exhaust ve- 
locity close to that of liquid fuels. 

Oberth’s suggestion had much more 
revolutionary implications. One affected 
the control of a rocket's flight. There was 
nothing anybody could do with a solid- 
fuel rocket after it had been ignited. It 
could not be slowed down nor turned 
off. In rockets using liquid fuels, on the 
other hand, the rate of burning could be 
adjusted by means of valves and injec- 
tion nozzles; either by means of a* radio 
signal or directly, in a manned rocket, 
the rocket motor could be throttled or 
shut off completely. 

But by far the most important gam 
was a radical change in the rocket’s 
'mass ratio," meaning the ratio between 
the takeoff weight and the weight after 
all the fuel has been burned. The take- 
off weight is made np of the payload, 
the rocket structure and the fuel load. 
Obviously the greater the fuel load 
carried by a rocket of a given size, 
that is, the higher its mass ratio, the 
greater is its potential speed. Mathe- 
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matical investigation showed that the 
performance of a locket could be de- 
termined by the following foimula: 
M 0 /M 1 = e v ' /c . Heie M„ is the takeoff 
weight, Mi the remaining weight, v the 
maximum velocity, e the exhaust velocity 
and e the base of the so-called natuial 
logarithms, 2.7182818. To calculate the 
required mass ratio foi a desired per- 
formance it is only necessary to find the 
maximum velocity needed for that per- 
formance, divide this velocity by the 
exhaust velocity available and use the 
result as the exponential factor on e. This 
formula is valid only in a space without 
any resisting medium and without gravi- 
tational fields to be overcome; it does not 
woik for small fiie works rockets under 
actual conditions. But the larger the 
rocket the closer the agreement between 
formula and reality. In the case of a V-2, 
less than 30 per cent has to be added to 
the calculated value, and in the case of 
a rocket that could reach the moon only 
about 5 per cent needs to be added. 

Now it is at once apparent that when 
it comes to mass ratio the solid-fuel 
rocket is at a decided disadvantage. The 
whole rocket structure must be strong 
and heavy to withstand the gieat inter- 
nal pressure of combustion plus the heat 
generated by the combustion. The “fuel 
tank” and “combustion chamber” are one 
and the same. When liquid fuels are 
used, however, the tanks and the rocket 
motor are separate units, hence m a large 
rocket the tanks can he thm-shelled. In 
a relatively small rocket such as the Wac 
Corporal, the tanks must stand the same 
pressuie as the motoi, since the liquids 
are fed into the motor by gas pressure, 
but even so there is less pressure to with- 
stand. The combustion pressure in a 
liquid-fuel motor is of the order of 300 
pounds per square inch, while m rockets 
using powder explosives the combustion 
pressure may be several thousand 
pounds per square inch. This can be il- 
lustrated m practical terms by compar- 
ing actual rockets of the two types. The 
solid-fuel locket known as Tiny Tim 
weighs 1,284 pounds, of which 590 
pounds is warhead and 146 pounds is 
propelling charge. The mass ratio is 1.13 
to 1. The liquid-fuel Wac Corporal has 
a takeoff weight of 665 pounds and a 
fuel load of 385 pounds. Its mass ratio 
is 1.73 to 1. In a large liquid-fuel rocket 
the mass ratio can he further increased 
by force-feeding the motor by means of 
centrifugal pumps instead or gas pres- 
sure, which makes it possible to reduce 
the weight of the tanks. Thus the V-2, 
with a takeoff weight of about 12 tons 
and a weight with warhead of four tons, 
has a mass ratio better than 3 to 1. 

Practical Problems 

Before anybody could build a rocket 
with a high mass ratio* a large number 
'v of engineering problems had to be in- 
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vestigated and solved. Building materials 
was one. The fust motors weie made of 
steel. 3t was supposed that steel, because 
oi its mass, would absoib the heat of 
combustion with safety, as it does in a 
gun ban el. The idea did not work; the 
motors disintegrated. Then somebody 
had the idea of doing the opposite, of 
making the motor with very thin walls 
of a metal of high heat conductivity— 
puie aluminum— and cooling it from the 
outside by means of running water. That 
woiked fine on the test stand, wheie un- 
limited quantities oi cold watei could be 
mn through the cooling jacket, but in 
lising rockets cooling became a problem 
of a much higher order of difficulty. One 
method that was attempted was putting 
the motor inside the liquid oxygen tank, 
in the hope that the liquid oxygen would 
help in cooling without increasing the 
weight. The tank exploded. It had been 
f oi gotten that a liquid gas, while ex- 
tremely cold, is a poor cooling medium 
because, being near its boiling point, it 
cannot absorb any quantity of heat 
worth mentioning. 

The cooling problem was solved, odd- 
ly enough, not by direct attack but as a 
by-product of studies oi the luel prob- 
lem. Many fuels had been tried: gaso- 
line, methane, benzene, even gaseous hy- 
drogen. In the end the most efficient fuel 
was found to he Oberths first suggestion 
—alcohol. An Austrian physicist, Eugcn 
Sanger, published a timely hook that 
piesented tables relating to the theoreti- 
cal performance of fuel-and-oxygen com- 
binations. The most striking finding was 
that alcohol required the smallest 
amount of oxygen for combustion; it 
needed only 2.1 times its weight of oxy- 
gen, while gasoline, for example, needed 
3.5 times its weight. And here emerged 
an answer to the cooling conundrum, for 
alcohol is a good absorber of heat, espe- 
cially when it is mixed with water. Fur- 
thermore alcohol-water mixtures stay 
mixed m a tank while gasoline-water 
mixtures do not. How much water could 
the alcohol hold and still bum? My 
fathei, a wine merchant and liquor man- 
ufacturer, helped supply the answer, a 
mixture that contains more than 40 per 
cent of alcohol (over 80 proof) can be 
ignited in air. 

Klaus Riedel of the German Rocket 
Society then ran a few tests, beginning 
with 60 per cent alcohol and working 
down to 35 per cent; in pure oxygen 
instead of air even this watery mixture 
would burn. In 1931 the first rocket mo- 
tor using watered alcohol as fuel was 
built. The fuel was run through the cool- 
ing jacket before it was injected into the 
motor. It did double duty, serving as a 
coolant first. 

Much later, after the German Rocket 
Society had been dissolved and the Ger- 
man Army had taken over rocket experi- 
mentation on Peenemunde in the Baltic, 
Oberth discovered another interesting 


fact about alcohol-water mixtures. Natu- 
rally the exhaust velocity depends on the 
aveiage molecular weight ol the exhaust. 
The exhaust is a mixture ol carbon diox- 
ide and watei molecules. The latter aie 
fai lighten By adding watei to the fuel 
the relative numbei of water molecules is 
increased, the aveiage molecular weight 
of the exhaust diops, and the exhaust 
velocity goes up. Ol com so theie is a 
limit to this, else watei would be the 
supciior fuel. Oberth found that the opti- 
mum result was obtained when the ad- 
mixtuie of water to alcohol was slightly 
above 25 pei cent. And that mixture of 
75 pei cent ethyl alcohol and 25 pei cent 
watei became the fuel ol V-2 and later 
of the U. S, locket airplane designated 
XS-1. 

But even with as good a coolant as 
watei ed alcohol the big motor of V-2, 
made of loimed sheet steel sections 
which weie then welded togethei, did 
not stand up well enough. It burned 
through in the place where rocket mo- 
tors are m the habit of binning through, 
near the so-called "throat,” the nanowest 
section of the exhaust nozzle. Yet the 
answer, when it was finally found, was 
simplicity itself. AH that was needed was 
to drill a number of fine holes through 
the wall of the exhaust nozzle so that fine 
sprays of watered alcohol could enter 
ibis part of the motor diiccliy from the 
cooling jacket. The alcohol was earned 
along by the exhaust blast to foim an 
insulating layer between exhaust and 
nozzle wall. Lacking a supply of oxygen, 
it did not bum and was a waste of fuel, 
if you like, but it made the motor stay m 
one piece for 70 seconds. 

The Modern Versions 

The V-2 has had a number of succes- 
sors in the U. S., all different in size, 
design and pin pose. The Wac Coiporal 
came first, then the Aerobec, the Con- 
vair 774 and the Noith American Air- 
ciaft Nativ. Even while V-2 was under 
development there weie a number of 
other types in Germany: the Peene- 
munde rocket A- 5, the anti-aircraft mis- 
sile Wasserfall and the small anti- aii cl aft 
rocket Taifun (typhoon) . 

These rockets used various fuels. 
While the watei ed alcohol and liquid 
oxygen combination is almost ideal, it 
does have a major drawback. The boiling 
point of liquid oxygen is almost 200 de- 
grees Centigrade below the freezing 
point of water. Hence a rocket using it 
cannot lie around waiting. It is a case of 
“fuel and fire.” But the Germans wanted 
a rocket that could be used as an anti- 
aircraft weapon, which meant, of course, 
that fully charged rockets had to be held 
in readiness, waiting. And this meant 
doing without liquid oxygen. 

Wasserfall and Taifun were developed 
as anti-aircraft rockets. They were actu- 
ally built and tested but did not reach 



the stage oi lead mess lor production and 
miliUuy use be l ore the end ol the war. 
Werner fall , a guided missile, looked like 
a small V-2, except lor a set of stubby 
mid-body wings. It stood some 24 feet 
tall and had a takeoff weight of slightly 
ovei 7,600 pounds, of which 4,100 
pounds was piopellants. Since the mo- 
toi thiust at takeoff was L7,600 pounds, 
its effective takeoff acceleration was 
about 1 .3 g, oi J 3 times the accelciation 
of a body falling under tlie influence of 
the eai til’s gravity This was slightly 
higher than the takeoff acceleration of 
V-2. W (laser fall operated without pumps, 
fuel feed being accomplished by air 
pressuic The oxygen eat riei loi this mis- 
sile was nitric acid, to which 10 per cent 
of sulfuric acid was added. The fuel was 
vinyl isobutyl ethci, code-named Vi sol. 
Originally the design had called for light 
metal alloys for almost eveiy thing except 
the motor and the acid tank, actually it 
was built ol steel, just like V-2. 

If WcmcrfaU was quite conventional 
in design, the unguidcd rocket Taifun, 
a small, high-velocity missile that was to 
be fired in s wm ms, was quite radical. 
The rocket, cylindrical in shape except 
for the pointed warhead, was loui inches 
in diameter and 75.6 inches tall. The 
cylindrical body served as lank lor the 
VisoL Inside was a second, concentric 
cylinder that served as the tank for the 
acid. The two liquids were forced into 
the motor by gas piessure. It was not 
compressed gas, however, hut the gas 
developed by a burning disk of cordite. 
The rocket on takeoff weighed not quite 
43 pounds, of which 21 .6 pounds was 
propellants. And it took off with an ac- 
eeleiation of 31 g Three seconds later 
the acceleration had risen to 45 g. 

The Peenemunde rocket A-5, designed 
for research tests of instruments and 
mechanisms to he used m other lockets, 

, was 16.5 feet tall, with a maximum diam- 
etei of two feet. It reached an altitude 
of 40,000 feel when fired vertically. It 
came down by parachute— the only rea- 
sonably huge rocket so far that has been 
retrieved without destruction. (In the 
larger rockets valuable individual instru- 
ments are recovered by means of small 
parachutes.) It was also the only rocket 
for liquid fuels that used a so-called 
mono-fuel: highly concentrated hydro- 
gen peroxide. 

Hydrogen peroxide (TLOo) had pre- 
viously been known mainly in weak solu- 
tions; the household variety has a 
strength of four per cent. Higher con- 
centrations were known to decompose 
according to the formula: 2Ho0 2 ~ — ^ 
2H 2 OTOo. This reaction releases 
enough heat to raise the temperature of 
the decomposition products to about 950 
degrees G. It had always been thought 
that hydrogen peroxide could not be 
manufactured and stored in high- 
strength solutions in large quantities. 
After much research, the Germans sue- 



SPONTANEOUS IGNITION of aniline and red fuming nitric acid is photo- 
graphed at 64 frames per second in the Jet Propulsion Laboratory of the 
California Institute of Technology. This combination propels Wac Corporal. 
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ceeded in making it compaiatively safe, 
provided that two conditions were ful- 
filled. One was to keep impurities (not 
counting the water, of couise) down to 
a few parts m a million. The other was 
to keep any trace of copper out of the 
metal paits that might touch the perox- 
ide. Copper-free nickel alloys or abso- 
lutely pure aluminum weie used as con- 
struction materials for these parts The 
reaction was started catalytic ally, by the 
addition of sodium or potassium perman- 
ganate The leaction that piopelled the 
A-5 was also used in the V-2, lor the 
purpose of generating steam for the tur- 
bine that was to diive the fuel pump. 

Refinements 

Meanwhile the engineers at Caltech’s 
jet Propulsion Laboratoiy were busy de- 
veloping not only improved solid fuels 
but a liquid-fuel booster unit for air- 
planes to assist in takeoff. They knew 
what they wanted to use for an oxidizer: 
nitric acid. At fust they used what is 
known as “white acid”— relatively pine 
HN0 3 . The results were not good They 
switched to HNO3 + NO0, the red fum- 
ing nitric acid of commeice. It did better, 
but still not as expected. Then one of 
Caltech’s researches, Dr. Frank J. Mali- 
na, learned that another group of re- 
se aicliers at Annapolis was having the 
same trouble. Visiting them, he learned 
that they had considered adding some- 
thing to their gasoline for better per- 
formance, possibly aniline. Why not use 
pure aniline? Dr. Malina wiied the sug- 
gestion to his men in Pasadena. The re- 
sult was an excellent motor, cooled by 
its own fuel and needing no ignition, 
since aniline and nitric acid burst into 
flame spontaneously upon meeting. 

This became the motor of the Wac 
Corporal. A cylindrical rocket with a 
long conical nose, the Wac Corporal is 
16 feet tall and one foot in diameter. Its 
burning period is 38 seconds. In its first 
ascent on February 24, 1946, assisted by 
a solid-fuel takeoff booster, it reached 
a height of 230,000 feet. 

In spite of its military designation, the 
Wac Corporal is a peaceful rocket. It 
was designed as a carrier for instruments 
to high altitudes. But it fell short of the 
scientists’ aims as an instrument carrier. 
Before die Wac Corporal, experimenters 
would have been enormously happy with 
any method of getting even a single in- 
strument to altitudes above 200,000 feet, 
but they soon began to complain that the 
payload was not large enough. The re- 
sult of diese complaints was the Aerobee 
rocket. 

As in the case of the Wac Corporal, 
the Aerobee’s motor was developed and 
built by the Aerojet Engineering Corpo- 
v ration, and the rocket proper by the 
Douglas Aircraft Company. The techni- 
j Cal direction was in the , hands of the 
f A ^plied Physics Laboratory of Johns 


Hopkins Umveisity. The Aeiobcc, 15 
inches in diamelei, stands 226 inches 
high, 88 inches of which is a long 
pointed nose housing the instruments to 
be borne aloft. Like the Wac Coiporal, 
it takes off with the aid of a solid-fuel 
booster that laises its velocity to about 
1,000 feet per second, whereupon the 
motor takes over. This motor, in 45 sec- 
onds of burning, adds another 3,100 feet 
per second to the speed and raises the 
locket to a total altitude of 70 miles with 
a 150-pound payload of instruments. 
Linger payloads can be carried, but that, 
of couise, reduces the peak altitude. 

As fai as published information goes, 
no parachute recovery of this rocket has 
ever been attempted, hut die designers 
have thought of an interesting substitute . 
When the rocket descends, a small con- 
trolled explosion knocks off its tad fins. 
The rocket is then completely unstable, 
aerodynamically speaking, and it tum- 
bles to the ground, thereby taking maxi- 
mum advantage of the air resistance. 
Falling to eaith at a speed of about 150 
feet per second, it lands with an impact 
that is not gieat enough to destioy the 
instiuments, especially on desert sand or 
soft soil. The fiisi full-dress firing oi an 
Aerobee took place on November 24, 
1947. 

The two newer xockels— 774 (built by 
Consolidated- Vultee) and Nativ (built 
by North American Aviation)— arc still 
laigely seciet Both are liquid-fuel rock- 
ets. The lather large 774 has a potential 
altitude of 100 miles. The small Nativ 
rises only a few miles. Both are meant as 
piactice missiles for the training of mis- 
sile crews. 

What Next? 

As everyone knows, lockets are now 
being used foi exploratory lesearch. 
High-altitude shots with ex-German 
V-2s, Wac Corporals and Aerobees have 
provided a great deal of very interesting 
information about the density and tem- 
perature of our atmosphere at altitudes 
that were inaccessible only a decade ago. 
The solar spectium has been consider- 
ably extended. The intensity and distri- 
bution of cosmic radiation has been 
measured. The intensity of the earth’s 
magnetic field at high altitudes has been 
ascertained. The Aerobee has proved, 
among other things, that high-altitude 
rockets are extremely useful in taking 
photographs of inaccessible territory. 

So far, however, the number of such 
shots has been small It is still a kind of 
probing, reaching at intervals into the 
ionosphere with questing instruments. 
The tiling still to be done is to repeat 
these probes often enough so that a sta- 
tistical distribution of high-altitude con- 
ditions and phenomena can be estab- 
lished, around the clock and around the 
seasons. The findings will not all be 
meteorological. Aircraft designers will 


get whole sets of completely new data, 
Long-i ange, high-velocity lianspoi tation 
is likely to be Lhe lesull. Very long-range 
weapons too. 

But the hugest piomiso is contained 
in that shot oi February 24, 1949. The 
promise is 111 the use of the step princi- 
ple. Even with the utmost refinement of 
design, even with veiy light and won- 
derful pumps, there is a limit to the 
mass latio a single socket can achieve. 
If we say, pessimistically, that that limit 
is a mass ratio ol 5 to 1, it means that 
the ratio between locket velocity and 
exhaust velocity will be about 8 to 5, 
say 8,000 feet pci second rocket velocity 
if the exhaust velocity is 5,000 ieet pei 
second. But if one huge rocket of a mass 
ratio 5 to 1 carries a small locket oi the 
mass nitio 5 to 1, the ratio of locket 
velocity 111 the upper step to exhaust 
velocity will be doubled, i a it will be 
16 to 5, and that corresponds to a mass 
1 atio of 25 to 1 . 

If the principle can be extended to 
Lhiee steps, we may very well get a 
“satellite rocket” that will cii cle the earth 
indefinitely. If we extend it to four steps, 
the fourth step should pass across that 
line where the pull of the moon is greater 
than that ol the earth. That fourth step 
will ciasli on the moon. 

To crash a rocket on the moon may 
not have any practical value, but it 
would be a highly symbolic act. Once 
that has been done the step principle 
may be extended much farther. A rocket 
that moved around the earth as a small 
artificial satellite, if it was enlarged and 
manned, would be the most useful in- 
vestment m the history of mankind. It 
would be a super-laboratory where any 
temperature might be created, where ex- 
periments could be carried out under 
apparently complete freedom from the 
effects of gravity. It would be a labora- 
tory with a limitless vacuum at the dis- 
posal of the researchers. It would be a 
highly superior astronomical observato- 
ry; any existing telescope, raised there 
and freed from the interfering atmos- 
phere, would be impioved in seeing by 
some 300 per cent. 

And finally, if fuels were accumulated 
on that station, so that a manned rocket 
could refuel, the satellite station would 
be the most effective “lower step” of all 
It would be the solution of the problem 
of space travel— the ultimate goal of all 
rocket research, A ship capable of taking 
off from the ground and reaching such a 
station would also be fully capable, after 
refueling, of reaching the neighboring 
planets. Thus the shot of February 24th 
has opened a window with a view of the 
nearer areas of our solar system. 


Willy Ley is a former mem- 
ber of the German Rocket So- 
ciety and author of the book 
Rockets and Space Travel, 




THE WAC CORPORAL is launched at White Sands 
Proving Ground. Flaming jet is from booster charge that 
pushes rocket during early part of its flight. This later 
falls away and motor of rocket proper begins firing. 


THE AEROBEE, engineered by the Applied Physics 
Laboratory of Johns Hopkins University, is also lifted 
by a booster. Flame inside tower, however, is from 
the motor of the rocket itself, which has begun to fire. 
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PLANT HORMONES 


Like animal hormones, they achieve powerful effects 
at a distance from their point of origin. Presenting 
a review of how they have been studied and applied 

by Victor Schocken 


M OST people are aware of the far- 
1 caching effects of hormones up- 
on their bodily functions and 
even their peisonahties. It is less widely 
lecogmzed that in plants as well as ani- 
mals hormones regulate the chemical re- 
actions that compnse the life processes 
of the organism. The hormones of 
plants, like those of animals, are chem- 
ical substances that are produced m one 
part of the organism and affect a physio- 
logical process in anothei pait. In plants 
the hoimones originate not in special 
glands but m buds 01 ceitam other glow- 
ing points. Some of them have been iso- 
lated in puic form. Moreover, just as 
drugs have been synthesized to simulate 
activities characteristic of hormones of 
the human body, so too synthetic com- 
pounds similai to the plant hoimones 
have recently been developed. In other 
woids, the plants have not only their 
adrenalin but tlieir Benzedrine as well. 

Obviously this means that man now 
has a practical means for the piactiee of 
therapy and control of the plant king- 
dom on a large scale. These natural and 
synthetic chemicals, which have been 
given the general name “auxins,” have a 
powerful effect on the growth and health 
of plants even when used in veiy tiny 
amounts. Some of them are already in 
wide use by farmers and gardeners as 
weed killers and in other, more subtle, 
capacities, but the full exploration of 
their possibilities has barely begun. 

The first observations that cleaily sug- 
gested the presence of a hormone in 
plants were made by Charles Darwin 
during his study of phototropism, or the 
tendency of plants to incline towaid a 
light source. This phenomenon had been 
observed long before Darwin, but he was 
the first to show that different parts of 
the plant were involved in leceiving the 
stimulus and in responding to it. Work- 
ing with the seedlings of canary grass, 
oats, beans, and other grasslike plants, 
Darwin found that if the tip of the seed- 
ling was covered with a cap of tin foil or 
blackened glass, the plant failed to bend 
toward a light directed at it from one 
side. If, on the Other hand, the seedling 
. was buried in fine black sand and only 
the tip was exposed, the phqtotropic 
curvature did take place; in fact the 


whole plant bent through the sand to- 
ward the light when it was illuminated 
hom only one side. Dai win also ob- 
served that if part of the tip was cut off, 
even as little as a tenth of an inch, the 
seedling no longer exhibited photo- 
tiopism. 

From these and many other experi- 
ments he concluded, as he lepoited in 
1881 in The Tower of Movement in 
Plants , that “when seedlings are freely 
exposed to a lateral light some influence 
is transmitted hom the upper to the 
lower pail, causing the hitter to bend.” 

But liow was the influence trans- 
mitted? The Danish botanist JP. Boy sen 
Jensen found that if an incision was 
made in the dark side of a unilaterally 
illuminated seedling, and a piece of mica 
was inserted in the slit, the stimulus 
was blocked and the seedling did not 
bend. The same operation on the illumi- 
nated side, however, did not interfere 
with the normal bending of the plant to- 
ward the light. Boy sen fensen concluded 
that the stimulus fiom the light passes 
down the daik side of the seedling. 

Fie then cut off the uppei part of a 
seedling, placed a drop of gelatin solu- 
tion on the cut surface of the stump, and 
replaced the upper part, holding it in 
position by means of a ling of cocoa but- 
tei . When the replaced tip was then uni- 
lateially illuminated, a decided curva- 
ture appeared m the part below the cut, 
which had been kept m the dark and 
was connected with the illuminated tip 
only through the gelatin. The stimulus 
had passed through the gelatin, a layer 
of nonliving matter. Clearly the trans- 
mission of the stimulus from the tip to 
the region of response did not depend 
on the vital process of the seedling. 

I T was A. Paal, working at the Uni- 
versity of Utrecht in Holland, who 
finally showed that the photo tropic re- 
sponse is due entirely to a growth 
substance winch is asymmetrically dis- 
tributed in the plant. He demonstrated 
that if the tip of a seedling was cut off 
and replaced so that it covered only one 
side of the stump, greater growth oc- 
curred pn that side and marked curva- 
ture of the plant resulted. This experi- 
ment conclusively proved the movement 


ol a giowlh-icgulalmg substance from 
the lip ol the seedling to the lower parts, 
and it showed in addition that it one 
side of the seedling receives a higher 
concentration of this substance, then that 
side glows moie rapidly and the seed- 
ling bends in the opposite direction. 

The pioblcm now was to extract the 
unknown substance. Continuing the 
work at Utiechl, F. W. Went (now at 
the California Institute ol Technology) 
cut off the tips of several oat seedlings, 
placed them cm a block ol agar, and then 
placed the agar atop one side of a de- 
capitated oat seedling. As in PaaTs ex- 
periment, the seedling curved away 
lrom the block, showing that growth 
hormone from the tips had diffused 
through the agar into the plant. Went 
found that the amount oi curvature was 
proportional to the number of tips used, 
which served as a rough measure ol the 
concentration of growth hormone in a 
block. This obseivation gave rise to the 
Avena test (named for the genus of 
plants that embraces oats), which is still 
a standard method oi quantitatively as- 
saying for growth substances. The pres- 
ent Avena test uses agar blocks, but a 
more precise standard of measurement 
than plant tips. 

With a method of assay for growlh- 
honuone activity at hand, biochemists 
became interested in this field of re- 
search, They could now determine the 
relative abundance of the hormone m 
various materials, and could lollow the 
activity of the hormone through extrac- 
tions, concentrations or other chemical 
treatment. If by means of the Avena test 
they could find some abundant, auxin- 
rich material, then a chemical isolation 
of the hormone would be possibly 
Fritz Kogl and his gioup at the Univer- 
sity of Utrecht undertook that search. 
In the course of testing a great variety 
of substances, they found that human 
urine is rich in growth substance. They 
therefore obtained about 40 gallons of 
urine from a hospital and proceeded to 
concentrate the hormone activity by 
chemical treatments. They eventually 
obtained 40 milligrams of crystals that 
had an activity 50,000 times as great as 
that of the original urine. This tiny pile 
of material, no larger in aggregate bulk 



limn a luill-caiai diamond, was so con- 
centrated that, dissolved and diluted, it 
would have been sufficient to induce 10 
devices oi ourvalme m each of two bil- 
lion oat seedlings. Upon chemical analy- 
sis the active substance was found to be 
a new compound, C| S IL {1 >O iV It was 
named auxenh iolic add 01 auxin a 
In the same yeai, 19*34, a second 
active substance was isolated from corn- 
geim oil by a similar pioceduie of ex- 
traction and concentialion. Tins sub- 
stance, winch is quite similai to auxin 
a, has the foimula C ls II ;{n O H ). It was 
called auxenolonie acid oi auxin b. And 
finally, m tlie corn sc ol i opeating tlie iso- 
lation fiom urine on a largei scale, the 
Kogl group isolated a tliiid giowth sub- 
stance, indole-ace Lie acid, a compound 
which had been iamiluu to chemists loi 
50 yeais, tlumgii not until then leeog- 
mzed as a growth substance. 

T HE problem lomumcd to detenmne 
which ot the three was the natural 
growth hormone in plants. By a piocess 
of elimination depending on tlie molcc- 
ulai weight and chemistry of the active 
materia], it was determined to be auxin 
a, but moie recently indole-acolic add 
has also been isolated fiom plants, hi 
any case, it was the discovery ol l ho 
growth-promoting activity ol the com- 
mon chemical mdolc-aeetic add that 
made possible the vast research program 
that followed. Not only indole-acetic 
acid itsell but many ol its close chemical 
relatives, such as mdole-propionic acid 
and naphthalene-acetic acid, were found 
to possess growth-promoting activity. 
Plant scientists were thus provided with 
an an ay ol relatively simple and easily 
available organic compounds to use in 
hi rthei expenmen t a bon . 

Indole-acetic acid has become the 
standard by which the giovvth-promot- 
ing activity of a substance is measured in 
the Avena test. The test is earned out 
in the following way: Seeds of a gen- 
etically pine strain of oats are stripped 
of their husks, are germinated on filter 
papei moistened with distilled water, 
and then are grown m glass b oldens. 
When the seedlings are about an inch 
high, the tips are removed, and the de- 
capitated plants are divided into two 
groups. On one side of the stumps of one 
gioup are placed agar blocks containing 
known amounts of mdole-acetic acid. 
On the other gioup are placed agar 
blocks of the same size and composition 
but containing the substance to be tested 
instead of indole- acetic acid. After 90 
minutes of growth, all the seedlings are 
photographed and their curvatures are 
measured. By comparing the curvature 
produced by the unknown substance 
with that produced by indole-acetic 
acid, a quantitative estimate of the auxin 
activity of the unknown is obtained. 

After their identification, the next 
important discovery about the auxins 



EXPERIMENTAL ORGANISM used in many plant-hormone studies is the 
oat seedling, a vertical cross section of which is at left. The horizontal cross 
section is at lower right. At upper right (a) is the head of a pair of scissors 
used to decapitate the seedling. Below it (b) is a plant wounded in an early 
observation ol hormone effects. In middle (c) is oat tip mounted on a razor 
blade for the phototropism experiment described in text of this article. 
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was that besides promoting the giowtli 
of seedlings they also influence the de- 
velopment of plant form and stmctuie. 
It had long been known that while the 
mam shoot of a plant is gi owing, its lat- 
eral buds are inhibited If, however, the 
bud at the apex is cut off, the lateial 
buds begin to develop It had been pos- 
tulated that an inhibiting substance dif- 
fuses fiom the growing bud to the tissue 
below it. With the advent of synthetic 
growth substances this theoiy was cor- 
loboiatecl. When the apical bud was 
removed fiom a shoot and a small quan- 
tity of indole-acetic acid was applied to 
the stump, the lateial buds did not de- 
velop, Thus indole-acetic acid, which in 
other experiments had been observed 
to promote growth, was found to possess 
the powei to inhibit as well. 

A T about the same time it was demon- 
- strated that the auxins have rool- 
foiming activity. This was another illus- 
tration of the versatile way m which 
auxins affect growing plants. But it also 
had an immediate practical importance, 
foi expei iments performed on a gieat 
variety of plants showed that auxin ap- 
plications are generally beneficial m 
bringing about the rooting of cuttings. 
This process, known as vegetative propa- 
gation, is extremely useful to the horti- 
culturist, for by means of it a great many 
genetically identical plants may be made 
from a single individual, and a desired 
genetic pattern, as in a variety of apple, 
a seedless orange, or a rose of a new 
color, may be preserved from generation 
to generation. In practice the cutting 
is usually a twig with a few leaves on 
it, but sometimes leaves, pieces of stem 
or root, or even bulb scales may be used 
to start a new plant. Auxin-treated 


cuttings generally loot moie rapidly than 
untieatecl ones, and the loots me moic 
abundant and strongci Dipping cut- 
tings into auxin solutions or powdcis 
has become standaid horticultural piac- 
tice, and theie are on the maiket today 
dozens of preparations designed foi the 
nmseryman or home gaiclenei. Inciden- 
tally, it has been discovered that this 
same ability to promote root giowtli is 
possessed by the petroleum product 
ethylene, which also has the pioperty ol 
aeceleiatmg the lipenmg of huit. Ethyl- 
ene is given off by ceiUun varieties of 
quick-ripcning apples, and if such apples 
aie put m an an tight contamei with 
gieen tomatoes the tomatoes have been 
observed to ripen faster. 

Another pioperty of auxins that has 
giown to economic importance is their 
ability, when applied to the flowers ol 
certain species, particularly the tomato, 
to initiate the development of huit with- 
out pollination. Because of the difficulty 
of obtaining satisfactory pollination m a 
greenhouse where there are few insects 
and little wind, greenhouse growers of 
tomatoes aie increasingly resorting to 
auxin treatments in the form of sprays or 
aeiosol mists to improve fruit set. Fruits 
so induced are usually seedless; so be- 
sides mci easing yields, auxin treatments 
may make possible the development of 
new seedless varieties. 

In the laismg of pineapples there is 
also some difficulty m obtaining satis- 
factory fertilization and development of 
the fruit. But heie the problem is to ob- 
tain flowering of the plant at the proper 
time. The size to which the fruit devel- 
ops is diiectly dependent on the number 
of leaves on the plant at the time of 
floweiing. J. van Overbeek, working in 
Puerto Rico, found that the Cabezona 


vanety oi pineapple, which flowers poin- 
ty when loll to llseli, can he made to 
flower at any time ol the year by a single 
application ol an auxin (naphthalene- 
acetic acid 01 2/l-dichl< nop henoxy acetic 
acid). We theieloie have the interesting 
possibility ol piodueing uniform huits oi 
a selected size by applying the auxin to 
each plant when it has the appropriate 
number of leaves. 

Although apples and pears need no 
such stimulation to flower and fruit 
abundantly, growers of these fruits use 
large amounts of auxins foi still another 
pm pose. One ol the main sources of loss 
to apple and pear crops lias been prema- 
ture diop From a fourth to hall ol the 
entire crop may he lost because the fnut 
falls beioic it has matured or developed 
good coloi. Thus the grower must either 
harvest befoie the best quality is at- 
tained or else nsk a heavy fall. It had 
been observed that auxin applications 
delayed the fall of the leaves in Coleus 
plants, a genus of mint. Auxin sprays 
wcie theieloie tried on apple tiees to 
delay the fall ol the fruit. This treatment 
pioved highly successful, and now or- 
chards Ls can obtain reasonable assur- 
ance against loss to their apple and pea) 
crops by using any one of several spe 
cuilly prepared commercial auxin sprays. 

Still another commercial application 
of auxins takes advantage of then* 
growth-inhibiting ability. The methyl 
ester of naphthalene-acetic acid prevents 
the sprouting of potatoes in storage; thus 
the tubers will keep longer, even at warm 
temperatures. Nurserymen have found 
the same compound useful in storing 
quick-sprouting plants such as rose- 
bushes. 

One of the more recent additions to 
the auxin family is 2,4-D (2,4-dichloro- 



pheuoxy acetic acid ) . This compound 
has lcceived wide acclaim as a weed- 
killer, 1 oi when spiayed on plants it 
kills the bioad-leavecl dicotyledons (the 
great subclass of seed plants that in- 
cludes most heibs and shrubs), while 
spaiingthe grasses. Undei lavoiahle eii- 
cumstances, theieloie, it can be used to 
keep sugar-cane fields, cornfields, golf 
courses 01 lawns fice from most common 
weeds without laborious hoeing or weed- 
ing Recent experiments indicate that m 
the plants afiected by 2,4-D theie is a 
temporal y sharp increase m the late of 
metabolism. The sprayed plant is not 
only injured where the chemical comes 
m contact with it, but is stimulated to 
bum up its leseive food supply. As a 
consequence it starves to death, hi 
smaller conccnti aliens 2,4-D can also he 
used f 01 most of the applications of 
auxins pioviously mentioned It can even 
cure— by its lethal action m anotliei area 
of the plant kingdom— the fungus infec- 
tion athlete’s loot. In fact, 2,4-D well 
illustrates the wide variety of responses 
that auxins can elicit from plants. 

T HE gieal versatility of this hormone 
was graphically described m an ac- 
count of a senes ol experiments by J. W. 
Mitchell in the Yearbook of Agriculture 
1943-1947; 

“For instance, if only a speck, about 
one millionth of an ounce, of 2,4-D is put 
on one side of the stem of a bean seed- 
ling, the cells along the boated side 
grow faster than those on the untreated 
side and the plant will bend sharply in a 
direction away fiom the treated surface. 
If, however, about 2,000 limes that 
amount of 2,4-D ( about as much of the 
powder as can be held on an eighth of 
an inch of the flat end of a toothpick) is 


mixed with a little lanolin and the mix- 
ture is rubbed on a tender section of the 
stem, the plant responds dxffeiently. 
Food materials within the plant aie 
moved from other parts of the stem, and 
possibly lrom some of the leaves, into the 
heated section, where many new cells 
aie foimed. The new cells finally become 
oigamzed and ananged so that they 
form new roots inside the stem. The 
young roots, called loot primoicha, later 
push then way to the outei surface of 
the stem, and if that part of the stem is 
covcicd with moist soil the primordia 
will grow out into it and function as 
ordinary loots do in supplying the plant 
with water and nulnents. 

“If, on the other hand, the above- 
ground parts ol the plant are sprayed or 
dusted with 2,4-D, the response is yet 
different, for leaf growth ceases, the rate 
ol lespnation of the plant is mci eased, 
and its reserve food materials are bioken 
down and subsequently burned up. As a 
lcsull the plant generally dies one to 
three weeks after treatment, oi the 
length of time required for its reseive 
food matenals to be depleted,” 

We can see now that while the activi- 
ties of plant hormones paiallel those in 
animals up to a point, the parallel is not 
complete. The auxins seem to lie moie 
general and versatile in then* effects. 
Whereas an animal hormone is likely to 
control only a single process or reaction, 
an auxin may influence a plant m many 
different ways, at least so far as the 
physical effects are observable. Some- 
times it stimulates growth; under other 
conditions it retards growth. Sometimes 
it induces a tumor. Sometimes it kills the 
entire plant. Such observations lead with 
increasing clarity to the conclusion that 
the auxins must influence some basic 


general cellulai process, and that the re- 
sult of tins influence may be expressed 
m a variety of ways, depending on the 
nature and age of the tissue, on the 
availability of other interacting sub- 
stances, and on the external and internal 
conditions. 

M ANY mvestigatois have concerned 
themselves with determining how 
the influence is effected and what reac- 
tions are involved; for to understand the 
mechanism regulating the growth and 
development of plants would indeed be 
a step toward understanding life itself. 
Theones have been proposed, of couise, 
but they are little more than guides for 
fuither research, since none is supported 
by a sufficient body of facts and observa- 
tions to be accepted as an explanation. 
Because the auxins affect the growth of 
plants in such small concentrations, it is 
widely believed that the auxins must 
play some lole m an enzyme system, 
either dnectly, for example as coen- 
zymes, oi indirectly through chemical 
mediation. Although the identity of the 
enzyme involved m the response to 
auxins has not yet been established, it is 
to be hoped that work now in progress 
will eventually yield the long-sought ex- 
planation. 

Meanwhile the chemical i evolution in 
ugricultmc continues and the prospect 
of regulating the xate and pattern of 
plant growth by auxins gives promise 
of a new epoch of abundance through 
a hilheito unhoped-for control over 
nature. 


Victor Schocken is a re- 
search fellow at the Na- 
tional Cancer Institute . 



leaf grows out. In fourth and fifth an outer section is cut In seventh the agar block is mounted. In last drawing 
off, leaving leaf. In sixth the leaf is gently pulled loose. the hormone in block causes the seedling to bend. 


43 



vtefimA 


Do they express the dreamer’s irrational strivings, 
as Freud contended? Not necessarily, says a modern 
analyst, suggesting a new interpretation of them 

by Ericli Fromm 


S IGMUND FREUD’S theoiy of 
di earns was part of his theory of 
man. He assumed that man in the 
course of his giowth is forced to repiess 
evil strivings— egocentncity, destiuctive- 
ness, irrationality— in order to adapt him- 
self to the lequirements of social life. He 
does so, said Freud, paitly by turning his 
asocial strivings into socially useful ones 
—a process which Freud mterpietcd as 
either “sublimation” or “reaction forma- 
tion.” Successful “sublimation” is exem- 
plified by the surgeon who has turned 
his original sadistic strivings into a 
socially useful activity. An example of 
successful “1 eaction formation” is that of 
a humanitarian who has developed gieat 
kindness in combatting his destructive 
potentialities. The best m man, aceoul- 
mg to Freud, is looted m his worst. 

When we aie asleep, Freud reasoned, 
we lelax the effort that normally re- 
strains the criminal we are at bottom. 
Our dream life is the refuge, as it weie, 
where we recover from the heavy bur- 
den of our culture and are free to satisfy 
repressed infantile strivings. Yet even in 
sleep the internal censor’s attention is 
only relaxed, not entirely dismissed. To 
deceive him, we dieam in a kind of 
secret code. The real meaning of the 
dream can be unclei stood only if the 
code is deciphered. This piocess of de- 
ciphering is what Freud called the inter- 
pretation of dreams 

Freuds theory of di earns shocked psy- 
chologists and was denounced by many 
as unscientific. Most of his followers have 
defended it fanatically, though some, ac- 
cepting its heavy content of truth, came 
to consider it one-sided. Carl Gustav 
Jung, who became the leader of this 
group, tended increasingly to emphasize 
the “higher” aspects of dreams just as 
one-sidedly as Freud had emphasized 
the “lower.” Where Freud had found in 
dreams only irrational infantile strivings, 
Jung saw only expressions of moral or 
religious experiences, which he inter- 
preted as outgrowths of racially inherited 
religious and metaphysical ideas. 

S a man saw in his dream a woman 
whose features were unknown to him, 
Freud , would assume that this woman 
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ropicsentcd his mothei, that the infantile 
sexual attachment to the mother, rc- 
piessed m the conscious state, was satis- 
fied m the dieam Freud argued that in 
the dieam she lemaincd unknown to die 
dreamei m order to fool the censor. Re- 
lating this longing for the motliei to the 
recent experiences of the dreamer, the 
analyst sought the hidden incestuous as- 
pects in the dreamer’s lelationship to a 
woman with whom lie may recently have 
fallen m love Jung, on the other hand, 
tended to mlcipret the unknown woman 
as the image of the “unconscious,” and 
also as a symbol of the feminine aspects 
m the male di earner’s personality 

Had Jung been less concerned with 
creating another school, and less fasci- 
nated by mational racialism, bis depar- 
ture hom Freud’s dogmatism could have 
avoided the blind alley into which it ul- 
timately led. As mallei s stand, a con- 
structive revision of Freud’s theory of 
dreams must pick up the thread where 
it was left before Jung’s and other schools 
of psychoanalysis were formed. 

W E MAY begin with Aristotle’s defi- 
nition of dreams, quoted but not 
accepted by Freud. Dreams are expres- 
sions of any kind of mental activity un- 
der the condition of sleep. The distinc- 
tive quality of dreams, then, is not a 
particular area of experience— neither 
Freud’s “infantile wishes” nor Jung’s 
“true picture of the subjective state”— but 
the effect of the condition of sleep upon 
our mode of experiencing. 

Physiologically, sleep is a condition of 
chemical regeneration of the organism. 
Energy is restored while physical ac- 
tivity and even sensory perception are 
almost entirely discontinued. Sleep sus- 
pends the main function of waking life: 
reacting to reality by perception and 
action. This difference between the bio- 
logical functions of waking and of sleep- 
ing is, in fact, a difference between two 
states of existence In the waking state, 
thoughts or feelings respond primarily to 
challenge— the challenge of mastering 
our environment, changing it, defending 
ourselves against it. The primary task of 
waking man is survival; this means, es- 


sentially, that he must think in terms of 
time and space, and that his thoughts 
aie subject to the logical laws which arc 
necessary lor action. 

Dining sleep the frame ol refeience 
changes radically. While we sleep we aie 
not concerned with bending the outside 
woild to our purposes. We arc helpless— 
but we arc also free. We aie tree Jrom 
the burden of work, from the task ot at- 
tack oi defense, irom watching and mas- 
teiing reality. We live m an inner world 
concerned exclusively with ourselves 

Tu sleep the loalm of necessity has 
given way to the icalm ol heedoin where 
“I” am the only system to which thoughts 
and leelmgs refei. In a dream the giiel 
1 expei iencod 10 years ago may bo just 
as strong now, and 1 may bale a person 
on the other side of the globe as intensely 
as if he stood beside me. Sleep expe- 
rience need not pay attention to qualities 
that aie impoitant in coping with reality. 
If I feel, for instance, that a person is a 
eowaid, I may dream that he has 
changed into a chicken. This change is 
illogical in terms of my orientation to 
outside reality, but logical m terms ol 
what I feel about the person. Sleep expe- 
rience, therefore, is not lacking m logic, 
but is subject to a special logic of its own, 
which is cntiielv valid m that particular 
experiential state. 

The “unconscious” is unconscious only 
m relation to the “normal” state of ac- 
tivity. When we call it “unconscious,” we 
really say only that it is an experience 
alien to the frame of mind which exists 
while we act, it is then felt as a ghost- 
like, intiusive element, hard to get hold 
of and to lemember. But the day woild 
is as unconscious in our sleep experience 
as the night world is in our waking ex- 
perience. 

From what has been said so far it fol- 
lows that the concepts “conscious” and 
“unconscious” are to be understood rela- 
tive to the sleeping and waking states 
respectively. As an old Chinese poet 
put it; “I dreamed that I am a butterfly, 
now I do not know, am I a man who 
cheamed he was a butterfly or am I a 
butterfly who di earns it is a man.” In the 
waking state of action those experiences 



which led leal in ihe cheum ui e “uncon- 
scious. ” But when we me asleep and no 
longer pieoceupied >vi ill action but with 
sell -expeiience, the waking experience is 
“unconscious" and sometimes it is a hard 
stiugglo to chase away the sleep woild 
and to convince onesell ot the leality 
of the waking woild 

It is line that even in the waking state 
ot existence, thinking and feeling are not 
entirely subject to the limitations ot time 
and space. Our ei native imagination per- 
mits us to think about past and lutuie 
objects as ii they were piesent, and ol 
distant objects as if they weie boloie our 
eyes It could iheioiote be argued that 
the absence ol the space-time system is 
not chaiacleiisLic oi sleep existence m 
contuuhstmction to waking existence, 
but of thinking and feeling in eonliadis- 
tmction to acting. Ileie it becomes neces- 
sary to clarity an essential point. 

We must distinguish between lire con- 
tents of thought processes and the logical 
categories employed in thinking. While 
it is true that the contents of our waking 
thoughts are not subject to limitations of 
space and tune, the logical categories ol 
thinking aie those ol the space-time 
logic. I can, loi instance, think oi my 
lather, and state that his attitude m a 
eeitain situation is identical with mine; 
this statement is logically coned. If I 
state, on the oilier band, “I am my 
father," the statement is “illogical” lie- 
cause it is not conceived in releicneo to 
the physical woild. The sentence is logi- 
cal, however, in a purely experiential 
realm: it expresses the experience of in- 


tense closeness to my fathei. When I 
have a feeling in the waking state with 
icgai d to a peison whom I have not seen 
toi 20 years, I lemam awaie of the fact 
that the peison is not piesent. But if I 
dieam about the peison, my feeling deals 
with the peison as ii he oi she were 
piesent Even to say “as if he were 
piesent” is to express the feeling m logi- 
cal waking-lii e concepts In sleep exist- 
ence theie is no “as if”, the person is 
piesent. (It is tiue, howevei, that sleep 
is not completely lice hom action con- 
cepts, as piovcd by the fact that some- 
times we think m oui dieam that what 
we dieam cannot leally be so ) 

The exponential mode of thought oc- 
ems m olhei fonns ot dissociation be- 
sides di earns— m the hypnotic trance, in 
psychoses, m eaily infantile experience, 
and possibly in primitive thinking. And 
theie is, ol course, the state ot intense 
mystical contemplation, wherein atten- 
tion is withdiawn completely from the 
outside woild as a potential field of ac- 
tum, and is completely focused on self- 
expencnce although the person remains 
awake. The mystic, indeed, considers 
this state to be the highest awareness. 
The language employed in such a state 
ol contemplation follows the experiential 
logic of the dieam, not the action logic 
ol “normal” thinking. 

So the sleep existence, it seems, is only 
(lie extreme case of a purely contempla- 
tive expei ieuco, which can also be estab- 
lished by a waking person ii he focuses 
on his inner expeiience. Symbolic lan- 
guage employing experiential logic is 


one mode of human expiesMon— just as 
valid and lational as oui “noimal” logic, 
and different from it only as to the sys- 
tems of lefeience. These systems, m turn, 
aie determined bv the total orientation 
of the culture Cultures m which the 
emphasis is on self -expeiience, such as 
those of the East, oi some “primitive” 
cultures where masteiy oi nature is little 
developed, give great scope to this sym- 
bolic language In modem Western cul- 
tuie, almost exclusively focused on activ- 
ity m the sense of mastery over nature, 
the comprehension of symbolic language 
has ati opined. Di earns aie lemnants ot a 
legitimate mode of human expiession, 
once well known, now looked upon as if 
they were undecipherable hicioglyphs 

I T is the peculiarity ol dreams that in- 
ner experiences are expicssed as if 
they were sensoiy experiences, subjective 
slates as if they weie actions dealing with 
external leality. This intei change be- 
tween the two modes oi expeiience is the 
veiy essence ol symbols, and particularly 
oi the clicam symbol. While the body 
is inactive and the senses shut down, the 
inner experience makes use of the dor- 
mant faculties ot sensoiy leaction. 

A iorcciul lllustiation of the dieam’s 
symbolic language is the stoiy of Jonah. 
God commanded the piophet to help the 
people oi Nineveh to repent of their sm 
and so to save them. But Jonah is a man 
ot stem justice rather than ot mercy; he 
declines to 1 eel icsponsible ioi sinners 
and attempts to escape from his mission, 
Me boards a ship. A storm comes up. 



SIGMUND FREUD, whose interpretation of dreams 
formed a keystone of his psychology, argued that they 
were symbolic expressions of man’s repressed impulses. 



Freud, thought that dreams were idealistic expressions 
of mankind's highest moral and religious experiences. 
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FAMOUS DREAM OF JOSEPH in the Bible is here to him in his dream. Freud's interpretation would he 
pictured in thawings which show the sheaves of grain Lhat the dream expressed Joseph’s feeling of supeii- 

(left) and the sun, moon and stars making obeisance ority to his father and brothers. But the events he 


Jonah goes into the hold of the ship and 
falls into a deep sleep. The sailois believe 
that God sent the storm because of Jonah 
and throw him into the sea. He is swal- 
lowed by a whale and slays inside the 
animal for several days. 

The central theme of this symbolic, 
dreamlike story is Jonah’s desire for com- 
plete seclusion and irresponsibility— a po- 
sition which at fiist was meant to save 
him from his mission, but eventually is 
turned into an unbearable, prisonlike 
existence. The ship, the sleep, the ocean, 
the whale’s belly— all are different sym- 
bols of that one state of existence. They 
follow each other in time and space, but 
they stand for growing intensity of a 
feeling— the feeling of seclusion and pro- 
tection. Being inside the whale has 
brought tliis experience to such a final 
intensity that Jonah cannot stand it any 
longer; he turns to God again; he desires 
to be freed, to go on with his mission. 

S O far we have been concerned with 
the mode of expression and the par- 
ticular logic of dreams resulting from the 
peculiar condition of sleep. We must 
now turn to the question in what respect 
the state of sleep also determines the 
content of dreams. According to- Freud 
it does so m a specific way. Culture, m 
his view, suppresses our primitive— bad- 
instincts and the sublimation and reac- 
tion formation springing from this sup- 
pression are the very essence of civilized 
life. Quite logically, then, in his view, 
dreams must bring out our worst, since 
in our sleep we are free— though not 
entirely— from cultural pressure. 

There can be no doubt that many 
dreams express the fulfillment of irration- 
al, asocial and immoral wishes which we 
repress successfully during the waking 
state. When we are asleep and incapable 
of action it becomes safe to indulge in 
hallucma tory satisfaction of our lowest 


impulses. But the influence of cultme 
is by no means as one-sidedly beneficial 
as Freud assumed. We are olten moie 
intelligent, wiser and more moral in our 
sleep than m waking life. The reason for 
this is the ambiguous character of our 
social leality. In mastering this reality 
we develop our lacultios of observation, 
intelligence and reason; but wc are also 
stultified by incessant propaganda, 
threats, ideologies and culluial “noise” 
that paralyze some ol our most piecious 
intellectual and moral functions. In fact, 
so much of what we think and feel is in 
response to these hypnotic mfluencos 
that one may well wonder to what extent 
our waking experience is “ours.” In sleep, 
no longer exposed to the noise of culture, 
we become awake to what we really feel 
and think. The genuine self can talk; it 
is often more intelligent and more decent 
than the pseudo self which seems to be 
“we” when we are awake. 

My conclusion, then, is that we may 
expect to find time insights and impor- 
tant value judgments expressed in our 
dreams, as well as immoral, irrational 
wishes. We may even find in them re- 
liable predictions, based on a correct 
appreciation of the intensity and the 
direction of foices operating in ourselves 
and in others. Both Freud’s emphasis 
on the “low” and Jung’s emphasis on the 
“high” aspect of dream content are* dog- 
matic restrictions. Only if it is recog- 
nized that dreams can express either side 
of a dreamer’s nature is the way cleared 
for a real understanding of them. 

The following examples illustrate the 
alternative interpretations that can he 
given to the same dream. The dreamer 
sees himself naked m the presence of 
strangers and feels ashamed but power- 
less to alter the painful situation. Freud 
said that this dream represented an in- 
fantile exhibitionistic impulse still alive 
in the adult. During sleep this impulse 


comes to the fore and finds its fulfillment 
in the dieam; the dreamer’s matuie per- 
sonality, not entirely silenced, reacts 
with shame and fear to the vciy wishes 
ol bis infantile self. 

No doubt many nakedness dicams aie 
to lie so understood. But otbeis must be 
interpreted differently. Nakedness is not 
necessarily an expression of sexual exhi- 
bitionism; it can also symbolize tlie true 
self of a peison, free fiom pretense and 
make-believe. A person who dreams of 
himself as being naked m a well-dressed 
group may give symbolic expression to 
bis wish to be honest, to he more him- 
self, not to be the conformist who wants 
to please everybody. And his embarrass- 
ment in the dream is the same embarrass- 
ment he would feel in waking, too, 
whenever he tiied to discard Ins de- 
pendence on other people’s opinions. 

According to the orthodox Freudian 
interpretation, the nakedness dream’s es- 
sential impulse is an infantile sexual de- 
sire; in the alternative interpretation, it 
is a rational wish, looted in the most 
matuie part of the dreamer’s personality. 
But if so, why should it be disguised in 
dream symbolism? Why should we xe- 
press some of our very best impulses? 
The answer is that in our culture people 
are no less ashamed of then best striv- 
ings than of their worst. Generosity is 
suspected as “foolish,” honesty as 
“naive,” integrity as “not practical.” 
While one tendency within our complex 
culture presents these qualities as vir- 
tues, another stigmatizes them as “ideal- 
istic dreams.” Consequently wishes 
motivated by such virtues often live an 
underground existence together with 
wishes rooted in our vices. To mistake 
rational wishes of the dreamer for ex- 
pressions of irrational strivings makes 
it impossible for him to recognize posi- 
tive goals which he has set himself. Yet 
to see in every dream an ideal or pro- 



dreamed of actually came Irue, and the author sug- 
gests that Joseph's vision in sleep revealed true insight, 
picturing a real superiority that Joseph could not admit 


in the conscious state for fear of social disapproval. 
Dreams, in the author’s opinion, may contain reliable 
predictions, based on a more accurate understanding. 


found religious symbol is just as falla- 
cious. Whether a dieam is to he under- 
stood as an expression of the rational or 
the ii rational side in oui selves can be 
determined only by a full investigation 
of the individual case— by knowing the 
dreamers character, his associations 
with the dream elements, the problems 
he was concerned with before he fell 
asleep. 

The following dream is an example of 
unconscious insight and moial judg- 
ment: A man lias visited X, a widely 
known figure whose kindness and wis- 
dom are praised by evciybody, ITe was 
piopcrly impressed by the admirable 
man. The same night be dreams of X, 
who now lias a cruel face and tries to 
swindle a pool old woman out of her 
last dollar. ITe rcmembcis this dream the 
next day, is quite surprised, and won- 
ders why the dream picture of X differs 
so completely from the “real” picture of 
the day before. Suddenly he is struck by 
the recollection that bis instinctive reac- 
tion to X had been one of intense antip- 
athy— but so fleeting had this first reac- 
tion been that he was not awaic of it at 
the time of the visit. Actually his antipa- 
thy was his real insight into X’s charac- 
ter. It was silenced at once by the con- 
ventional picture of X: the “noise” had 
di owned the di earner’s real judgment, 
which awoke when he was asleep. 

If this dream were understood in 
Freud’s teims, the subject would accuse 
himself of unconscious hostility and, 
having discovered his own wickedness, 
would be all the more prone to accept 
the conventional picture of X. If, on the 
other hand, the interpreter assumed that 
dreams unerringly express the “real” 
judgment, the dreamer might accept his 
dream as evidence against X, and act 
accordingly, though it may indeed have 
expressed only the dreamer’s own hostil- 
ity. Which interpretation is correct can 


lie found only in an appraisal of the 
di earner’s total situation. 

One ol the best-known dreams of pie- 
diclion is Joseph’s dream, lepoited m the 
Bililc. lie dreamed that the sun, moon 
and stars weie making obeisance to him. 
His brothers, hearing of the dream, did 
not need the help of an expert to under- 
stand that the dream expressed a feeling 
ol superiority over Ins parents and broth- 
ers. It certainly can be argued that the 
infantile rivalry with father and brothers 
was the root of the dieam (which would 
be Freud’s intcrpictalion). But what 
Joseph saw in the dream later came true; 
the dieam indeed predicted future 
events. And Joseph was able to make 
such a prediction because he sensed his 
exceptional gifts, which made him ac- 
tually superior to the other members of 
his family; but the conceited character 
of such insight made it impossible for 
him to be aware of his superiority— ex- 
cept under the condition of sleep. 

W HEN we dream we speak a lan- 
guage which is also employed in 
some of the most significant documents 
ol culture: in myths, in fairy tales and 
art, recently m novels like Franz Kafka’s 
This language is the only universal lan- 
guage common to all races and all times. 
It is the same language in the oldest 
myths as in the dreams every one of us 
has today. Moreover, it is a language 
which often expresses inner experiences, 
wishes, fears, judgments and insights 
with much greater precision and fullness 
than our ordinary language is capable 
of. Yet symbolic language is a forgotten 
language, considered by most as non- 
sensical or unimportant. This ignorance 
not only prevents us from understanding 
the wisdom expressed in myths but also 
from being in touch with d significant 
part of ourselves. “Dreams which are not 
understood are like letters which are not 


opened,” says the Talmud, and this state- 
ment is undeniably tiue. 

Why, then, do we not teach the under- 
standing of this forgotten language as 
a subject in the curriculum of higher 
education? 

True, there are cli earns so difficult and 
complicated that it lequiies a psycholo- 
gist ol great knowledge and technical 
skill to understand them; and sometimes 
even the expert will fail. But is tills so 
different fiom the study ol languages, 
of mathematics, of physics? Liberal edu- 
cation, in general, only lays the founda- 
tions for more specialized skills which 
the student later develops for himself. 
The analogy between teaching dream 
interpretation and teaching languages is 
particularly close, not only because 
dream language is a sort of “foreign lan- 
guage” but also because the results of 
teaching are similar. No student suc- 
ceeds in mastering a foreign language 
without specialized study; but even an 
average undergraduate is capable of un- 
derstanding syntax and grammar. 

For a number of years I have been 
teaching dream interpretation not only 
to graduate students of psychoanalysis 
but also to undergraduates at Benning- 
ton College. The results, at least to my 
satisfaction, compare with the results of 
teaching any other subject matter to the 
same group of students. Remarkable 
achievements have been raie in this as 
in any other field; the minimum achieve- 
ments have not been lower. The aim is 
to help the student to understand an un- 
known language in which he expresses 
important aspects of his own personality, 
and also to understand a mode of expres- 
sion in which mankind has expressed 
some of its most significant ideas. 


Erick Fromm is author of 
the books Man for Himself 
and Escape from Freedom. 
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of the Ice Age 

The missing snakes of Ireland, the peal of the English 
Channel and the fishes of Great Salt Lake are among the 
biogeographer’s clues to the events of the Pleistocene 

by Edward S. Deevey, Jr. 


W HY aie there no snakes in Ire- 
land? Popular legend says that 
St. Patiick diove them out. Sci- 
ence has a less lomanlic answer, but the 
popular one is not devoid of scientific 
significance, for whoever thought ol it 
fiist must have recognized a real prob- 
lem. That is, he must have realized that 
snakes ought to occur in Ii eland, and 
concluded that they once did. There are 
no land snakes in Hawaii either, but I 
doubt that Hawaiian folklore has found 
it necessary to invent a story to account 
for the fact. On an oceanic island, sepa- 
rated from the nearest land by thou- 
sands of miles of deep watei, one does 
not expect to find certain kinds of con- 
tinental animals. But Ii eland stands 
in lelatively shallow water and must 
once have been part of the Continent. 
It belongs to Europe, though no longer 
to the British Empire. 

Great Britain, which is just as much 
an island as Ireland, has at least three 
kinds of native snakes. Moreover, lie- 
land does not entnely lack reptiles and 
amphibians; its inhabitants include a 
species of salamandei, two tailless 
amphibians and a lizard, all of which also 
live in Great Britain. Clearly, if someone 
did not chase the snakes from the Ould 
Sod, some other sort of special explana- 
tion is called for. 

This kind of question has an endless 
fascination for biologists. Usually it can 
be answered, if it is answerable at all, 
only by appeal to the geologist, who may 
explain die distribution of animals in 
terms of the rise and fall of seas and land 
masses, the invasion of glaciers, changes 
of climate, and so on. The present range 
of a plant or animal species is the prod- 
uct of past as well as present geographic 
conditions, avenues of dispersal may 
once have existed where there are bar- 
riers now and vice versa, and the geol- 
ogist will know about past conditions if 
anyone does, I shall be concerned to 


show, however, that ciicumstanccs aie 
sometimes reveised, and the biogeogra- 
pher, dealing with the existing distribu- 
tion of animals and plants, is able to aid 
ihe geologist. 

The absence of snakes, and ol many 
other animals that might be expected to 
live m Ii eland, is a direct outcome of 
the Pleistocene geography of the British 
IslCvS. The matter has been summarized 
by Hallam Movius of Harvard Univer- 
sity, who, interestingly enough, is not a 
geologisL but a student of paleolithic 
archaeology. As a member of the Har- 
vard Irish Suivey, sometimes known as 
“Harvard’s investigation of the origins 
of the Boston police,” he had good rea- 
son to attempt a synthesis of the prob- 
lems of Britain during the Pleistocene. 

Of the four major glacial ages mto 
which the Pleistocene epoch is divided, 
we are sure that the latest, dunng its 
earliest part, saw all of Ireland and 
neatly all of Britain blanketed by ice. 
This glacial advance was followed by 
retreat and a time of genial climate. 
How far back tow aid Scotland the ice 
withdrew is not certainly known, but 
lime and holly grew at Kirmington in 
Yorkshne during the inteival, and Aurig- 
nacian man, famous for his paintings m 
the caves of southern France, was able 
to push north as far as Yorkshire. After 
this compaiatively warm episode the ice 
sheets advanced again as far as the Eng- 
lish Midlands, Wales, and in Ireland as 
far as Tipperary. 

Whether any of the animals and 
plants now found in Britain have lived 
there continuously since the last inter- 
glacial age is uncertain. It seems doubt- 
ful that more than a few of the har- 
diest— those now living in the highest 
parts of Ireland and Scotland— could 
have survived through the last glaciation. 
At any rate, the great majority of tire 
present flora and fauna must have im- 
migrated more recently. At the climax of 


die last glacial age England and Ireland 
were joined to the Emopean Continent. 
This came about because so large a frac- 
tion ol die Eaiths supply of water was 
dozen and piled on die land in die ice 
sheets of Europe and Noilh America 
dial die sea level was lowered, probably 
by about 300 foot. Bui at diis glacial 
tune die British Isles would scaicely 
have offered a desirable goal for the im- 
migiation of animals from Exu ope. 

T HE postglacial arrival of the seas at 
their piesenl level was the result of 
two independent and paitly opposed 
processes: the restoiation of water to the 
oceans, and the recovery of the Earth’s 
crust fiom its eiushing load of ice. The 
latter, of course, was confined to the 
glaciated regions, while the former was 
world- wide in its effects. To a consider- 
able extent the clarification ol this com- 
plex history in Britain has depended on a 
tune scale devised by biologists. This 
is the chronology based on analysis of 
ancient deposits of pollen (see chart on 
opposite page). It enables the British 
geographers to say that though the 
land is still rebounding, the sea itself 
had nearly finished its rise by the end 
of the Boreal phase of postglacial time. 
This was an episode of warm and 
compaiatively diy climate in western 
Europe, when Middle Stone Age man 
was adapting his hunting culture to the 
first postglacial foiesls. In early Boreal 
time man and many animals and plants 
were able to cioss dry-shod from France 
into England. By the end of the phase 
or shortly thereafter the sea had risen 
about 150 feet, and the English Chan- 
nel had come into existence. 

It is only by the grace of a remarkable 
geological accident that this sequence of 
events has been determined. From the 
Dogger Bank and other places in the 
North Sea, down to a depth of 162 feet, 
there have been dredged up deposits of 
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CLIMATIC CHRONOLOGY of eastern Noilh America may lie determined 
by boring into the bottom of lakes. The pollen from tike plants of each period 
lies in a layer. The species of plants may be identified by the pollen. The 
climate of the period is then infened from the plants that lived in it. 


peat. Now peat is a hcsh-watei deposit, 
a fact which is confirmed in this instance 
by finding fossils of beetles in it. The 
peat cannot have been picked up lioni 
the land and redeposited by the waves 
of the Noilh Sea, fm there is too much of 
it, and it is too coherent, being in all 
respects like peat from swamps. It must 
lie on an old land surface. By the depth 
of the salt water over it we can measure 
die ch owning, and the pollen that it con- 
tains establishes its age as Boi eal. 

The luck of the Irish geologists has 
not been so gieat. The bottom ot the 
Irish Sea has apparently been much 
modified by marine erosion since its 
toi illation, and it offers no means for a 
geological determination of how long 
Ii eland remained joined to England. The 
most one can say is that, as the water 
is deeper theie than m the English Chan- 
nel, it looks as though Ireland was sev- 
ered irom England bcfoic England was 
sepaiatecl from the mainland. 

This is just what biogeogiaphers have 
maintained. The land animals ol Ti eland 
aie lanly typical of an island that 
fonneily was in diiect communication 
with a neighboring continent. The island 
possesses a rich fauna, containing many 
animals, such as die frog, the salaman- 
dei, the hedgehog, the pygmy shiew 
and the stoat, that seem to have lequired 
a land connection J or their immigration. 
If only a few of these were present, one 
might put their occurrence down as a 
rare and unexpected instance of dis- 
persal over water. But the Irish list is too 
balanced and representative to have 
been the result of a senes of such casual 
migrations 

Yet when comparison is made with 
England, we see that the species miss- 
ing from Ireland are as suggestive as 
those that are present, Ireland lacks the 
common English meadow mouse, or any 
other member of the vole subfamily of 


rodents St. Patrick's curious prejudice 
seems also to have extended to the 
brown haic, the common shrew, the mole 
and the weasel, not to mention the 
dormouse and the yellow-necked field 
mouse. Perhaps because of. die absence 
of competition with these common Euro- 
pean and English types, eeitam Irish 
species have undergone considerable 
evolution in their pioud Hibernian iso- 
lation, and they are now distinct from 
their representatives and presumed an- 
cestors in Emopc. Examples are the 
Irish liaie and the lush stoat. 

These facts can mean only one thing* 
that a few early postglacial immigrants 
from Europe managed to leach Ireland 
over the land bridge via Great Britain, 
only to be cut off by the postglacial rise 
ol sea level. England and Scotland, 
which maintained direct connection with 
the Continent longer, received later 
waves of invasion by land animals. 

The same type of pioblem as that of 
Britain and Ireland has been studied by 
biogcogiaphic methods on the other 
side ol the world, in the Philippines. 
The three islands of Negros, Panay, and 
Masbate, collectively w called Visaya by 
Philippine biogeographers, stand to- 
gether on a submerged shelf less than 
160 feet deep. A lowering of sea level by 
that amount would make them all one 
island. They are separated from the neai- 
by island of Cebu by a strait 320 feet 
deep . Thei e ai e 32 kinds of nonmigratory 
birds restricted to Visaya, and 12 dif- 
ferent kinds to Cebu. It does not suipuse 
ornithologists to find birds so sedentaiy 
that they do not fly from one island to 
another. The significant fact is that the 
32 endemic subspecies are common to 
the three islands joined together by the 
160-foot depth contour, yet are lacking 
horn nearby Cebu. Evidently the last 
glacial lowering of sea level was suffi- 
cient to permit free migration by land 
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PLEISTOCENE MAP shows that Ireland and England were separated from 
each other at a time when England was still joined to the Continent. Pleisto- 
cene coastline is in black; present coastline is in white. The snakes that mi- 
grated from the Continent presumably could get no farther than England. 



PRESENT DISTRIBUTION of the waterbug Corixa is indicated by black 
areas in Europe, Africa and Asia Minor, Islands of Corixa in Africa have 
been interpreted by the Yale University zoologist G. Evelyn Hutchinson as 
remnants of pluvial period when Sahara was easier for the species to cross. 


birds among the three islands of Visaya, 
but not great enough for interchange 
with the bird populations of Cebu, In 
other words, the lowering of the level 
was more than 160 leet but less than 
320 feet. Most estimates of the world- 
wide fall of the sea level in the last 
glacial age range horn 230 to 335 feet, 
so the agreement is encouragingly close. 

A NOTHER diamatic study of Pleisto- 
- cene geography has been based on 
the distribution of fiesh- water fishes m 
the Great Basin of the western U.S. 
This subject has been investigated most 
recently by Carl L. Hubbs of the Scripps 
Institution of Oceanogiaphy and Robert 
R. Miller of the University of Michigan. 
Heie the problem is not one of changes 
of land and sea but ol cycles of rainy, 
or “pluvial,” climate. The deserts of the 
world, including the middle-latitude 
deseits of Noith and South America, 
Asia, and North and South Africa, ex- 
perienced pluvial climates duiing glacial 
ages of the Pleistocene. The deserts 
literally blossomed like the rose. Great 
lakes were formed, fed by many rivers. 
The Great Salt Lake, to name an exam- 
ple, is a pitiful remnant of its pluvial 
ancestor, Lake Bonneville. 

To stand amid sagebrush and saltbush 
on the floor ol a Pleistocene lake, with 
its ancient shore lines clearly visible on 
the sm rounding mountains, is a stirring 
experience for a geologist. It is even 
moie exciting foi a biologist, m the same 
circumstances, to see at his feet a tiny 
water hole— a spring oi perhaps a frag- 
ment of a stream that flows only during 
infrequent i amstorms— and to realize 
that fishes m the watei aie the last sur- 
vivors of a Pleistocene fauna. 

Geographic isolation is a powerful fac- 
tor in the formation of species. If the iso- 
lation is of long standing, evolutionary 
divergence proceeds so far that the dis- 
tribution of existing species becomes a 
puzzle to the geographer. But where 
the isolation is the result of geographic 
changes since the last pluvial age, the 
finding of fishes of the same species in 
separate basins in a region demonstrates 
that the waters were once connected. In 
the western Nevada of Pleistocene times 
there was a large body of water, pluvial 
Lake Lahontan. Its only appreciable 
modern descendant is Pyramid Lake, but 
theie are many dry or nearly dry basins 
in the area, such as Big Washoe Lake 
and Carson Sink, that weie formerly 
either part of Lake Lahontan or held 
lakes tributary to it. Some of these basms 
still have fishes m streams and springs, 
and they invariably belong to the Lahon- 
tan fauna, as we can reconstruct it from 
the present species of Pyramid Lake and 
Lake Tahoe. 

Sometimes the fish distribution points 
conclusively to the former connection of 
waters where the physiographic evi- 
dence is inadequate. More often, per- 



haps, the biologist is merely able to 
confirm the conclusions ol‘ the geologist. 
Physiographic data are more critical 
than biogeographic, and it would be idle 
to deny it. But when geologists showed 
that Pyramid Lake is too fresh to have 
existed m its piesent basm longer than 
about 4,000 years, and claimed that it 
must have dried up during an arid post- 
pluvial episode that ended about that 
long ago, biologists were quick to point 
out that this conclusion is incompatible 
with the existence ol well-defined en- 
demic fishes (a salmon and a sucker) in 
Pyramid Lake. These can only be La- 
hontan types, and lb ere lore date back 
at least to the last pluvial age, 15,000 
years or more ago. Theie must be some 
explanation other than youth loi the con- 
tinuing freshness ol the lake. For in- 
stance, it might once have had an 
outlet that canied ofl the salts delivered 
by rivers, and most of the salts deliv- 
ered m the past 15,000 years or so since 
the lake was isolated could have been de- 
posited elsewhere by evaporation. And 
the geologists, reconsidering, admitted 
that such could have been the case, 
and that the Black Rock Desert, to the 
north, evidently received and then con- 
centrated the overflow. 

In Africa, biogeography suggests that 
the Saliaia and other great deserts also 
had a rainy Pleistocene history. Some 
geologists deny that pluvial ages existed 
m equatoiial Africa, but it is clear fiom 
the biologic data that a great deal of 
migration of animals and plants requir- 
ing a moist, tempeiate climate took place 
across regions that aie deserts today, and 
this can only mean that the deserts had 
pluvial episodes. The evidence of the 
leakage of such species acioss the now 
and regions is especially clear in the 
present distribution of aquatic animals 
and plants. The waterbug genus Corixa, 
which is an inhabitant of temperate 
Europe, has an outlying station m Lake 
Naivasha in the eastern Rift Valley of 
East Afiica. In French Guinea on the 
West Afncan coast lives a salamander 
that apparently migrated from Europe, 
it is the only salamander below the 
Tropic of Cancer in the Old World The 
range of some species of birds, now 
divided between Abyssinia and the 
mountains of East Africa, shows that 
there was once a wider distribution of 
forests on the African plateau. 

Though bio geography has its tri- 
umphs, it also has its failures. A method 
that places so high a premium on scien- 
tific imagination is peculiarly liable to 
error. In general, the farther back in 
geologic time a biogeographic theory 
is pushed, the more likely it is to be false. 
Some restorations of past geography, 
notably certain land bridges erected on 
insufficient evidence, have turned out to 
be monumentally wrong. Even in Pleis- 
tocene bio geography, where we deal 
with events that occurred only yester- 


day, geologically speaking, it is exceed- 
ingly easy to be mistaken. 

One of the most famous theoiies 
ei ected on biologic evidence is the nuna- 
talc hypothesis, pioposed in 1925 by 
Memtt L. Fernald of Harvard Univer- 
sity. In the mountains of the Gaspe 
Peninsula, Newfoundland and Labra- 
dor, the higher peaks, m the opinion of 
some geologists, projected above the ice 
during the ice age, as some do in Green- 
land and Antarctica today. The Eskimo 
woid nunatak is used for such bare 
peaks. Fernald argued that many plants 
now found in eastern North America are 
older than the last glacial age, and that 
they survived the glaciation by taking 
lcfuge on nunataks. There is no doubt 
that certain plants could have done so, 
for they have been collected on modern 
nunataks in Greenland. But irises and 
lady’s-slippeis do not belong on such a 
list, and m applying his theoiy of glacial 
smvival to warmth-loving types Fernald 
seems to have proved too much. 

The basis of his argument was the 
occuirence, in the highlands around the 
Gulf of St. Lawienee, of many plants of 
peculiar distribution. Some of them, con- 
fined to patches a few acres in extent, 
have their only close relatives m the 
mountains of the West. In other cases 
even die same species is found in the 
Rocky Mountains and in Eastern colo- 
nies 2,000 miles away. Because the dis- 
tance of these colonies from the main 
range in the Rockies is so great, and be- 
cause so many of these plants have pro- 
duced new varieties and species, their 
Eastern isolation implies an origin at 
least as old as the last glacial age. Since 
many of them aie narrowly localized and 
evidently incapable of spreading, Fer- 
nald thought it impossible that they 
could have reached their present locali- 
ties by migration from the Rockies in die 
relatively short space of postglacial time. 
But so many plants have this sort of dis- 
tribution that Fernald’s hypothesis cast 
doubt on the view that eastern North 
America was extensively glaciated, 

Geologists who have re-examined the 
region with the nunatak hypothesis m 
mmd have concluded that their prede- 
cessors relied too heavily on negative 
evidence in supposing that mountain 
peaks were left uncovered by the ice 
sheet. The frost action characteristic of 
mountain climates tends to destroy the 
indications of former glaciation that are 
customarily looked for. Striae are soft- 
ened or obliterated, glacially modeled 
bedrock is blanketed by rubble, and it is 
difficult to distinguish glacial till from 
the bouklery material carried by mud- 
flows. Occurrence of foreign stones in 
such a deposit is decisive evidence of an 
overriding ice sheet, hut this is the sort 
of evidence that was usually missed by 
early geologic reconnaissance. Such 
boulders were found on the second try. 
Since we know now that active ice 


moved over the tops of some of the sup- 
posed nunataks, the plants must have 
had an uncomfortable time. 

A S one of the skeptical geologists has 
- remarked, it seems easier for a plant 
to reach the top of a mountain m post- 
glacial time than for a foreign boulder 
to do so. The biogeographic evidence, in 
other words, cannot be conclusive. If 
there were nunataks projecting above 
the Pleistocene ice, a few of the haidiest 
species presumably lived on them, 
though not exclusively there. It is 
gi anted that some of the St. Lawrence 
plants may antedate the last glacial age, 
but so, obviously, do most other plants 
that were pushed south by an ice sheet 
and returned on its letieat. The present 
flora of the St. Lawrence region must 
have survived the latest glaciation in 
refuges south of the ice, and subse- 
quently migrated north to its present 
position. The nanowly localized distri- 
bution of many species is not a proof of 
old age, for m some cases it is the re- 
sult of a pieference for a paiticular type 
of soil, while m others it is a sign of 
youth. The separation of the eastern and 
western populations is most simply ex- 
plained by the hypothesis that the 
formerly continuous lange of the plants 
rvas broken by glaciation of the conti- 
nental interior. 

Many biogeographers have made the 
mistake of underestimating the post- 
glacial and modem poweis of dispersal 
of organisms. But the faii-minded geolo- 
gist will not reject all biogeographic 
data on that account. For the solution of 
certain types of problems, especially the 
restoration of Pleistocene land connec- 
tions and stream connections, the strictly 
geologic data are likely to be inadequate, 
and the present distribution of animals 
and plants can be extremely helpful. Of 
course, one wo'dd always prefer that the 
deductions from the existing distribution 
be documented by the distribution of 
fossils in a clear stratigraphic context. 
Yet such documentation is all too rare, 
and we have to work with the evidence 
we have. 

The geologist can remind himself that 
geology itself is a field of historical in- 
quiry, where recourse to experiment is 
impossible; therefore it must advance 
over a spidery network of hypotheses, 
few of which can be tested immediately. 
And in all such inquiry there is a human 
tendency to disparage someone else’s 
legitimate hypothesis. To put it in the 
form of a Bertrand Russell conjugation, 
“I have scientific insight; you are carried 
away by your imagination; he indulges 
in irresponsible speculation."' 


Edward S. Deevey , 
Jr., is assistant pro- 
fessor of biology 
at Yale University. 
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THE ATHABASKA 
TAR SANDS 

They hold one of the world’s great collections 
of oil. The studies of a practical process for 
extracting it are making encouraging progress 



by Karl A. Clark 


HOT WATER PROCESS now 
under test in Bitumount pilol plant 


ALONG the Athabaska Rivet in the 
l\ Canadian Northwest, the cliffs 
-L that front the river are seamed tor 
mile upon mile with thick deposits of 
black sands. These sands have been a 
taunt to North Americans foi genera- 
tions. They are the famous Athabaska 
"tar sands”— an immense bed of bitumi- 
nous sand which holds one of the world’s 
greatest accumulations of petroleum. 
The formations visible outcrops alone 
cover an area ol 1,000 square miles. In 
its total extent it is estimated to underlie 
30,000 square miles of the region. Sam- 
ples of its rich black sands contain 
from 12 to 17 pei cent of oil by weight, 
and the deposits range up to 200 feet in 
thickness. Assuming conservatively that 
the sand formation as a whole averages 
50 feet and bears 12 per cent of oil, a 
little arithmetic shows that its total oil 
content must be reckoned in tens of bil- 
lions of ban-els. 

This oil cannot be won by the ortho- 
dox method of drilling wells and letting 
it flow. There is no gas pressure to drive 
the oil to wells, and m any case the oil 
is too heavy and viscous, at the tempera- 
tures prevailing m the formation, to be 
driven out by that method. Yet it lies 
ready to hand— a standing invitation to 
engineering ingenuity. The sand is so 
close to the surface that it can be ex- 
cavated by power shovels in huge quan- 
tities. And the extraction of tire oil fiom 
the sand presents no unsolvable prob- 
lems. 

The time has arrived when this great 
reservoir of oil must be regarded as of 
real, practical importance. Until recently 
it was considered an impressive but 
valueless natural phenomenon in a hope- 
lessly remote area. There was plenty of 
accessible oil elsewhere. But times have 
been changing fast. The Athabaska 
country of Alberta is no longer remote or 
inaccessible. North American supplies of 
petroleum are not as ample as they were, 
and the demand for them keeps grow- 


ing. The North American oil industiy has 
reached out into South Amenca and the 
Middle East lor oil to meet its i equip- 
ments. This situation would be satislac- 
toiy in a settled, peaceful world, but 
under the piesent uncertainty the dan- 
gei ol dependence on overseas sources 
in the event of war causes apprehension. 

While much attention and money 
have been applied to studies oi the pro- 
duction of oil from shale, natural gas and 
coal, the bituminous sands ol Albeita are 
piobably the most readily available sec- 
ondary souice of oil that the continent 
possesses During the war a hurried sur- 
vey was made to determine whethei 
enough was known about the extraction 
of oil from the sands to justify building 
a large-scale installation. It was found 
that while general methods were clear 
enough, practical details about plant de- 
sign and operation were lacking. In view 
of the growing difficulty in meeting de- 
mands for oil, it is cleaily advisable to 
learn how to build practical extinction 
plants and to find out what oil produced 
m them will cost. However this study 
may turn out— whether it shows that pro- 
duction of oil from the sands would be 
profitable now or should be deferred 
until there is greater need for it— it is im- 
portant to determine the actual possi- 
bilities of the bituminous sands. 

The Athabaska deposit is a huge allu- 
vium of unconsolidated sand that was 
laid down on a delta of the geologic 
past. The strata are lens-shaped and 
irregular. Beds of silt and clay are scat- 
tered through the sand beds, and the 
sand beds themselves have a variable 
content of clay. Oil, finding its way into 
this deposit, soaked the sand but failed 
to penetrate the clay. Unlike deep oil 
formations that are buried under rock 
and high pressure, the deposit is rela- 
tively cold— about 36 degrees Fahren- 
heit. It is an oil reservoir that has been 
brought to the surface by erosion and 
now lies under a few feet to a few hun- 


dred feet of sandy and clayey over- 
burden. Large sections of it have been 
laid bare by the Athabaska River, which 
cut a channel through the heart of the 
foimation. 

The oil in these sands is a veiy heavy, 
asphaltic crude with a high content (five 
pei cent) of sulfui. Its A.P.I. (American 
Petroleum Institute) gravity latmg is 10, 
compared with 35 to 40 lor good guides 
of Mid-Continent ciude. Oi dinary frac- 
tional distillation of the oil yields a few 
per cent of gasoline and some light to 
heavy fuel oils; about 60 per cent of 
the crude is left as an asphalt residue 
But the crude is very susceptible to 
ciacking. While it is not the kind of 
crude that a refinery prefers, it piesents 
no problems that the refining industry 
does not know how to handle The value 
of the Athabaska oil, howevei, is not in 
its quality but in its vast quantity. 

T HE stoiy of these bituminous sands 
commenced when the first while fur 
traders found their way over the Indian 
canoe loutes into the Athabaska and 
Mackenzie liver system. The sands re- 
quired no discovering There they were, 
flaunting then gieat extent and poten- 
tial value in cutbanks 100 to 200 leet 
high for 60 miles along the Athabaska. 
In due time membeis of the Geological 
Survey of Canada traveled the canoe 
routes doing the groundwork of the 
geology of the region. They were gieatly 
impressed by the bituminous sands, pon- 
dered about the origin of such a colossal 
accumulation of mineral oil, and specu- 
lated on how the huge resource might 
eventually be utilized. 

In 1922 a railway to the Athabaska 
River was completed. Then came the 
discovery of an oil field near Fort Nor- 
man on the Mackenzie River, of gold on 
Lake Athabaska and later at Yellow- 
knife on Great Slave Lake, and finally 
of uranium at the now famous Eldorado 
mine on Great Bear Lake. The airplane 




made these mineml finds possible and 
has been used extensively in their devel- 
opment During World Wai II laeilities 
lor transpoilation by water and by an 
into the North were expanded in con- 
nection with the Canol oil pipeline 
project, and these laciliLies have been 
1 ui ther developed since the wax to serve 
the rapidly developing mining camps 
centered on Yellowknife. Now the Alha- 
baska and Mackenzie valleys are covered 
by an air transport system supplemented 
by raihoad and by innumeiable powei- 
boals and barges plying the rivers and 
lakes. 

Amid all this activity the bitummous- 
sand deposit remains viitually un- 
touched. The seamed cliffs on the Atha- 
baska carry a smirk on their laces, and 
no one who visits the Northland can 
miss its meaning. It says plainly: “You 
are doing big things with everything else 
m this North country, but I have still 
got you beat. When are you going to do 
something about it^ 

The Geological Siuvcy ol Canada 
fiisl took up the challenge in 1897-8. 
Hoping to find Rowing oil at deeper 
levels, its geologists drilled into the 
formation at Pelican Rapids. At 740 feet 
they found rock-covered bituminous 
sands which contained gas under high 
pressure, but the oil was too heavy to 
flow In 1913 the engineei S. C. Ells, 
whose name and work are now insepa- 
rably associated with the Athabaska 
sands, was assigned to the study. Pie 
mapped the entire area and located 
all the bituminous-sand cxposuies. His 
maps are the basis for all present de- 
tailed work Ells also gave particular 
study to the utilization of bituminous 
sand as a paving material. 

Soon after the railway to the Atha- 
baska area was completed m 1922, the 
Research Council of Alberta began to 
investigate the problem of separating oil 
from the sands. In 1930 it built a small 
separation plant on the Clearwater Riv- 


ei, a tnbutaiy oi the Athabaska. The 
International Bitumen Company, which 
had a lease down the Athabaska at Bitu- 
mount, soon followed suit. A thiid pilot 
plant was built netu McMuiray, at the 
junction ol the Athabaska and the Horse 
Rivei, by Abasand Oils Limited, which 
was headed by the well-known pelio- 
leum geologist Max W. Ball, later Di- 
rector of the Oil and Gas Division in the 
U S. Department oi the interior. 

Beginning m 1942 these pioneering 
studies were supplemented by the Cana- 
dian Government, which began dulling 
operations to locate and prove large 
bodies of high-grade bituminous sand 
and took ovci the Abasand plant to study 
extraction processes. Unhappily the 
plant was destroyed by fire. The Gov- 
ernment oi Albeita theieupon entered 
the picture. At Bitumount, where the 
International Bitumen Company and a 
success oi company had been unable to 
cairy out their plans, it has built a sepa- 
ration plant which will be in operation 
this spimg. 

There are three geneial methods by 
which oil can be separated from bi- 
tuminous sand. One is destructive dis- 
tillation, which involves heating the sand 
m a retort to evaporate the oil The con- 
densed oil is much lighter than the origi- 
nal oil m the sand In this process some 
ol the possible products from the origi- 
nal oil— asphalt, foi instance— are lost. 
Moieover, the bituminous sand must be 
heated to very high temperatures. Since 
85 per cent of the material is sand, it is 
obvious that much wasteful heating is 
involved. To make the process a continu- 
ous one and reduce the waste of energy 
by providing a method of heat exchange 
would require a complicated plant. 

A second method is to dissolve the oil 
out of the sand by means of an organic 
solvent and then to recover it from the 
solvent by distillation. This is a process 
that is used m the laboratory for analyti- 
cal work. There are obvious difficulties 


in using it on a commercial scale. It 
saturates the sand with solvent instead 
of with oil, leaving the engineer almost 
where he was befoi e— he must now find 
u practical method of recovenng the 
solvent liom the sand. 

The third method is the so-called “hot 
watoi” piocess. The sand is agitated m 
hot water, wheieupon the oil leaves the 
sand and floats on the suiface of the 
water as a lroth. This process has the 
advantage of simplicity and cheapness. 
The handling oi hot water leqiures 
only simple equipment, and since water 
is cheap there is no need for gieut pre- 
cautions against losing some of it. II the 
hot watei is used moie than once, heat 
losses aie not serious 

This is the method that was chosen as 
most practical by the Research Council 
of Albeita. It is the one used in all the 
plants thus far built, including the new 
plant of the Piovmce of Alberta. The 
othei two methods, however, continue 
to be studied m laboratories. 

A THABASKA bituminous sand is very 
- amenable to treatment by the hot- 
water extraction method. Indeed, the 
problem is not to find a workable ex- 
tiaction process; it is to work out the 
engineering details involved in handling 
the matenals. No plant so far set up has 
experienced any tiouble in producing 
oil They have all had trouble, however, 
m keeping going mechanically. 

It is necessary, m explaining the hot- 
water process, to make clear just what 
soit of stuff bituminous sand is. The min- 
eral part of it consists of sand grains 
along with a variable amount of silty 
and clayey matter. The sand grams are 
composed almost entiiely of quartz. The 
silt and clay is extremely fine material 
and is composed of silicates instead of 
just silica. 

When excavated, the sand grains and 
the silt and clay are wet with water. The 
water, wetting the surfaces of the sand 
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grains, forms a film between oil and 
sand, hence the oil does not stick to the 
sand surface. The oil more or less fills 
the spaces between the sand grains. 

If a little of the bituminous-sand ag- 
gregate is put into a beaker of hot water 
and broken up by agitation, most of the 
oil dr aws x together into clots. The clots 
attach themselves to bubbles of air or 
water vapor which are always present 
and float to the surface. The accumula- 
tion of these clots forms a buoyant layer 
of froth. The clots, however, have en- 
meshed a good deal of sand m the 
process of formation, and when the froth 
is skimmed off it is found to be very 
sandy and, of course, to contain a great 
deal of water On a plant scale, the 
bituminous sand and water would be 
mixed and heated to form a hot, pulpy 
mass, which would then be pouied into 
a tank of hot water. There the sand 
sinks and the oil floats, and each can be 
removed by suitable mechanical means. 
If the pulp is watery, however, the re- 
sult is much the same as in the beaker 
experiment: the oil froth is veiy sandy. 

The problem is to get a froth that is 
as free of sand as possible. This is done 
by forming a thick pulp with a mini- 
mum of water. In such a pulp the oil 
does not draw together in clots. It is dis- 
persed in small masses, lying unattached 
among the sand giains. These oil masses 
vary in size, some of them being very 
tiny flecks. The silt and clay content of 
the bituminous sand is intimately asso- 
ciated with this clispei sion of the oil. The 
more clayey the bituminous sand, the 
greater the proportion of fine oil flecks. 
All the oil flecks contain silt and clay, 
but the very small ones are the more 
heavily charged. If this type of pulp is 
abruptly flooded with hot water and is 
swept into a large tank of water, all the 
elements are dispersed and each con- 
stituent is fairly free to go its inde- 
pendent way. The larger oil masses 
fasten themselves to air bubbles and 
float to the surface. The sand grains sink. 
The silt and clay, along with the tiny 
oil masses, remain dispersed in the 
water. An oil froth is formed as usual. 
This froth, however, is fairly free from 
sand, provided another factor is con- 
trolled. 

It is well known that oil-air bubbles 
have the ability to hold mineral particles 
and to float them. This phenomenon is 
the basis of the widely used flotation 
method of concentrating mineral ores. 
The phenomenon takes place in a hot- 
water separation plant just as readily as 
in a mineral-flotation cell. Air is neces- 
sary to form a buoyant oil froth, for the 
oil in the bituminous sands is actually 
heavier than water. But care must be 
taken that no more air is present than 
is needed to form the froth. Even this 
minimum of air will result in some sand 
being floated. The oil froth contains at 
least three per cent of mineral matter, 



of which about one and a half per cent 
is silt and clay. It also contains 35 to 45 
per cent of water. Both of these con- 
taminants must be eliminated. 

The hot-water process recovers 80 to 
85 pei cent of the oil present in good 
grades of sand. The amount of recovery 
depends on the silt and clay content of 
the bituminous sand. Some of this very 
fine mineral matter is necessary foi a 
satisfactory peifoi’manee of the process. 
But too much of it causes loss of yield 
because of inci eased dispersion of oil in 
the plant water. 

A description of the Provincial Gov- 
ernment plant at Bitumount, which is 
set up to pioduce 350 ban els of oil a 
day, will show how the process is trans- 
lated into full-scale plant operation. At 
Bitumount 60 feet of good grade bitumi- 
nous sand lies exposed m the east hank 
of the Athabaska Rivei under a few feet 
of ovei bui den. The quarry site was 
stripped of eight feet of sandy soil and 
weatheied material by bulldozers, power 
shovels and dump trucks. The bitumi- 
nous sand for the plant feed is dug di- 
rectly from the quarry by power shovel 
and is carried by truck to a bin at the 
head of the separation plant. 

A SIMPLIFIED picture of the stages 
m sepai ation of the oil fiom the 
sand is shown in the diagram on pages 
52 and 53. After being dumped into the 
bin, the sand is discharged through hop- 
pers at the bottom into screw conveyors 
that carry it from the hopper into the 
plant. These conveyors are steam- 
jacketed. Hot water is admitted into 
them in controlled amounts. Thus in 
addition to conveying the sand, they mix 
it with water and heat the pulp. The 
pulp is passed through a rotary screen 
to catch stones and then into a pugmill 
where the mixing and heating of the 
pulp is completed. The pulp then drops 
from the pugmill into a cii culating 
stream of hot water that washes it into a 
“separation cell.” 

Up to this point the oil has been dis- 
persed in small masses among the sand 
grains in the pulp. The stream of hot 
water that it encounters has previously 
been stirred up to considerable turbu- 
lence. On meeting the stream of water, 
the pulp is completely dispersed by its 
turbulent flow. The agitated water also 
provides the air bubbles that float the 
oil. It rises to the top of the cell in a 
froth. The sand sinks. 

The circulation of the hot water is a 
key feature of the plant. The stream of 
water that enters the separation cell 
overflows from it. The outflowing stream 
carries silt and clay and some oil in the 
form of very small flecks heavily charged 
with silt and clay. The stream is then 
pumped to a cylindrical container where 
the solid material settles at the bottom 
and is discharged to waste with the help 
of a mechanical rake. The water, cleared 


ol this sediment, overflows at the top of 
the container and is returned to the sepa- 
ration cell. On its way it passes through 
a heater which biings its temperature 
back to about 185 degrees F. It enters 
the beginning of the cycle again through 
a small box in which the turbulence of 
flow is cieated. Aeration can be con- 
trolled by i educing the circulating water 
stream and thereby the turbulence. 
Automatic equipment legulates water 
levels, pump actions, heating and intro- 
duction of water. 

The separation cell is a simple vessel. 
The sand that sinks in it is pushed out 
at the bottom by a horizontal screw con- 
veyer. The oil both that collects on the 
water surface is skimmed off by a simple 
paddle device. It then goes to a tank 
wheie the froth collapses to a flat layer 
of oil and the sand particles still left in 
it sink. The oil, now freed of abrasive 
sand giains, overflows and is earned off 
lor its final treatment. 

The separated oil, as already noted, 
contains from 35 to 45 per cent of water 
and about one and a half per cent of silt 
and clay. The water, particularly, must 
be lemoved or at least reduced to a low, 
constant amount before the oil can be 
sent to the refineiy. This result is accom- 
plished by a method introduced by 
Abasand Oils Limited. It consists m mix- 
ing the wet oil with a refineiy distillate 
of about the volatility of kerosene. The 
addition of this diluent amounts to al 
least 70 per cent of the volume of actual 
oil present m the wet oil. The resulting 
oil mixture has much greater fluidity 
than the crude oil, and its density is less 
than that of water. Consequently water 
will sink in it. The water of the wet oil 
is present in all degrees of dispersion, 
from slugs to the tiniest of droplets. The 
hot mixture of wet oil and diluent goes 
into a tank where much of the water 
settles, either as clear water or as a gela- 
tinous emulsion containing some clayey 
matter and oil. The water is discharged 
from the tank, and rakes at the bottom 
move the emulsion with it. 

The oil which overflows from the top 
of this tank still contains some water. It 
is dried by driving the water out by heat. 
The dried oil then goes to a small refinery 
in the plant. There the diluent is lecov- 
ered and the crude oil extracted from the 
sands is fiactionated into a little gaso- 
line, diluent for use m the plant, Diesel 
oil and the lesiduum. Since the purpose 
of the project is simply to establish a cost 
for the produced oil, all that is required 
' of this refinery is to reclaim diluent and 
to produce fuel for the power plant; the 
rest of the crude oil constitutes the prod- 
uct. If the Bitumount plant operations 
are successful, it is likely that the refin- 
ery will be made more complete. What 
seems called for is a coking unit which 
would break down the asphalt residuum 
of the crude oil into coke and cracked 
distillate. The coke would serve as fuel 



in tlie powei plant and the distillate 
would be fractional ed into the rcfineiy 
pioducts oi gasoline, Diesel oils and 
fuel oil. Destiuctive-distillation tests on 
the ciude oil show that it breaks down 
into about 20 per cent coke, 5 pei cent 
gas and 75 per cent distillate. This pro- 
portion ol coke and gas is about light 
for the fuel supply of a complete ex- 
traction plant and lefinery, The distillate 
has an A.P.I. gravity of approximately 
25. It is quite fluid. 

T HE opening stage of laige-scale de- 
velopment of the bituminous sands 
will be the construction of sepaiation 
plants m a few favorable aieas. Three 
such aieas are known now, each approxi- 
mately a square mile m extent. They 
contain fiom 100 to 200 million barrels 
of oil each. It is almost certain that ex- 
ploratory drilling will reveal a number 
of other good sites. One may visualize 
the area, in iutuie years, dotted with 
huge open-cut pits with separation 
plants nearby -"instead of the familiar 
oil-field scene of derricks. These installa- 
tions would excavate the sand, extract 
the oil in a plant and ciaek the oil to 
coke and crude distillate, binning the 
coke for fuel and piping the distillate 
out of the field as crude Jor the market. 

To get at the billions of barrels of oil 
in sands that lie too deep for excavation 
is another technical problem, the answer 
to which at picsent is far from obvious. 
Much of the sand is buried under an 
overburden of 100 feet or more, and the 
good grades ol sand often lie near the 
bottom of the formation. Some attention* 
has been given to the problem. Several 
experimenters have tried to diive the oil 
out of the beds with heaters of various 
sorts in boreholes. If for no other reason, 
these attempts failed because of the very 
low heat conductivity of bituminous 
sand. The Research Council of Alberta 
gave some study to the possibility of 
flooding the beds with water. However, 
a determination of the viscosities, per- 
meabilities and temperatures involved 
showed that this method could not be 
used unless a way could be devised of 
heating the bituminous sand beds from 
36 degrees F. to about 150 degrees. No 
way to do this is apparent. The problem 
remains difficult, but it will be solved. 

Meanwhile, operations at the Bitu- 
mount plant should settle the question 
of the practicability of oil production 
from the accessible sands. When the 
technical questions are lesolved it will 
be up to the policy makers inside and 
outside of industry to decide whether the 
challenge of the bituminous sands is to 
be allowed to stand or whether some- 
thing is really to be done about it. 


Karl A. Clark is Research 
Engineer of the Research 
Council of Alberta. 



BITUMINOUS SANDS here seam the face of tall cliffs along the Athabaska 
River. Exposed deposits cover an area of 1,000 square miles in the region. 



MINING OF THE OIL requires no wells or drilling. Oil-hearing sands are 
simply scooped up by steam shovels and carted to the extraction plant. 



EXTRACTION PLANT was first built by Research Council of Alberta on 
Clearwater River. New plant on Athabaska begins operations next month. 
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MOLECULAR STRUCTURE of muscovite mica is an illustration in The 
Structure of Matter . Pyramidal structures are an oxide of silicon (Si0 4 ). 
Smallest circles represent atoms of aluminum (Al) , Larger circles repre- 
sent the hydroxyl radical (OH) . Largest circles represent potassium (K) . 


by E. U. Condon 

The Structure of Matter, by Fiancis 
Owen Rice and Edward Teller. John 
Wiley and Sons ($5.00) 

I F one weie to say “atom” m a woul- 
association test, the vast rmijouty oi 
persons would doubtless answer 
“bomb.” Obviously the importance ot a 
knowledge ot atomic theory is far greatei 
than this association of woids would 
imply. This book does not even mention 
the bomb. 

The fact is that since all mat Lei is 
made ol atoms, and all of science is con- 
cerned with the behavior ot matter ancl 
its interaction with electromagnetic la- 
diations, theie can be no knowledge ol 
science which does not involve a com- 
prehension of modem atomic theory. 

The Stnictura of Matter is an ad- 
mirable attempt to give the serious stu- 
dent oi physical science an inlioductum 
to modern atomic theory. The mathemat- 
ics in it is confined to simple algebiaie 
formulas. Therefoie it is completely non- 
mathematical fiom the standpoint of the 
mathematical physicist. On the otliei 
hand, the book is clearly not “popular.” 
A popular book must contain not one 
line of algebia in spite of the fact that 
millions of Americans, including book 
publisheis, have studied algebia. 

The authors have taken as their task 
the piesentation of the concepts of 
atomic theoiy and tlieii application to a 
wide range of physical and chemical 
phenomena. In ordei to get on with the 
job, they do not give complete deduc- 
tive tieatments. They have omitted any 
account of the historical giowth of the 
undeilying ideas. They have also dis- 
pensed with any discussion of philosoph- 
ical consequences or basic concepts oi 
measurement associated with the cele- 
biatecl uncertainty principle ot quantum 
mechanics. 

Instead they plunge at once into a 
descriptive account of the concepts of 
quantum mechanics and of the nuclear 
model of the atom. In the very first 
sentence of the book they set out with 
a high degree of confidence in the power 
and correctness of piesent-day theoiy. 
They say: “At present, atomic physical 
theoiy in principle enables us to calcu- 
late all of the chemical and most of the 
physical properties of matter and thus 
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makes the science ol experimental chem- 
istry superfluous.” 

That is eeilamly promising a good 
deal, and would piovide a show well 
woith the puce of admission. However, 
the next sentence goes on to say that 
the necessary calculations aie so labon- 
ous that it is much easier m most cases 
to do the expo linenlal work lather than 
attempt to make the theoretical calcula- 
tions. Thus it turns out that the experi- 
mentalists are not yet unemployed. 

Of comse, it is an act ol laith to 
suppose that the calculations which have 
not been made would, il they ically 
were made, agree with experiment m 
every detail Since they have not been 
made, nobody can l>e sure that they 
would agree with experiment in all the 
untried cases. Nevertheless it is l rue 
that the powei of the quantum-mechani- 
cal method applied to the electron-nu- 
clear model ol the atom lias been so 
astonishingly fruitful in con elating ob- 
servational information about nuclei, 
atoms, molecule's and solids that one 
cannot help leelmg a high degree of con- 
fidence in the unqualified introductory 
sentence of tins book. Many people need 
just some such assurance before they will 
make the effoit to mastei what follows. 
For others the study is made more pi- 
quant by the possibility of discovenng 
some new phenomenon that did not fit 
the theory and that would require some 
fundamental revision of it. 

Teller and Rice deal with an astonish- 
ing uingc of subject mattei in a way 
that should he genuinely holplul to a 
peison seeking a descriptive inti educ- 
tion to the wide range of successes of the 
theoiy. By departing completely irom 
the historical ordei ol development the 
authors aie free to use whatever pres- 
entation is best suited to clarity. 

The book lias one veiy serious defect, 
however, which seems to be connected 
with tins avoidance of historical allu- 
sion. The defect is that almost no refer- 
ences are given either to original re- 
search papers or to other expository 
material. Thus the student is left almost 
completely without guidance as to where 
to find more detail on any one of the 
topics discussed. 

To review The Structure of Matter 
it is necessary to explain briefly what the 
book has left out— an account of the 
main periods that produced the develop- 
ments with which it deals. We often hear 
of the flowering of science that occurred 


m the 18th centuiy Today we are deal- 
ing with a rate of change much fastei 
than anything that occuned m that gieat 
centuiy. 

We have come a long way in om 
knowledge oi atomic strucluie m the 
last 50 ycais, and paiticularly so m the 
last 25 ycais. Fifty yeais ago physicists 
weie just beginning to be acquainted 
with the election as a tiny coipuscle of 
negative elcctiicity and as a piobable 
constituent of atoms. The game of 
thinking seriously about atomic stiuctuie 
began. Radioactivity and X-iays had 
just been discoveied, as had the photo- 
eleetiie elTcet and the emission of elec- 
tions lrom hot bodies 

At the turn of the centuiy a disUubing 
element was rudely mtioduccd by Max 
Planck’s quantum theoiy of nuliulion. 
Up to that time the successes ol the 
wave theory ol light in accounting for 
phenomena of inter l ei ence and diflrac- 
lion bad been so gieal that it was re- 
garded as fully established. Planck’s 
disco very showed that one had to regard 
the emission or absorption of light not 
as being a continuous process, as had 
been thought, but as involving in a single 
process a single quantum of energy, the 
amount being proportional to the fre- 
quency v and conventionally written as 
Iw . The h was the new constant discov- 
ered by Planck in this connection 

The implications of Planck’s l evolu- 
tionary idea weie not apparent at once. 
They lay deeply immersed in a compli- 
cated mathematical theory that few 
could critically understand. For some 
time many thought theie was a less 
radical appioach to ladiation theory than 
the one Planck felt foiced to adopt. 

In 3905, however, Albeit Emstem 
showed how the quantum hypothesis of 
Planck led to simple and straightforward 
interpretations of some data of the photo- 
electric effect. Emstem also showed its 
applicability to the study of the heat 
capacity of solids at very low tempera- 
tures. From then on the place of the 
Planck constant, Ji, in the future of 
physics was assured 

By 1912, Ernest Rutherford had per- 
formed his crucial experiments on the 
scattering of high-speed alpha particles 
by the atoms m thin metal foils. He was 
able to show that the distribution-m- 
angle of the scattering of such alpha 
particles required the assumption that 
the heavy part of an atom was concen- 
trated in a small nucleus, not more than 


10- 1 - 5 ( 1/1,000,000,000,000) centi- 

metei m diametei . The outer part of the 
atom, wheie the elections are, occupies 
a space about 10- s (1/100,000,000) 
centimeter m diametei. Thus m 1912 
the nuclear model of the atom was bom. 

Fiom that time forward we have un- 
derstood that an atom has a central, 
positively-chaiged heavy nucleus that is 
sun ounded by a number of elections 
The atoms aie electrically neutial, and 
the atoms of ehenucally-distinct elements 
differ both as to the amount of positive 
charge on the nucleus and as to the 
number of electrons sui rounding it 

Fiom 1912 on the pace quickens at a 
rapidly-accelerating late. The gieat 
problem, of course, is that oi the dynam- 
ics of the piocess by which the elections 
move aiouncl the nucleus. Also of huge 
significance was the relationship that 
l Ins bears to the quantum process by 
which changes m the atom aie connected 
with the emission and absoiption ol 
i addition. The fiist decisive steps to 
solve this problem were taken in 1913 
and 1914 by Niels Bohi. 

Bohr introduced tlie concept that 
atoms, and chemical molecules, exist 
only m definite states having fixed possi- 
ble amounts of energy. He supposed 
that ceitam values of the eneigy cor- 
lespond to possible states of atomic sys- 
tems; that a system simply could not 
exist m a condition wheie it possessed 
intermediate amounts of energy. Emis- 
sion or absoiption of radiation he con- 
nected with the process of abrupt dis- 
continuous tiansition from one 'permis- 
sible'’ state to another. 

Physics was quite fully occupied for 
a decade m working out the many impli- 
cations of Bohi’s ideas. The gate was 
opened to a detailed interpretation of 
the spectra of atoms and molecules. This 
m turn not only gave support to the 
theoretical principles but also gave a 
wealth of new quantitative information 
about the atoms and molecules. X-ray 
emission and absorption spectra were 
discoveied and analyzed and explained 
by the new theory. The behavior of 
atoms and molecules when subjected to 
electron bombardment also became un- 
derstandable and conti ibuted a wealth 
of detail to the unfolding picture. 

And yet from the very beginning Bohr 
was aware of the inadequacy and incom- 
pleteness of his theory. He worked con- 
stantly to focus the attention of theoret- 
ical physicists on these shortcomings. 
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to the end that piogiess might take place 
on a moie solid foundation than that 
which he had been able to piovide. 
Besides the difficulties oi a fundamental 
kind which Bohi stressed, his eaily 
quantized- oi bit model of the nuclear 
atom pioved quite incapable of giving 
an account of the natuie ol valence 
foices holding atoms together m com- 
pounds— the basis of all chemistry. 

This deeper concern with improved 
foundations of the theory hore fruit just a 
quarter-century ago and soon thereafter 
m the theoietical and experimental dis- 
co veiy of the wave nature of the electron 
by Louis de Broglie in France, by Erwin 
Schiodmger m Zurich, by C. J. Davisson 
and L. H Germer m New York. Soon the 
mathematical theory of atomic phenom- 
ena unfolded m a period of dazzling 
bulliance at the hands of Max Bom in 
Gottingen, Werner Heisenbeig in Leip- 
zig, P. A. M. Diiac in Cambridge, and 
many others. 

By 1927 a thoroughgoing revolution m 
the basic concepts had occuired. Foi a 
year or two thereafter hardly an issue ol 
the important physical journals appealed 
that did not contain some paper that 
pointed the way to a whole new kind of 
phenomenon like the barrier-leakage m- 
tcrpietation of radioactive decay, or the 
Fei mi- Dirac statistics for electronic 
properties of metals, or the Heiller-Lon- 
don theoiy of the homopolar valence 
bond, or the inteipretation of alternating 
intensities in band spectra due to spin 
and statistics of nuclei, and so on. In the 
years 1927 to 1930 the rate at which new 
ideas of the utmost importance were be- 
ing discovered in theoretical physics was 
staggering, and many of the best physi- 
cists were staggered by their attempts 
to keep up with the mainstream. 

With the 1930s came another decade 
of great progress. Besides a rather com- 
plete working out of the most compli- 
cated atomic and molecular spectra, 
there came also an important application 
of quantum-mechanical ideas in two 
quite different outlying areas. In one di- 
rection real progress was made in the 
basic interpretation of the forces holding 
atoms and molecules together m solids, 
and therewith a fuller understanding of 
the mechanical, thermal and electrical 
properties of solid substances. In another 
direction the whole science of nuclear 
physics was born, with the discovery of 
the neutron and the development of 
high-voltage equipment permitting the 
ready transmutation of elements by bom- 
bardment with particles of high energy. 

All this splendid intellectual develop- 
ment was slowed almost to a standstill in 
the present decade when the physicists 
were called upon to quit their peaceful 
occupations and devote themselves to 
the development of new tools for the 
war. Since 1945, however, the quest has 
been taken up again. A whole host of 
new basic discoveries is coming from the 
laboratories. Physics is still an exciting 


game full of rich rewinds, but it is one 
m which the range of detailed achieve- 
ments has become so gicat that it is be- 
ginning sen on sly to be fiagmcnted into 
small specialized areas. It is no longei 
possible loi any one physicist or chemist 
to keep abreast of all the research fields 
which are dominated by the concepts 
and ideas of quantum mechanics. 

What a story! A complete account, 
of couise, includes many lalse stalls and 
excursions up blind alleys. But if one 
judiciously leaves out some of the waste 
motion, theie is much to be said for a 
piesentation that follows the historical 
older purely as a way of oiganizmg the 
study apait from the human mteiest at- 
taching to the actual history of the de- 
velopment. 

Rice and Tellei have omitted all this. 
This reviewer i egrets their decision. 
They have nevei thelcss produced a book 
that should prove veiy valuable to many 
beginning pi of essionals who wish to get 
started m this vast field of modem theo- 
ietical physics. 


E, U. Condon is direc- 
tor of the National 
Bureau of Standards. 


H umor and Humanism in Chemis- 
try, by John Read. G. Bell and 
Sons Limited, London. A Direct Entry 
to Organic Chemistry, by John Read. 
Methuen and Company Limited, Lon- 
don. Two extremely able books from the 
prolific pen of a scientist noted equally 
for his original rescaiches and for his de- 
lightful contributions to the cultural his- 
tory of chemistry. Humor and Human- 
ism, a successor to Read's well-known 
Prelude to Chemistry, touches upon a 
variety of entertaining curiosities and 
out-of-the-way matters such as “the fly- 
ing alchemist”; the scientific pursuits of 
James IV of Scotland, who paid people 
for piacticing dentistry upon them (Lord 
High Treasurer's entry, February 9, 
3511: Payment of 14s. to “ane fallow, 
because the King pullit furtht his 
tootht”); early chemical textbooks, 
chemistry in the Australian bush; and 
the effects of laughing gas and other 
“factitious airs” on human subjects. 
There is a chapter on the habits of some 
of the modern greats m chemistry, in 
part based upon Read's personal expe- 
riences during his student years in Zu- 
rich, another chapter on “chymical art- 
ists,” and a large number of uncommonly 
interesting cuts and plates. A Direct 
Entry to Organic Chemistry appears in 
the attractive, inexpensive and highly 
satisfactory Home Study Book Series. 
(Why U. S, publishers offer no adequate 
counterpart of ventures of this kind, es- 
pecially in the sciences, is incomprehen- 
sible.) The analogies, historical allu- 
sions, anecdotes and clear style combine 
to make this popular introduction to a 
difficult subject, whose clumsy symbol- 


ism makes it particularly repellent to the 
plain leader, the best English woik of its 
kind that has yet appealed. 

T he City of Reason, by Samuel II. 

Beer. Harvard UniveisiLy Press 
($4.00). Proiessoi Beei argues that al- 
though there is undoubtedly a relativity 
of truth and oi morals, certain fixed du- 
ties, ideals and piinciples constitute an 
ethic of civilization sufficient to explain 
“the largei notions which he behind oui 
moral feelings/’ to countciact the iius- 
tiations of irrationalism, to make men 
the ultimate mastcis of chance and to 
effect what would univei sally be de- 
scribed as “progress.” The piinciples aie 
those of community, leconcihation, and 
reason, the ideal is “a community in 
which the happiness ol each integrally 
involves the happiness ol all.” Dr. Beer’s 
assertion of a creative universe of which 
the human mind is “a peculiaily cieative 
part” is derived from John Dewey and 
to an even greatci extent from the phi- 
losophy of the late Alfred Ninth White- 
head. An intelligent, gentle, sincere and 
often eloquent book which may offer 
solace to some, but can hardly persuade 
those who aie not at least half-pci suadod 
at the start. 

T he Book of the Ship, by A. C. 

Hardy. The Macmillan Company 
($8.00). An illustrated survey oi the 
world’s non-fighting ships, the shipping 
hade and the shipbuilding industry. 
There are chapters on ship and marine- 
engine construction, the purposes of var- 
ious ship designs; harbors, docks, and 
the lepair of ships, dredgers and hop- 
pers, lighthouses and sea marks. The ta- 
bles, silhouettes, photographs and glos- 
sal y enhance the value of an authorita- 
tive manual written in a clear, nontech- 
nical style. 

R eadings in Philosophical Analy- 
sis. Selected and edited by Herbert 
Feigl and Wilfrid Sellers. Appleton- 
Century-Crofts, Inc. ($5.00) . A volume 
of carefully selected articles giving a rep- 
resentative view of modem philosoph- 
ical schools of thought. While there is 
no dearth of philosophical readeis (i.e., 
books), few anthologies include, as does 
this one, basic essays by outstanding au- 
thorities on the nature of logic and 
mathematics, language, meaning and 
tiuth, induction and probability, theoret- 
ical ethics and scientific method. With 
its useful bibliography, this collection 
should not only enjoy welcome m uni- 
vei sities but can bo recommended to 
anyone interested in the fascinations of 
modern philosophy. 

A lbert Einstein, by Elma Ehrlich 
- Levinger. Julian Messner, Inc. 
($2.75), Albert Einstein: A Biogra- 
phy for Young People, by Catherine 
Owens Peare. Henry Holt and Company 
($2.50). Brief accounts of the great 


physicist’s life with laudable emphasis on 
his humanity and pacifism. Unfoitunate- 
ly, m their eagerness to portray him as a 
genius and as a saintly man with lovable 
ecccntncities, both authois fail to make 
Einstein out as a credible, three-dimen- 
sional mortal. No attempt is made to 
explain his scientific woik either m quan- 
tum theory or relativity, which can be 
and has been done even foi young peo- 
ple, though Mrs Levinger goes a little 
furthei m this respect than Miss Peare, 
also, there is a striking smnlaiity be- 
tween the anecdotes and fables appear- 
ing in both biographies. Mrs Levinger 
is given to confecting imaginary (and 
implausible) conversations. Any child 
who wants to read a biography of Ein- 
stein deseives better. 

T he Second World War, by Majoi 
General J. F. C. Fuller. Duell, Sloan 
and Peaice ($5.00). A bnef history of 
ground and ail operations of the last war 
by one of the ablest and most prejudiced 
ol military analysts. So long as General 
Fuller, Britain’s first tank commander, 
writes about things he understands, he 
is reliable as well as loadable; even his 
bias against stmtegic air power does not 
vitiate his acute criticism of its misuse. 
Unfortunately lie insists on mixing 
straightforward military criticism with 
much nonsense about social and political 
matters: warfare, he laments, has now 
fallen into the hands of the “cadocracy,” 
which is what makes it so unpleasant. 

N ew Compass of the World. Edited 
by Hans Weigert, Vilhjalmui Stef- 
ansson and Richard Edes Harrison The 
Macmillan Company ($5.50). A bal- 
anced and informative symposium on 
various topics of political geography 
( geopolitics) , a subject usually discussed 
in grandiose and inflated teims. The 
editors have gathered contributions on 
the Arctic and Antarctic, the U.S.S.R., 
U. S. and British policy with respect to 
strategic bases, the political and eco- 
nomic pioblems of Asia, population 
trends and world biological resources. 
Several of the essays, including those by 
Stefansson, Weigert, Owen Lattimore, 
and G. C. L. Bertram, are models of dis- 
interested analysis of controversial mat- 
ters, in contrast with what passes for the 
same m the daily press and the whooping 
best sellers. The author of The Road to 
Survival , for instance, would lose his 
power over your maiden aunt once she 
read Bertrams cool appraisal of how 
soon we can all expect to expire from 
starvation. This book is a successor to 
Compass of the World , m which the same 
editors warned of “the dangerous begin- 
nings of an American geopolitics , , . 
against the false values of a new Mani- 
fest Destiny based on geographical half 
truths.” “We feel,” they now write, “the 
same way today, four years after.” They 
are, it may be supposed, not alone in 
their apprehensions. J. R. N. 



A stimulating symposium on 
political geography. "The sig- 
nificant post-war geopolitical 
trends which it stresses pro- 
vide a key to the geographical 
and political future that will 
fascinate anyone interested in 
the strategy of peace.” — Wil- 
liam S. Carlson, N. Y. Herald 
Tribune $5*50 


An analysis of technological 
change and economic develop- 
ment in the electric -lamp in- 
dustry from 1800 to 1947. 
Shows how the process of in- 
novation is influenced by the 
patent system, cartelization, 
tariffs, anti -trust legislation, 
etc. Charts and diagrams. $7.50 


The Electric -Lamp 
Industry 

By Arthur A. Bright, Jr. 


Traces the development of 
radio from the beginnings to 
PM and television. Shows the 
economic, political, scientific, 
and personal factors that have 
brought about radio's techni- 
cal advances. Suggests how in- 
dustry can ensure a constant 
flow of improvements. $6 00 


Invention and 
Innovation in the 
Radio Industry 

By W. Rupert Maclaurin 


A wonderfully clear, under- 
standable explanation of the 
theories underlying electron- 
ics; the construction and op- 
eration of basic electronic 
devices; and the almost limit- 
less use of these devices in 
equipment for industry, sci- 
ence", medicine, and many 
other fields. $3.30 


An Introduction 
to Electronics 

By Ralph G. Hudson 
MoHbxk*.,** MACMULAH 
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RUSSEtlj W. PORTER is tlie name of the crater within the white rectangle 
on this Mount Wilson photograph of th£ moon. Above it lies the larger object 
Clavius. Formerly Porter was known as Glavins B (see drawing at the right ) . 
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Concluded by Albert G. Ingalls 

I AST month this clcpai tmcnt earned 
an account ot the hie of Russell W. 
Porter, the patron samL oi amateur 
astronomers who died on February 22 
At the end of the account iL was men- 
tioned that a cialer on the moon had 
been made a memorial lor Poitei. This 
was the happy outcome ot a suggestion 
first made 10 years ago by Davicl P. B ar- 
ea oft, a well-known planoiaiy observer 
ol Madeia, Calif Encouiaged by Waltei 
II. Haas, widely known loi lus lunar 
observations, and by this department, 
Baierolt wiote to II. P. Wilkins, F.R.A S. } 
Direetoi ol the Lunar Section oi the 
British Astionomical Association, who at 
once xeplied as follows. 

“I fully agree that Porter is entitled to 
a place on the moon and am very glad 
indeed that it lies within my powei to 
furlhei this. One ot the finest ot all the 
lumu formations is Clu vius. On the walls 
of Clavius we find two prominent crateis, 
one on the south wall and the other on 
the north. They used to be known as 
Clavius A and B. The one on tiie south 
is now called Ruthcr lord after the fa- 
mous American lunar photographer but, 
until the present time, the water on the 
north wall is still unnamed It is about 
25 miles in diameter I therefore piopose 
to name the crater Clavius B, Russell W. 
Poi ter. 

“To this end I have already inserted 
it on my copy of the 300-inch map and 
on the tracings from which piints arc 
taken, and this name will appear on all 
future copies of the map. I do not think 
I could have selected a better object. 

“I will also see that appropriate action 
is taken by the various learned societies, 
so far as lies in my power. The chief step 
has been taken, the name is now on the 
map.” No doubt this action will be sanc- 
tified by the Commission de la Lune of 



CLAVIUS is a mountain-walled plain 
pocked with smaller craters. Clavius 
B, or Porter, contains twin peaks. 



the International Aslionomieal Union. 

The conviction that this kind ot memo- 
mil would have been appi eciated by 
Portei is based on some comments he 
penciled on the back ol’ a lettei m 1944. 
His attention had been called to the 
wnteTs attempts to lename Bieezy Hill, 
on which his home “Slellafane” lests, 
“Mount Porter/* His comments weie. 

“Well, I cleaned up 3,000 squaie miles 
of unknown blanks m Fianz Josef Land 
and 3,000 moie m Alaska but my name 
is not on one island, point, bay oi lake. 
Oh yes, there is a lake in Baffin Land 
that my party discovered and put my 
name on, so I suppose [ ought to be 
satisfied Anyway it was a sizable lake, 
six miles long and a lot biggei than 
Breezy Hill (which 1 did not discovei ) 

Where is the crater now named Poi- 
ter? It is indicated by the white lectangle 
on the Mount Wilson photogiaph ol the 
moon which appeals on the opposite 
page. Above it lies the great mountain- 
walled plain Clavius. 

Amateurs will now eageily aim l hen- 
telescopes at the moon, at Clavius, and 
at Poiter, and will study tlicir minute 
features with special interest. No equally 
detailed description ol these exists other 
than that which appeared in the classic 
work The Moon , by Waltei Good-acre, 
today out of print, obtainable even at 
second hand with great difficulty and at 
a cost of about $25 (originally $7.50). 

In his hook Goodaore, who until his 
death m 1938 was the Director ot the 
Lunar Section oi the British Astronomi- 
cal Association, says this about the 
cratei : 

“Clavius —A noble object at all times, 
being a vast walled depression 140 miles 
m diametei. The inner tei raced slopes 
use upward to the crest, which is 12,000 
feet above the floor The aspect which 
this object piesents when seen under a 
low sun is one oi lemaikable giandcur 
and absoibmg interest The crest ol the 
wall is nowhere circular but is composed 
of a numbei of lineai and irregularly 
curved sections presenting strongly 
marked polygonal features. The height 
of the crest generally above the sui- 
rounding country is insignificant and in 
many places it does not exist, the inner 
slopes dropping sheer from the surround- 
ing surface. At several places along the 
inner slopes are evidences of landslips on 
a huge scale. 

"A is about 28 miles m diameter and, 
with B on the north wall are evidently 
much older formations than the regular 
circular ciaters found on the floor. A con- 
tains a fine peak; its floor is very rough. 
From the north wall of A radiate lidges 
which Eiger compares to the ribbed 
flanks of some of the Java volcanoes. 
Some of these reach nearly to B. Profes- 


soi W. H. Pickering has also noticed 
similai ridges on the outer slopes of some 
of the Hawaiian volcanoes 

“B is similai m type to A and probably 
contempoiary m point of age, it contains 
a fine double-peaked mountain and a 
crater under the noith-east slope. Be- 
tween the central mountain and the 
south wall aie three minute cratei s m a 
row east to west, quite good test objects 
“The flooi ot Clavius is veiy smooth 
generally, but spiinkled over with many 
ciateis, ciateilets and crater pits. Among 
these theie is between A and B the fine 
cleai -cut ciater D, with walls using 
3,000 lect above its mtenoi, having a 
small central mountain. Outside its wall 
on the east is a small isolated peak with 
a minute ciater a little to the south 
“In addition to D theie aie four other 
huge ciaters ol the same type running in 
a cmve convex to the noith, decreasing 
in size as they go. The mountains m A 
and B have very smooth, gently rising 
sides very much lesembling large sand 
dunes 

“Between D and the west wall are 
seven oi eight aaterlels arranged m -an 
elliptical curve. 1 find these arc good test 
objects for a 10-mch object glass, they 
axe faintly shown on the Mount Wilson 
photograph/* 

The walled plain Clavius was named 
in 1651 by Joannes Baptista Riccioli for 
Chiistopher Klau, a Geiman Jesuit 
mathematical teach ei, according to 
Who's Who in the Moon , published in 
1938 by the Histoiical Section of the 
British Astronomical Association. After 
examining this 130-page catalogue, R S. 
Richaidson of the Mount Wilson Ob- 
servatory listed in Leaflet 193 of the 
Astronomical Society of the Pacific 
(March, 1945) the following Americans 
whose names have thus far been given to 
features of the moon Bruce, Buinham, 
Mitchell, Hall, Newcomb, Ritchey, 
Ruthcrfoid, Lick, Yerkes. To this short 
bst the name of Poiter may now be 
added. 

T liE reflecting telescope shown in the 
photogiaph at the top of the next 
page was designed and built by Captain 
William C. Biyson, U. S. N., of the U. S. 
Naval Proving Ground, Dahlgren, Va., 
assisted by Donald L. Wmchell and Wal- 
ter N. Larsh* Captain Bryson states that 
its mountmg was patterned after the pio- 
totype sketch of the English yoke mount- 
ing shown in Amateur Telescope Mak- 
ing, page 139, and says “I have found 
this to be a very satisfactory type of 
mounting.” Oddly, however, this mount- 
mg, so easy and inexpensive to build, so 
portable, so attractive, so rock-rigid if 
well built, has not often been made by 
amateurs. It is the same type as the 


W onderful Buy . 

Bausch 8s Lomb 
SPECIAL WIDE-FIELD 
EYEPIECES 



I 2 3 


Kellner type oculais of achromatic con* 
stiuction with excellent coireetion ancl 
light- transmitting poweis Comfortably 
large apeiture and conical eye-lens mount- 
ing add to their convenience in use when 
the observer is wealing spectacles. High 
eyepomt permits the entne field to be 
Mewed simultaneously with or without eye- 
glasses Until you have used these oculais 
you will nevei know how good an eyepiece 
can be Only Bau&th & Lomb could make 
these wonders. Quantities aie strictly lim- 
ited Less than 50 each are available of 
items #1 and # 2 ; little more than 100 of 
item #3. If these eyepieces were reordeied 
today they would have to sell foi three 
Limes om present pnee Oidei late and be 
disappointed. All fit stand aid lVi" tel- 


escope eye-tubes 

# 1 JFide-field Kellner ocular 
TA ,f EJFL. $7.50 

#2 fP'ule- field Kellner ocular 
%" E.FL. $7.50 

#,J Modified Ramsilm design 
oculai H" E.F.L. $8.50 

Modified Rumsden design 
1” EF.L , $8.50 


Front 

Aluminized 
Mirror 

Finest (pmlit'v Plato 
Ki oinid to line 
flatness and alumin- 
ized with a lull'd, al- 
most seniti li-proof coating Nothing flnei for 
use as a diagonal in place of prism. These 
-Flats’" can also he used to leflect ultraviolet 
and infia-jed light with minimum loss (heat 
saving if used in place ot pi isms in Ponu #2 
svstem 

Size 2%" by 3%" thick $2.00 



DOVE 



(INVERTING) 

PRISM 


A) 3" long, face Ufa" squaie 
B S Ci mvn 1,317 

B) ll-lii," long, face ~ w" squaie. 
B S. Crown 1 517 


$1.00 ea 
50c ea. 



POLAROID 


Genuine Folaioid 
mounted ill opti- 
cal glass 3" (72 
mm ) discs per- 
fect foi eiery use 
, in photogiapliy, 
phjsics, petioio- 
, chennstiv, asttonomy, $1.25 each or 2 foi 
00 postpaid Also 1" (25 mm.) diameter 


Include Postage — Remit with Order 

Send 50c for Up-fo-mmute Catalog 

HARRY ROSS 

MICROSCOPES— TELESCOPES 
Scientific and Laboratory Apparatus 
70 West Broadway! New York 7, N. Y. 


6 1 



7 x 50 


BINOCULARS 

MADE TO RIGID MILITARY SPECIFICATIONS 

Brand New 

$ 




With 
COATED 
Lenses & Prisms 

*54 

These magnificent 7x50 prism binoculars were 
obtained through the Supreme Commander of the 
Allied Powers They have the brilliant luminosity, 
precise clarity, and wide, undistorfed field of 
view obtainable only with a good large glass 
Because 7x50 glasses give the highest performance 
obtainable they are now the official choice of the 
Army, Navy and Marine Corps This is your oppor- 
tunity to purchase a brand new 7x50 AT </ 2 OF 
THE USUAL COST Lifetime construction. Light- 
weight aluminum body. (Individual eye focusing ) 
Ultra-precise optics, sealed aaainst moisture and 
dust. Unsurpassed by any other binoculars, re- 
gardless of price. Richly finished case and straps 
included. Sold with a guarantee of complete 
satisfaction or money refunded 

Price With 
Regular Optics 

$ 44 * 

*Plus 20% Federal Tax 
IMMEDIATE DELIVERY. WE PAY THE SHIPPING COST. 
Catalog of Telescopes, Microscopes, Binoculars 
Free on Request 


Price With 
Coated Lenses & Prisms 

f* 


$ 54 * 




Dept. 5 SC, 24 W. 45tK St. f New York 19, N. Y. 



WAR SURPLUS 

ACHROMATIC TELESCOPE OBJECTIVES— 

Perfect Magnesium Fluoride Coated and cemented 
Gov’t Surplus lenses made of finest Crown and 
Flint optical glass. They are fully corrected and 
have tremendous resolving power. Guaranteed well 
suited for Astronomical Telescopes, Spotting 
Scopes, etc Original Gov't cost approximately 
5100 00 each 


Diameter Focal Length 

5fim/m M*) 6 00m/m (23%*). 

83m7m (3%*) 876in/m (34%*) .. 

76m/m (3*) 381m/m (15*). . 

81m/m (?¥”) G22m/ra (24%*). 


Each %Mj 

$12.50 ▼ 
$28.00 
$19.00 
$22.50 m 


40 POWER 


TELESCOPE 

Coated Lenses 


40X— FINE for Astronomy 

3 OX — SUPERB for Long Distances 

20X— EXCELLENT Spotting Scope 

10X— WONDERFUL for Close Study 

Precision American Made Variable Power Tele- 
scope (not war surplus) FOUR TELESCOPES < 
tn One 10X, 20X, 30X, and 4DX. Magnesium- 
Huonde Hard Coated Lenses Achromatic Ob- 
jective lens 2%* (53m/m) dla Length closed 
(1%*, open 27%*. Genuine Leather cov- # -* «... 
ering. Weight 28 ozs. . . , . $42.50 

27 POWER SPOTTING SCOPE LENS SET. This 
set of Lenses Mill make a Spatting Scope com- 
parable In optical quality with scopes priced at 
$7500 to $10 0 00 REMEMBER the lenses are 
the heart of the instrument Consists of Big 
5 ffm/m (2fk*) Dia Coated Objective Lens 2 
Prisms, Eyepiece Lenses. Instructions. All optics 
cemented and Perfect or near 
Perfect Set $1 6.75 

LENS CLEANING TISSUE— Here is a Wonder- 
ful Gov’t Surplus Buy of Perfect Paper which 
was made to the highest Gov't Standards and 
specifications, 500 sheets, 
si^e 7%* x 11* . 


$1.00 


“MILLIONS" of Lenses, etc. 
Send stamp lor “Bargain” List. 


A. 


WE PAY THE POSTAGE 
JAEGERS 93-08A 95tti Avc. 

OZONE PARK ie, N. Y. 



Captain Bryson 9 s telescope 


mounting of the 72 -inch reflector at the 
Dominion Asti ophy sical Observatory, 
Victoria, B, C. 

The buiiecl south pier of the Bryson 
telescope is made ol welded steel Piv- 
oted on a ball beaiing is the thick polar 
axis, a length of 43‘2-inch steel pipe. At its 
top this pipe is similarly earned on a ball 
bearing at the apex of a bipod or A-frame 
of welded pipe. 

The lower legs of the bipod slide with- 
in the upper parts and may be adjusted 
to the desired height and held by means 
of hand screws. "Like most Navy men I 
never know what the latitude of my next 
duty station will be,” Captain Bryson 
vStates. At whatever latitude, the bipod 
legs need only be adjusted until the 
polar axis is parallel to the earth’s axis. 

"The tube,” he continues, "is made of 
wood and its cross section is a regular 
polygon of nine sides, a convenient mul- 
tiple of three to accommodate the three- 
legged spidei that holds the diagonal 
prism. For added strength every third 
stave is of oak rather than pine and there 
are six internal reinforcing rings. 

"The tube is clamped removably to a 
saddle attached to one end of the de- 
clination axis. When it becomes neces- 
sary to rotate the tube to obtain moie 
convenient access to the eyepiece as the 
telescope is swung in following the stars, 
I have to swing the tube back across the 
polar axis, unclamp the tube, and bodily 
roll it over. I’m not very happy about this 
feature. I want external concentric tube 
rings so I can rotate the tube without 
wrestling My advice to other amateurs 
would be to get a cylindrical tube at the 
outset. 

“The white ‘corset’ around the tube is 
a canvas chafing gear to protect its cor- 
ners, I store the tube in our dining room 
(not unopposed) and when I added this 
corset my wife irreverently draped fe- 
male garments on it. 

"The declination setting circle and 
vernier is made of brass and pivoted on 
the declination axis and, by means of the 
knurled knob visible between vernier 
and polar axis, it can be cast loose and 
readjusted to read correctly when the 
telescope is on a star of known declina- 
tion, a principle explained in Amateur 
Telescope Making , The declination cir- 
cle is divided in degrees, 10 graduations 
on the vernier spanning 9 on the circle, 
and thus die vernier can be used to set 



McCartney's secondary support 


the telescope m standard one- tenth de- 
gree increments of declination.” 

D ETAILS of a suppoit for the sec- 
ondaiy minor of a Newtonian le- 
fleclmg telescope, as designed by E. B. 
McCartney of Minneapolis, Minn., are 
shown in the first two of his thiee draw- 
ings leproduced above. "This suppoit,” 
he states, "has been used in three tele- 
scopes and is the easiest to make and 
adjust of any I’ve seen. It is shown with 
a homemade flat but can be used with a 
prism. Tilting the flat does not throw it 
far off laterally, as in some designs. It 
should be made ‘tight’ and if this is done 
no locks will be needed.” 

The first drawing is a side and end 
elevation. The second drawing is an ex- 
ploded plan and elevation ol the spider 
hub into which the main rod of the sec- 
ondary suppoit is adjustably fixed by 
means of the thumbscrew shown. 

The third drawing represents an ad- 
justable support for the secondary of a 
compound telescope. The spherical nut 
and, at the opposite end of its stud, the 
spherical washer, explain the three-di- 
mensional adjustment afforded by this 
support. McCartney is the designer and 
builder of the "Hempstead Hydrant” 
mounting shown in Amateur Telescope 
Making— Advanced on page 330. 

I NCLUSION in Amateur Telescope 
Making— Advanced of the chapter 
entitled "Dealing with Spider Diffrac- 
tion” has led to a considerable develop- 
ment of forms of cuivcd supports for 
secondary mirrors because these abolish 
the spikes that seem to project from 
bright stars. Franklin B. Wright of Ber- 
keley, Calif,, m a lecent letter takes a 
similar point of view. "I think,” he says, 
"the idea is much overrated. There are 
occasions when it would be handy to put 
something over the straight ribs to 
spread the diffraction streak fiom a near- 
by bright star. But it is usually possible 
to rotate the telescope tube to move the 
diffraction streak out of the way so that 
it will not obscure an object. 

"The objection to the curved ribs,” he 
continues, ‘‘is that the total light spread 
outside of the central image of a point 
source is bound to be greater than for 
thin, straight ribs because the curved 
ribs must be longer and thicker in order 
to be sufficiently rigid. This difference 







Exploded drawing oj support 


The adjustable support 


would not be important except when the 
moon, huge and bright planets, or the 
sun weie being viewed. In such an eveut 
eveiy bright point on the object would 
appear to be suuounded by diffraction 
either in the ioim ol straight streaks or 
an even spiead all mound the point, de- 
pending on the 1 01 in of the suppoiting 
ribs whether straight 01 curved, the dif- 
fraction always being at light angles to 
the pm l of the rib which causes it and 
extending both ways from the image of 
the blight point. 

“These difh action images, no matter 
what form they have, would be dupli- 
cated all ovei and around a bright ex- 
tended object such, lor example, as the 
moon. Tins is because of the infinite 
number ol bright points on the suriacc ol 
the moon, each one acting as a souicc 
and pioducing one ol the diflraclion pat- 
terns at the image plane. 

“Therefore, no mailer what the dif- 
li action pattern might he lor an indi- 
vidual object, the combined effect of 
these overlapping patterns would be one 
lug blui ol scattered light overlying and 
extending beyond the image oi tire 
moon. Since the total amount of dif- 
fi acted light is gi eater with curved than 
with straight nbs, it follows that the 
scattered light would be brighter and 
would interfere more seriously with the 
clearness of faint markings when curved 
ribs are employed on extended objects 
such as the moon. 

“The only tiling that could afford a 
woi tlnvhile improvement on thin, 
straight ribs under tension would be to 
support the diagonal on an optically fig- 
uied, nearly Eat glass plate or correcting 
lens near the focus, or to take the diag- 
onal entirely outside the cylinder of light 
us m the Herschel telescope or some 
other of similar type.” 

The curved secondary support gets rid 
of the spikes on stars but does not get 
nd of the diffraction. This fact was 
pointed out in Amateur Telescope Mak- 
ing-Advanced on page 620. 


IDHOTOGRAPHS of terrestrial objects 
the sun and moon, says Lyle T 
Johnson of La Plata, Md., may easily b' 
.taken with any camera and any tele 
scope. Johnson’s method is merely t< 
open the camera diaphragm, focus th 
camera at infinity, hold it almost in con 
tact with the telescope eyepiece, anc 


snap the camera shuttei. “I have been 
doing this loi yeais,” he writes, “but 
found sometimes that the photographs 
weie out oJ locus, especially when using 
a shoil-foeus mirror m the telescope. I 
then stumbled on the idea of looking 
through the telescope with a small tele- 
scope such as one side of a binocular, 
previously focused independently on a 
distant object, and adjusting the eye- 
piece of the large telescope.” 

Explaining the principle involved, 
Johnson states. “The large telescope 
must m some way be brought to such a 
locus that the light emerges from its eye- 
piece in parallel lays, that is, at infinity. 
Uni 01 tunately the eye, because ol its 
power ol accommodation and defects if 
any, docs not afford close estimate ol the 
correct infinity focus ol the telescope. 
But when a telescope has been focused, 
on a distant object the light rays enter- 
ing it b om a point source must be paral- 
lel oi very nearly so to give a sharp 
image. Now il this small telescope, pre- 
viously focused, is placed between the 
eye and the eyepiece ol the large tele- 
scope, the indefinite accommodation fac- 
toi of the eye is eliminated ” 

When taking the picture the ins dia- 
phragm of the camera should be opened 
wide so that no part of the Ramsden disk 
of the telescope will be cut off. Theo- 
retically the Ramsden disk should be in 
the center of the camera lens, hut this is 
not important. 

Of course, if the camera has a ground- 
glass focusing scieen the use of the 
auxiliary telescope as described above 
may be dispensed with and focusing 
done directly, since the accommodation 
ol the eye will no longer be a factor. 

I E IN a knife-edge mirror tester the 
knife-edge is on the left and the pin- 
hole or slit is on the right, and the right 
eye is used at the slit, then the sciew that 
moves the knife-edge is likely to be 
found under the chin or even trying to 
occupy the same space as the chin. Allyn 
J. Thompson of New York writes that 
when making a tester, he discovered this 
inconvenient anatomical fact too late, 
He says: “I wish now that I had thought 
to keep the knife-edge stationary (except 
for the transverse motion) and move the 
slit, which would be more comfortable. 

I won’t change now, but perhaps you 
could pass along the idea.” 


WAR SURPLUS BARGAINS 

ASSEMBLE YOUR OWN BINOCULARS 
Save More Than Regular Cost 



GOVT'S 7 x 50 
BINOCULARS 

Complete Optic*?, com- 
plete Metal Paits Now 
and j ondv foi assembly 
We supply full instruc- 
tions 

METAL PARTS— Set in- 
cludes all Metal Paits— 
completely finished for 
assembly of 7 x 70 Bin- 
oculus No machining 
io(|uueil A &tm dy Bin- 
oculai C'miYing Case is 
opt * rial with oath set 
of Metal Pn ts 
Stock it 842-5— $39 40 
Postpaid, plus $4 80 
fin Case — Total $44 20 
OPTICS — Set includes all 
Lenses and Prisms you 
need tor assembling 7 x ,70 Binocular. These aie in excel- 
condition— perfect m nen -perfect — and have new low 
inflection coaling 

Stock #5102-5 — 7 x 50 Optics . , $25 00 Postpaid 

i These ai o slandaid Ainci ic in-made paits , not Jap 
anese, Fionch oi Oct man j 

NOTICE 1 If you buy both Binocular Optics and Binocular 
Metal I aits, add HQo/ti Tcdoial Excise Tax to above prices 

Also Govt. 6 x 30 Binoculars. Write for Catalog “S" 


MOUNTED ANASTIGMAT LENSES 

Use foi PiojeUors, Inlaigeis, Copying Cameias Com- 
plete with Shuttei and Dl.iphi.igm Value about $20 An 
excellent buy WL WILL INC! DOE ITII E ILI USTH \TED 

Booicrr.r on now ro make your own enlarger 

Stock #80O4-S Speed f/7 7, focal length appiox 127 
nuns Suitable loi pietuies, lies itives, positives lip to 
H j" x li i" $7 50 Postpaid 

Stock #8006«S Speed of f/7 7, focal length appiox 
KM) rams Suitable Im pu Lines, etc, un to Ji j" x 
u V 58 50 Postpaid 

Stock #8007-5 Speed of f/G 3, focal length appiox 100 
nuns , 59 50 Postpaid 

SLIDE PROJECTOR S ETS — Consists of all unmounted lenses 
you need to malic the following sire piojeetois 
Stock #4038-S— 121 J " x -21 i" $3 35 Postpaid 

Stock #4039-S — 2JS" x 3Vs" $3.35 Postpaid 

Stock #4029-5— 15 mm $2.85 Postpaid 


MOUNTED PROJECTING LENS SYSTEM 

F I, Ol 14mm (just light foi 37mm PtojeetmsK Speed 
of E 1 r l Outside dia ol mount at one end GOmm 
Length of mount Glmm 

Stock #4033-5 $3 00 Postpaid 

THREADED OUTSIDE MOUNT FOR FOCUSING 
ABOVE SYSTEM 

Stock #715-S . 51 00 Postpaid 

Wo have Literally Millions of WAR SURPLUS LENSES 
AND PRISMS FOR SALE AT BARGAIN PRICES 
Write for Catalog "S"— SENT FREE! 


EDMUND SALVAGE 00. 

P. O. AUDUBON, NEW JERSEY 


EVERYTHING 

FOR THE AMATEUR 

TELESCOPE 

MAKER 

Precision Workmanship 
Quality Supplies 
Money Back Guarantee 

KITS — Our Specialty 

Complete 6" Kit $5.50 up 

Pyrex Kit, 6 ". , $7.50 up 

Other Sizes Proportionately Low 

PYREX MIRRORS 

Made to order. Correctly Figured, Pol- 
ished, Parabolized and Aluminized, 

ALUMINIZING 

WE GUARANTEE 
A Superior Reflecting Surface, 
Optically Correct Finish. 

Will not Peel or Blister. 

LOW PRICES 
• 

MIRRORS TESTED FREE 
PRISMS— EYEPIECES 
ACCESSORIES 

FREE CATALOG 

PRECISION 

OPTICAL SUPPLY CO. 

1001 EAST 163rd ST. 

New York 59, N. Y. 
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I N France . . . in Italy ... all over Europe and Asia . . . there are 
people who need your help. Men, women, eliildi cn who ai e poorly 
clothed and poorly fed. Hunger and disease arc 1 widespread. The 
Marshall Plan is slowly rebuilding foieign economies. But recon- 
struction takes lime. Thousands need your aid right now? 


Y OU can help through CARE (Cooperative for American 
Remittances to Europe, Inc.), a non-profit, government-ap- 
proved agency of 26 major American welfare groups. CARE assem- 
bles food and clothing textile packages, guarantees their delivery 
overseas, all at one flat fee — $10. Send CARE packages to relatives 
and friends. Send them to needy stranger & — CAREV member 
agencies will select someone you will be glad to help. 


C ARE lias a new 22%-pound standard food package, recently 
improved to contain more meats, more fats, more sweets. Other 
Care packages are: British, Greek, Italian, Oriental, kosher food 
assortments; infant or baby food; baby layette; knitting wool; wool 
blankets; household linens; wool suiting, with the sewing acces- 
sories to turn it into warm clothes. Just mail your order — CARE 
does the rest! 



Deliveries to: 


New Food Package: 


Austria 
Belgium 
(’zediaao\ akla 
Finland 
France 

German* (American, 
British, French 
zones. all Berlin) 
Greece 


Great Britain (England, 
Scotland, Wales, 
Northern Ireland } 
Hungarj 
Italy 
J span 
Korea 

Netherlands 

Okinawa 

Boland 


1 lb Beef in Beef Broth 

1 l)j Steak and Kldnen 
Vi lb Corned Beef Loaf 
Vi lb. Titter Loaf 

H II), Bacon 
% lb. From 

2 lbs, Margarine 
1 lb Swiftening 

1 lb Apricot Pmcn es 
1 lb Hone\ 


1 lh. Raisins 

1 ib Chocolate 

2 lbs Sugar 

Va II) Egg Powder 
2 lbs. Milk Powder 
2 lbs. Coffee 

1 lbs. Flour 

2 lbs. Rice 
12 oz Soap 


CARE • 50 Broad St., Ne^ York 4, N. Y. 
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You 



Can 

Keep 

Him 

Smiling! 


IN many countries today there are children without enough to eat, without adequate clothing. 
I Tlieie are thousands of men and women whose di earns of peace and freedom aie mocked by 
want. They can’t wait for the long-range government programs financed by llie Marshall Plan. 
They need help NOW. How their smiles sparkle, when CARE packages from America arrive! 
CARE brings food, brings clothing, brings other basic supplies. But no one can get CARE packages 
unless YOU give them! 

Send (.ARE packages to friends and relatives overseas ... to needy families and institutions 
chosen by CARE’s 26 member welfare agencies. Or send a donation in any amount, for OARE’s 
general-relief fund. Non-profit, government-approved CARE ( Cooperative for American Remittances 
to Europe) sends the most for your money. Delivery is guaranteed in each CARE country in Europe 
as well as Japan, Okinawa and Korea. CARE standard food and cl o thin g-t extile packages cost $10 
each. For other packages, other prices, and a list of countries, write for CARE’s information folder. 



Send Your Order 
Or Contribution to 

DELIVERY GUARANTEED 


50 BROAD STREET, NEW YORK 4, N» Y, 





Supersensilive electron tube, developed by RCA, makes possible 
more accurate measurement of minute vibrations. 


(Pas? a /?otsse//y swaAe a So&rc/ Source P 


Surprising though it seems, a fly— 
when it lands on a board— causes 
distinct vibrations. They can be 
detected by a remarkable new 
RCA electron tube. 

Slimmer than a cigarette, and only 
half as long, RCA’s tube picks up vi- 
brations with a pin-sized shaft —and 
these vibrations may then be con- 
verted to visible or audible signals. 
More important, the new tube can 
be used to make measurements of 
the degree of vibration. 


Scientists predict many practical 
uses for this electronic transducer. 
Airplane designers can hitch it to 
engines or whirling propellers and 
locate vibrations which might lead 
to trouble. Oil men can use it to 
measure the sound waves with 
which they scout for oil. 

And your smooth-running automo- 
bile of the future may be an even 
better car when the facts gathered by 
RCA’s new tube are put to work. 


Another RCA "first": 

This, the first electronic trans- 
ducer, is only one research achieve- 
ment pioneered at RCA Labora- 
tories. Such leadership in science 
and engineering adds value 
beyond price to any product or 
service of RCA and RCA Victor. 

Examples of the newest developments in 
radio , television and electronics can he 
seen at RCA Exhibition Hall , <36 West 
49th St.* N. Y, Admission is free. Radio Cor- 
poration of America , Radio City , N. Y. 20. 
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BLACK LIGHT 

Ideal for the study of minerals Observe the 
colors of fluorescent materials under the 250 
Watt Purple X Lamp (Black Light). Why do 
white onions fluoresce a pink and the roots a 
snow white -5 Potatoes fluoresce a milky blue and 
the peelings are wholly negative. These results 
and many more are obtained under the same 
lamp Minerals from different parts of the 
country give off different 
colors. Get a Black Light ONLY S2 Oil 


and 3 brilliantly fluores- 
cent minerals for 


express collect 


POLAROID 


Experiment with polarized light 43et two pieces 
of 2" x 2" genuine Polaroid film that can be 
used 
ph\. . 
physics, 


z x z genuine poiaroia Turn toot can ce 
ed in photogra- pni^r ~ _ 

by, petrology, PRICE £1 fill POST- 
lysics, chemistry, etc CpA-lrU PAID 


ALNIGO 

Amuse your friends with magnetic tricks and 
stunts. Study lines of force with these powerful 
Alnico Magnets Instructions included 
4 oz. horse shoe 8 oz horse shoe 

magnet lifts 5 lbs for magnet lifts 10 lbs for 

$1.00 Ppd. $1.50 Ppd 

Bar maggots 50c per set. Small bar magnets at 
20c and 10c per sot. 


COMPASS 

Famous make pocket compass made of durable metal, 
accurate, easy to read T diameter with unbreakable 
crystal 75£ postpaid. Excellent for Campers, Tele- 
vision Installers, Magnetic Experimenters, 

GYR0-T0P 

Demonstrates the principle of the gyro-compass/ A 
source of entertainment and scientific facts for all 
ages. Complete with accessories 25 postpaid. 

TELESCOPES 

5X telescope $2.00 8X telescope $7.50 
O 

POCKET MICROSCOPE 

See for yourself with this fascinating pencil size 
microscope. Clip it on to your pocket and you'll be 
proud to own this amazingly powerful pencil size 
microscope. Ideal for people in all walks of life. 
Whether you’re an engineer or just a hobbyist you'll 
marvel at the way objects appear under this wonder- 
ful microscope. Holds unlimited fascination for both 
young and old Replaces costly instruments. Magnifies 
20X Instant focus Excellent wide field. Aluminum 
body beautifully satin finished. Hundreds of uses. 
Makes handy inspection instrument. See _* 

for yourself. Order today „ $Z.5U 

Used by* engineers, engravers, scientists, students, 
hobbyists, bankers* inspectors, mineralogists. 

POCKET MAGNIFIER 

‘ Diameter 1%", 3 ‘A power. Pivoted Leather slip cover 
ease. Home, shop and business use. Stamps, reading, 
gardening. Price 7Sf 
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HARRY ROSS 

f 5c/ettfifrc en<f tlahomtGry Apparatus 
70 Wisf Sir^dWoy, New York 7, N. Y, 




Sirs : 

With regard to Peter van Dresser’s re- 
view of Dr. Robert H. Goddard’s Rocket 
Development , which appeared in yom 
April issue, I would like to point out the 
following: 

Dr. Goddard was a doer. His interest 
was m making rockets work, rather than 
m speculating philosophically about 
them. And though he contributed the 
basic ideas on which others have specu- 
lated, his greater accomplishment was in 
laying the entire groundwork for orn cur- 
rent understanding of rockets and their 
performance. It is cuiious that Mr, van 
Dresser seems disappointed that Dr, 
Goddard did not also find time to write 
books. 

Dr. Goddard’s fust paper, A Method 
of Reaching Extreme Altitudes , ‘ pub- 
lished by the Smithsonian Institution in 
1919, was the stimulus for the astonish- 
ing interest in lockets and interplanetary 
flight that appeared during the ’20s in 
Europe, particularly m France, Ger- 
many, Italy and Russia. Heimann 
Oberth, of whom Mr. van Dresser speaks 
with admiration, published his book 
We ge zur Raumschiffahrt after a cone- 
spondence with Dr. Goddard in 1922. 
We ge zur Raumschiffahrt was published 
in 1923. 

Mr. van Dresser suggests that some- 
how Dr. Goddard, though undoubtedly 
the “father” of modern rocketry, really 
had very little effect on current world- 
wide rocket developments. This is of 
course contrary to any simple observa- 
tion of the facts. Dr. Goddard’s influence 
was not transmitted through books, but 
through his patents, his confidential re- 
ports to the U.S. Navy and Army over 
a period covering two world wars, his 
reports to The Daniel and Florence 
Guggenheim Foundation, which sup- 
ported his work, and the information 
he made available to licensees of his 
patents. More than ISO patents and 
patent applications m the field of rockets 
and jet propulsion bear Dr, Goddard’s 
name, and are influencing rocket and jet 
developments continually. 

There is, moreover, a group of men 
who were initiated to rocketry and 
trained under Dr. Goddard, who have 
had, and are having, a prpfound influ- 
ence on the development of the rocket 
art. One of these outstanding men was 
t)r. ;C. ;N. Hidqnan, of the Bell Tele- 
YAqywOrked with 


Dr. Goddard during Woild War I, and 
who launched the whole American mili- 
tary program of dry duel rocket develop- 
ment which rose to such tremendous 
impoitance during Woild War II. 

Another gioup of Goddard- trained 
men are currently at work in the Cald- 
well plant of Curtiss- Wright, developing 
locket engines which carry out Dr. God- 
dard’s piinciplcs, and are licensed under 
his patents. One of these new develop- 
ments, a lineal descendant of the God- 
daicl rocket motors, is the engine foi the 
XS-2 s’upei sonic experimental airplane, 
the approaching completion of which 
was announced recently by that com- 
pany. 

It is true that Dr. Goddard was a reti- 
cent man. He might have made faster 
pi ogress othei wise— and again he might 
not. Foi m the period when Dr. Goddard 
did his greatest work his reticence, how- 
ever annoying to some of us younger 
bloods who were trying to learn some- 
thing about rockets, probably helped 
him concentrate hilly on the problems at 
hand, and conserved the energies which 
lie so single-mindedly poured into his 
work. 

At any late, the fact remains that he 
was able by 1940 to develop rockets 
which contained virtually all of the de- 
vices and inventions later used by the 
Germans m their V-2s. Befoie 1940 
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Goddard had shot pump-diiven, jet- 
steered, gyro-controlled rockets with 
fair experimental success— rockets which 
weie smallei but otherwise suipnsmgly 
like the later lockets with which the 
Germans weie to staitle the woild. There 
is good evidence— m addition to state- 
ments by some of the German engineers 
now m this countiy— that Dr Goddard’s 
work was closely followed by the Ger- 
mans, and that they put to good purpose 
the information so obtained. 

It is nonsense to say that the material 
in Rocket Development has only his- 
torical or “antiquarian” significance. Dr. 
Goddard pioneered such current rocket 
ideas as transpiration cooling, swiveled 
motors, liquid-fuel jet-assiSted takeoff, 
guidance of rockets by vanes in the jet, 
and the like. Iiis experiment al notes, as 
published m this book, and his rockets 
now on exhibit at the Smithsonian Insti- 
tution in Washington, contain innumer- 
able suggestions for engineers working 
in these areas, and for those working in 
many others. 

G. EDWARD PENDRAY 
New York, N. Y. 


instantaneous 



accurate 


I recordings of voltages, pressures, strains , 

' vibrations and countless other phenomena! 



Ml 


ink on paper recordings by Brush Oscillo- 
graphs make their use almost unlimited! 



Sirs 

I have just read the very fine article 
on aureomycin in the April number of 
Scientific American. May I call your 
attention to a very common error just 
lor your own information? 

I have recently returned from Aus- 
tralia after presenting a paper on the 
epidemiology of Q fever before the Sev- 
enth Pacific Science Congress in Christ- 
church, New Zealand. While in Aus- 
tralia, Dr. Derrick, who first recognized 
this new disease in man, and Dr. Burnet, 
after whom the causative organism was 
named, both assured me that “Q” was 
not for Queensland but rather For 
Query. The statement you made has so 
frequently appeared in American scien- 
tific literatuie that it is no wonder you 
also made it. 


GORDON E. DAVIS 

Rocky Mountain Laboratory 
Hamilton, Mont. 


Sirs; 


The April Scientific American has just 
arrived, and as I expected, there would 
be something about Russell Porter. That 
biographical sketch is a masterpiece. I 
am sure Porter himself would love it, 
and we are all indebted to you for bring- 
ing to us the life story of a man uni- 
versally loved and respected. 


C. O, LAMPLAND 


Lowell Observatory 
Flagstaff. Ariz. V,, r 
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signals can be measured. Whenever desired , record- 
ings may be stopped for notations on chart-paper! 


INVESTIGATE Brush measuring devices before you buy . . . they offer more 
for your money. Why not have a Brush field engineer call? At no obligation, 
of course. Just call or write, today, you will find it worth a few seconds' time! 
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J UNE 1899. “The development of 
uipid tiansit in Greatei New York 
has been gieatly stimulated by the 
passage of the bill authorizing the con- 
struction of a railroad tunnel from 
Brooklyn to the lower end of Manhattan 
Island. The present schemes contem- 
plate a through route from an under- 
ground tei minus in lower New York to 
connect with the extensive suburban 
railroad system of Long Island. It is also 
proposed ultimately to extend the tunnel 
beneath the Hudson River to connect 
with the Pennsylvania Railroad terminus 
in Jersey City.” 

“The Royal Institution of Great 
Britain, in commemoration of its cen- 
tenary, has elected a number of Ameri- 
can honorary members. The list includes 
Dr. Samuel Pierpont Langley, Secretary 
of the Smithsonian Institution and Prof. 
A, A. Michelson, of Chicago.” 

“The fastest speed for a long-distance 
journey was that accomplished by the 
winning carriage in the recent automo- 
bile race from Paris to Bordeaux, when a 
petroleum-driven carriage covered the 
distance of 353 miles m 11 hours 43 
minutes and 20 seconds, an average 
speed of 30 miles an hour. This was a 
truly sensational performance. By sacri- 
ficing everything to power it is quite pos- 
sible to build an automobile that will 
cover a straightaway mile at the rate of 
60 miles an hour; and it has recently 
been reported from Europe that this 
' speed has been attained more than 
once,” 

“The coal production and consump- 
tion of the world during die past 15 years 
are presented in some tables just pre- 
pared by the Treasury Bureau of Statis- 
tics. These show that while the United 
Kingdom is still the largest coal producer 
of the world, the United States is a close 
second, and if the present rate of gain is 
continued, will soon become the leading 
coal-producing country of the world.” 


„ vLast year a large international con- 




m 100 YEARS m 


the alcoholic beverages, but it is chemi- 
cal substances that produce the veast- 
cell and cause fermentation Since 
chemistry is continually becoming more 
perfect and productive m the field of 
synthesis, it is to be expected with cer- 
tainty that in future this isolated chemi- 
cal ferment will also be produced arti- 
ficially." 

“In the war of die Crimea, with 
1,460,500 troops, theie were killed m 
battle 53,870; died of wounds, 66,600; 
died of disease, 492,000. In the Ameri- 
can war of 1861-5, in die Northern army, 
there took the field 2,336,000 troops; 
there were killed in battle 44,240; there 
died of wounds 34,006; there died from 
disease 149,240. In the American-Span- 
ish war there took the field 274,717 
troops; there were killed in battle 293; 
there were wounded 1,577; there died 
from disease 2,619.” 

“Prof. Dewar’s success in liquefying 
hydrogen is bearing fruit. A company 
has been formed with a capital of 
$150,000 to determine whether steel can 
be cast in a vacuum or not. It is hoped, 
if the plan is successful, that the air 
bubbles that now cause flaws and weak- 
nesses will be done away with, and that 
the metal which is produced will be won- 
derfully homogeneous.” 


decay and subsequent revival in .succes- 
sion, the hardest rock, upon which not 
even a blade of grass could grow, be- 
comes covered in the course of years with 
a stiatum of feriile soil, supporting the 
most luxuriant trees.” 

“Professor Schnmachei, Altano, an- 
nounces by a circular of the 11th of May 
the discovery of another new planet. It 
resembles a stai ol the 9th or 10th mag- 
nitude. The motion of the planet was 
retrograde, and it was approaching the 
equator. This is the ninth new body (in- 
cluding planets' satellites) which has 
been added to the solar system within 
the last four yeais.” 

“From what prior condition must we 
imagine the present solar system to have 
been evolved, m oi der that it may con- 
tain the arrangements and dispositions 
we have seen in it? The solar system may 
have come into being out of some nebu- 
lous mass, which has gradually con- 
densed according to the simple law of 
gravity. In order to understand what may 
have taken place, we must follow the 
condensation of this nebulous mass, and 
enquire what, according to known laws, 
would take place; we find that our sys- 
tem is just such an one as must result of 
necessity from laws acting under those 
circumstances.” 


J UNE 1849. “Mi. E. Jordan, of West 
Cummington, Mass., has made an 
impiovement on the Fountain Pen, 
whereby the ink is supplied continually 
in the same quantity from the fountain 
independent of the quantity in the foun- 
tain. If there is any ink in the fountain 
at all, it will be transmitted to the pen 
in a gradual even stieam.” 

“Congress has made an appropriation 
for an expedition to determine the paral- 
lax of the planets, by observations on 
Venus and Mars, made at places situated 
north and south of the equator. The tele- 
scope has been completed and the result 
is in the highest degree satisfactory.” 


“There is a great amount of electricity 
produced by the interior processes of the 
human body, but how much none can 
tell, as only a small portion can appear 
in a free state on the surface. The juices 
of the flesh or muscle are constantly acid 
while the blood circulating through the 
arteries or veins, is alkaline. An acid and 
alkali with a membrane between them, 
are capable of causing a current, the acid 
being positive and the alkali negative, so 
that the blood would from this cause 
have a negative charge and the flesh a 
positive charge.” 


“If a magnet be made very powerful 
by means of a galvanic battery, all sub- 
stances whatever, if made into bars and, - 
suspended over it by a delicate thread, 
will point either to the north and south 
poles or else in a direction equally be- 
tween them, that is, east and west; Gold 
and silver point in this latter direction* 
t v i r , , r , as 4 sq do' many others. This has lately 

* V J , been discovered by Fjaraday in Lqudoh, 

' &&&*$$' %ol ttpve % $ome of ■ who ha§; Jaarned the 'ihfittehee 


“Patent granted to A. Lincoln of 
Springfield, Ills., for improved method of 
lifting vessels over shoals, May 22, 
' 1849” ‘V , , / • 
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Above is a coaxial circuit 
crystal in its glass enclosure , 
At right the crystal is shown , 
S/4 times actual size , 
connecting wire? soldered in 
position . Weights on wires 
reflect energy back into crys- 
tal , jo cut losses. 
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is a rugged electrical connection to 
the surface of the crystal which does 
not interfere with its vibrations. 

Sealed in glass tubes, the crystals 
are precise and reliable performers in 
the telephone system. Each is a crystal 
gate to a voiceway, separating your 
conversation from the hundreds of 
others which may be using a pair of 
coaxial conductors, at the same time. 

This spot of paste, this tiny wire, 
this puff of air are among the tremen- 
dous trifles which concern Bell Tele^ 
phone Laboratories in finding new 
ways to improve your telephone service 

BELL TELEPHONE LABORATORIES 

EXPLORING AND INVENTING, DEVISING AND PERFECTING , FOR 
CONTINUED IMPROVEMENTS AND ECONOMIES IN TELEPHONE SERVICE 

' 1 ' 1 ' * \ ’ '' ‘ , 1 ' * f 11 



How would you solder a wire to a 
crystal? This must be done for most 
of those wafer-thin plates of quartz 
used in electrical circuits. They play 
a big part in the myriad^-channel tele- 
phone system that utilizes coaxial 
cables. 

This is how Bell Laboratories sci- 
entists solved the problem: A spot of 
paste containing silver is deposited on 
the crystal and bonded to it by oven 
heat. The crystal is then vapor-plated 
with a thin layer of silver. Then a fine 
wire is soldered to the spot by a con- 
centrated blast of hot air* The result 
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THE COVER 

The painting on the cover reproduces 
a part oi a painted limestone bas- 
rehei on the tomb of the Pharaoh 
Haimhab, a mlcr of the 3 8th Egyp- 
tian dynasty who lived around 1350 
B.C, The bas-relief shows a group of 
Negro captives guarded by Egyptian 
soldieis (see page 40). The standing 
figures who bear clubs are the guards, 
At the right a scribe keeps tally of the 
prisoners. The hieroglyphs at the up- 
per left are part oi an account of the 
capture of the prisoners. Harmhab 
was a soldier who, although he was 
not in the royal line, attained the 
throne, married a princess and carried 
on numeious military expeditions in 
surrounding countries. Among his 
booty were the captives depicted on 
his tomb, In thivS type of bas-relief, 
the background was not chiseled 
deeper than the figuics. Deep lines 
were cut into the stone to outline the 
figures and give them depth. The 
faded earth pigments now remaining 
on the carving have been restored in 
the painting to their original bright- 
ness. This bas-relief is now in the 
Museo Civico of Bologna, in Italy. 
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Bausch & Lomb ~S6 Refractometer 


WRITE for complete information and a demonstration to 
Bausch & Lomb Optical Co., 781-F St. Paul St., Rochester 2,N.Y. 


NEW throughout, from base, housing, 
and eyepieces to thermometer . . . the 
new Bausch & Lomb “Abbe- 5 6” Refrac- 
tometer brings you many new exclusive 
design features . . . for easier, lower cost 
operation . . . for more accurate readings. 
In addition to the four important per- 
formance advantages shown at the right 
there are advanced-design features in the 
telescope system, operating mechanism, 
prism cement, thermometer stand, and 
finish. And, with all these new advance- 
ments * . . there is no premium price tag . 


NEW! Streamlined 
housing protects scale 
and its moving parts 
from dust, dirt, damage. 


NEW! Illuminated, in- 
ternal glass scales (re- 
fractive index and sugar 
percentage). 


NEW! Extra, easily in- 
terchangeable prism 
set available. No lost 
time for prism recon- 
ditioning. 


NEW! Inclined, fixed- 
position eyepieces 
mounted close together 
for reading comfort. 




What GENERAL ELECTRIC People Are Saying 


E. E. JOHNSON, 

Manager of Engineeiing , Apparatus 
Department 

Alloy Research: The average 
steam turbine in use 25 years ago 
required the burning of 2^ pounds 
of coal per kilowatt-hour at the 
switchboard. Today the average is 
1 Yi pounds of coal, and our best 
turbine- generator requires only % 
pound. 

This has been the result of much 
painstaking work by many people, 
particularly in the held of high- 
tempera ture, high-s treng th alloys. 
I have confidence that the trend 
will continue because, in the case of 
metallurgy alone, fundamental re- 
search in the structure and forma- 
tion of alloys is being pursued in- 
tensively . . . Indications Loday are 
that we shall be able at least Lo 
double the strength and ductility of 
steel alloys and at the same Lime use 
a lower percentage of critical mate- 
rials than has been necessary up to 
the present . . . 

A well-planned program which 
will cover a period of years has been 
started, ouL of which should come 
greatly increased knowledge of al- 
loying so that, for example, whereas 
we now design commercial gas tur- 
bines for an inlet temperature of 
1400 F, it should be possible in the 
next few years lo raise this tempera- 
ture appreciably, with attendant in- 
crease in turbine efficiency. Like- 
wise, steam boilers and steam tur- 
bines which now have a practical 
upper limit of temperature of 1050 
F may in the next few years be 
operating at tempera Lures consid- 
erably higher, and Lhis would mean 
a greaLer saving of fuel to our 
country. 

San Francisco Electric Club 9 
Mai ch 21 9 1949 

★ 

R. W. PORTER, 

Aeronautic & Ordnance Systems Divi- 
sions , Apparatus Department 

Rocketry: Our job in 1949 — and 
I’m afraid for several years after 
that — is to take tlie "magic” out of 
rocketry. However, I’m glad to be 
able to report that real progress is 
being made. 

Theoretical values of specific im- 
pulse have been calculated for most 


of the interesting propellant com- 
binations. Tests show that we can 
expect to obtain at least 90 per cent 
of this performance in practical 
motors. Experience in making and 
handling propellant materials is 
being accumulated rapidly, espe- 
cially in the case of liquid hydro- 
gen, metallic hydrides, fluorine, and 
hydrazine. 

Test facilities have been built 
capable of testing rocket motors 
many times larger than the V-2. Be- 
cause of the terrific temperatures 
involved, the matter of heat trans- 
fer is vitally important, and here, 
too, some progress is being made, 
both in understanding the phenom- 
ena and in designing the motor so it 
will run cool. 

Information about the perform- 
ance of electronics equipment under 
missile flight conditions, and about 
the nature of the upper atmosphere, 
is being gathered by frequent flights 
of the German V-2’s, Aerobees, and 
o liter Lest vehicles. At least half a 
dozen sizeable supersonic wind tun- 
nels will go into operation this year, 
and we will begin Lo use new mathe- 
matical machines capable of han- 
dling the complicated equations of 
missile flight dynamics. 

Yes, we’re really getting started. 
But it will be a long time before a 
rocket engine can be designed from 
a handbook like a mo tor -generator, 
or a supersonic missile with the 
certainty of a radio set. 

Eta Kappa Nu , 

JSew York N. Y. 

January 31, 1949 

★ 

W. C. WHITE, 

Electronic Engineer , Research Laboratory 

Electronics Start: General Elec- 
tric’s entry into the electronics field 
and the many benefits which have 
accrued therefrom are a good ex- 
ample of serendipity.* Dr. Irving 

* The gift of finding valuable or agreeable 
things not sought for. 


Langmuir, shortly after 1910, began 
an investigation to promulgate the 
basic physical laws underlying the 
many relationships that exist be- 
tween the properties of an incandes- 
cent tungsten filament in a high 
vacuum. This involved relation- 
ships among current, voltage, length 
and diameter of filament, its tem- 
perature, and the loss of energy 
through radiation per unit of area. 

Somewhat before that time Pro- 
fessor 0. W. E. Richardson of 
Princeton University had published 
the results of some experimental 
work on the election emission from 
tungsten in a high vacuum. This 
appealed to Dr. Langmuir as being 
one of the properties of a tungsten 
filament and that it probably should 
he included in his information avail- 
able on the subject. His experi- 
mental work to confirm and amplify 
the results of Professor Richardson 
led to the thorough understanding 
of what we now call the space- 
charge effect and the mathematical 
relationships involved. His work 
thus provided a sound engineering 
basis from which high -vacuum, 
ihermionic-cathode electron tubes 
could be designed. That work put 
General Electric into the field of 
electronics . . • 

Colgate University, 
October 12, 1948 


27 Years Ago 

Electrical Age: We call this 
the electrical age, but it isn’t. 
The electrical age has scarcely be- 
gun. When it comes, electricity 
will do for everybody all that it 
can do for anybody. And it will 
do innumerable things of which 
we have never dreamed. For the 
electrical age is yet to come. It 
will be a great age. 

Charles P, Steinmetz 
1922 
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T HE " giant 1 ” electron tube shown 
above is made in the Lancaster, 
Pennsylvania plant of the Radio Cor- 
poration of America. Said to be the 
largest forced-air-cooled radio trans- 
mitter tube yet made, it can send 
radio waves around the world. Capa- 
ble of handling an input of 100,000 
watts, this tube requires exceptional 
engineering and manufacturing skill 
for its production. ^ 

The “midget*' tube is an electronic 
relay to replace mechanical relays in 
International Business Machines. As 
many as 300 of these tubes are used 
in some IBM accounting machines. 
A notable achievement of electronic 
engineering, they cut down the heat 



factor and permit faster machines of 
more compact design, 

The higher the vacuum in electron 
tubes, the better they work, and the 
longer they serve. DPI high vacuum 
pumps have been built into ingenious 
production line machines designed by 
RCA engineers to exhaust electron 
tubes to high vacuum at greater speed. 

New ways of using high vacuum are 
constantly being discovered. In high- 
vacuum stills, materials once thought 
non -distillable are being fractionated 


— made into profitable commercial 
commodities. In high-vacuum cham- 
bers precious vaccines are given longer 
potency because of better dehydration. 
High-vacuum coaters are depositing 
metallic coating on wood, paper, cloth, 
glass, and plastics. 

Heads of businesses in all fields 
should learn what high vacuum may 
do for them— In making a better qual- 
ity product, in cutting costs, in con- 
verting waste materials into valuable 
commodities. We invite inquiry. 


Distillation Products, Inc. 

751 RIDGE ROAD WEST • ROCHESTER 13, N. Y. 

Distillers of Oil- Soluble Vitamins and Other Concentrates for Science and Industry; Manufacturers 
„ ‘ of High -Vacuum Equipment. 



SCIENTIFIC 

AMERICAN 

Established 1845 

CONTENTS FOR JUNE 1949 VOLUME 180, NUMBER 6 

StUMiHL Amliuc an is cojtv ughtt tl 104U in the U S And Betne Coirsenuon counlnes h\ S( itmtifu, \meneAii, Inc 

ARTICLES 

NATIONAL HEALTH INSURANCE by Michael M. Davis 

The bill before Congress has been the cause of much debate, most of it 
based on issues bioaclei than the bill itself. Piesentmg an account of 
what the bill is, what it is not, and what has been offered m place of it. 1 1 

THE BLISTER HYPOTHESIS by C. W. Wolfe 

Much of geology is based on mlormation supplied by mountains. For 
all that, little is known about the ongm of mountains themselves. The 
authoi sets loitli his theory, and applies it to many features of the earth 1 6 

MUSCLE RESEARCH by A. Szent-Gyorgyi 

The remarkable tissue that can lift a thousand times its own weight, 
and m some cases does so sevcial hundred times a second, is a fascinat- 
ing subject ioi investigation It is also useful m the study of all life. 22 

LOW TEMPERATURE PHYSICS by Harry M. Davis 

The ceaseless motion of atoms and molecules would be stilled at abso- 
lute zero* Workers who have i educed matter close to this state ob- 
serve phenomena that enrich oiu undei standing of the physical woild. 30 

ANCIENT SLAVERY by William Linu Wester mann 

Ouv impression ol the institution is based m huge part on the fonn it 
look in the Western Hemisphere, notably m the U.S. In ancient times 
slaveiy and the conditions that brought it forth were quite diffeient. 40 

THE SOCIAL AMOEBAE by John Tyler Bonner 

The cells of Dictyostelium spend much of their lives as individuals 
From time to time they rush together to form a multicellular organism. 

The study of the phenomenon is a fine exercise of the scientific method. 44 

TRAPPED LIGHT 

Adding to mans impressive lecent advances m the fine partition of 
time, A. M. Zaiem of the Stanford Research Institute has developed a 
camera that makes an exposuie so quickly that it stops light m passage. 48 

THE PREVENTION OF MURDER by Fredric Wertham 

Robert Irwin murdered tlnee people “by accident.” Society refused to 
accept the responsibility of averting the crime, then insisted that the 
murderer pay the penalty. A study in a shortcoming of oui legal morality. SO 


DEPARTMENTS 

LETTERS 2 

50 AND 100 YEARS AGO 4 

SCIENCE AND THE CITIZEN 26 

BOOKS 56 

THE AMATEUR ASTRONOMER 60 

BIBLIOGRAPHY 64 


BOARD OF EDITORS: Gerard Piel (Chairman), Dennis Flanagan, Leon Svirsky, K. Chester, Albert G. Ingalls, 

James R. Newman, John E. Pfeiffer 


9 




TITANIUM DISCOVERED 
Back in 1791 an English clergyman, Wil- 
liam Gregor, who liked to stroll and think 
on the beaches of Cornwall, became curi- 
ous about the black sand he saw there. 
This gentleman of the cloth was also an 
amateur chemist and in this sand he dis- 
covered a new element. Almost coinci- 
dentally an Austrian named Heinrich 
Klaproth (also discoverer of uranium and 
zirconium) extracted the same thing from 
rutile and named it "Titanic Earth” for 
the mythical Titans. Hence our name 
Titanium. 

Thereafter titanium was found in vari- 
ous places including the Ilmen Mountains 
of Russia (ilmenite) but although it is the 
ninth element in order of earthly abun- 
dance, it remained a mere laboratory 
curiosity until 1908. 

TITANIUM OXIDE 
At that time Dr. A. J. Rossi, expert in the 
reduction of metals, mixed titanium oxide 
with salad oil to make a white paint. In 
another 10 years a pure oxide was being 
produced which quickly won success as a 
pigment. Paint, false teeth, face powder, 
tires, shoes, glassware, textiles, inks, 
plastics, paper consumed an increasing 
tonnage of titanium oxide but still the 
pure metal was beyond industry's reach. 


TITANIUM METAL & 
NATIONAL RESEARCH 
Titanium is an affectionate metal, over 
lend of oxygen and nitrogen when at high 
temperatures. Even a fraction of a per 
cent of either makes titanium of little 
value as a structural material,* Until re- 
cently there was no means of preparing 
titanium metal in a form sufficiently free 
of these elements to indicate any po- 
tential commercial value. Dr, W. J. Kroll 
of the Bureau of Mines has initiated 
many of the recent developments m ti- 
tanium rqeiallurgy by finding a means of 
preparing powdered titanium metal. 

Only by exclusion of these gases can it 
he kept from embrittling combinations 
and when Remington Arms Company, a 
Du Pont subsidiary, laid its plans to 
produce metallic titanium m cast and 
rolled shapes, they knew that at Na- 
tional Research Corporation they could 
find the knowledge of vacuum technique 
that they needed. 

The melting and casting of titanium 
was a natural for National Research We 
planned the process, designed the equip- 
ment and installed it. Today this Na- 
tional Research Corporation pilot equip- 
ment is handling the highest quality of 
commercial metal — not much compared 
with aluminum — nothing at all com- 


pared with steel but so promising that 
millions will be spent by the industry 
willun a few years to increase the 
quantity and lower the price 

USES OF TITANIUM METAL 
Titanium stands fourth in abundance 
among the structural metals and there 
is plenty in the U. S. A Tremendous 
strength, light weight, and remarkable 
corrosion resistance (comparable only to 
that of the noble metals) is a unique com- 
bination. Coming at a time when long- 
sighted people are viewing our metallic 
resources with alarm, it has an assured 
future. With the price pulled down to a 
few dollars a pound or less, titanium will 
be of primary importance to manu- 
facturers of aircraft, automobiles, electric 
devices, gas turbines, superchargers, ma- 
rine hardware, rockets, optics, jewelry. 

WHAT NEXT? 

So, with the help of National Research’s 
high vacuum know-how, another ma- 
terial has been taken from the test tube 
to the factory. Where else can good men 
and ideas help — where can they help 
you 7 At National Research the best m 
brains, organization, equipment, and an 
unequalled accumulation of unique ex- 
perience are available. 
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NATIONAL 

HEALTH INSURANCE 


The proposal now before Congress has generated 
more heat than light. What is it, and what are 
the alternatives its opponents have proposed? 

by Michael M. Davis 


W HEN this issue ol Scientific 
American comes from the press, 
committees oi the Senate and the 
House will be conducting public heal- 
ings on the national health insurance 
bill. For 11 years the question of what is 
to be done about the rising costs of medi- 
cal care has been before Congress The 
issue is inescapable. With every year the 
American people's concern about the 
matter has increased. So clearly is this 
concern becoming transformed into de- 
mand for action that this year those who 
oppose national health insurance have 
introduced alternative proposals that are 
also being considered in the cui rent 
hearings. 

While the health insurance proposal 
has been hotly discussed, so few people 
are acquainted with the actual provisions 
and meaning of the bill that perhaps the 
most important requnement for intelli- 
gent debate of the issue is greater public 
understanding of the proposal itself. 

The first tiling to be made clear is 
that the measure before Congress, called 
the National Health Insurance and Pub- 
lic Health Bill, is not “socialized medi- 
cine/' Indeed, , after a generation of 
experience with health insurance, phy- 
sicians in the democratic countries of 
Western Euiope, all of which have na- 
tional insurance plans, have come to 
regard it as a bulwark of the independ- 
ence of the medical profession, m con- 
trast to socialized medicine of the Rus- 
sian sort. 

Under the present bill, doctors would 
remain independent practitioners; they 


would not be employees of the govern- 
ment. Hospitals would lelain their au- 
tonomy. Patients would be as free to 
choose theii cloctois as they are now. The 
general operation of the plan would be 
as follows. 

All employed and self-employed per- 
sons m the U.S , with few exceptions, 
would pay legularly into a national 
health insurance fund, lor most people 
the payments would be deducted from 
earnings along with Social Security con- 
tributions. Employed persons would pay 
1.5 per cent of then' earnings (on that 
portion of their earnings up to $4,800 a 
year). Employers would match their 
payments. Self-employed persons, e.g * 
businessmen and professional workers, 
would pay thiee per cent. The Federal 
government, after collecting these funds, 
would allocate them to the states, which 
m turn would distribute them to local 
areas according to plans made by the 
states. Either the states or the local 
agencies would pay the medical and hos- 
pital bills of the insured persons and the 
dependent members of their families. 

All these people would be entitled to 
complete medical care from general 
practitioneis and specialists, hospital 
care up to 60 days a year, laboratory and 
X-ray services, eyeglasses, medical ap- 
pliances, and expensive medicines when 
prescribed by a physician. The plan 
would also provide a very limited 
amount of dental care and home nursing. 

The bill guarantees doctors complete 
freedom of choice. They could join tlie 
system or not, as they wished, could 


accept oi reject any patient, could prac- 
tice wherever they liked. If they entered 
the insurance service, they would decide 
for themselves how they weie lo be paid 
from the insurance fund— whethei by 
fees for sei vices, by a part-time oi full- 
time salary, or by a blanket per capita 
fee for each person selecting the doctor 
as his regular physician. Through their 
representatives the doctors would nego- 
tiate the amounts of their payments with 
the state or local health insurance agen- 
cy. As for hospitals, die bill guarantees 
them adequate payment for their serv- 
ices and freedom from government inter- 
ference m their administration 

The administration of this program 
would be carried out primarily at the 
local level. There would be a five-man 
national board with an advisory council 
of lay and professional people. This 
board would be appointed by the Presi- 
dent as part of the Federal Security 
Agency, but its powers would be limited 
to the collection of funds and their allo- 
cation to the states, the approval of state 
plans, and the maintenance of general 
standards. The actual carrying out of die 
program in each community would de- 
volve on a board of local citizens, in- 
cluding representatives of the medical 
profession and hospitals, and working 
under the states plan. 

How would it work for John Doe, the 
patient? Doe (or his wife or children) 
could visit or call any doctor of his 
choice when he is sick, as he does now. 
When necessary, his doctor would refer 
him to a specialist, arrange for his ad- 
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mission to a hospital 01 order any labora- 
tory or X-iay tests requned. But Doe 
would get no bills, the insurance fund 
would pay the doctor or hospital directly 
for all the services he received. 

What if Doe could not be a contribut- 
ing member of the system, because he 
had no income^ He would leceive these 
services if the local or state welfare de- 
partment made the insurance payments 
for him Thus doctois would be paid tor 
most of their piesent chaiity woik. 

H OW would it work for Dr. Richard 
Roe, a general practitioner m a mid- 
dle western town of, say, 20,000 people? 
After enactment of the law there would 
be a period of about two years before it 
began to operate, dui mg this interval 
Dr. Roe would decide whether lie 
wanted to take part in the plan. His de- 
cision would probably depend greatly 
on what his regulai patients did. Pre- 
sumably most of his patients, and some 
others who previously had not had a 
regular doctor, would choose him as 
their family physician under the plan, 
m which case he, would be likely to join 
up. If some well-to-do patients chose to 
make piivate arrangements with him 
outside of the insurance system, he could 
also accept them. 

Di. Roe and other doctors in his 
community would then decide, probably 
at meetings of their county medical 
society, how they wanted to be paid for 
their insurance patients. The majority 
might vote for a fee-foi -service system 
such as they had been accustomed to in 
the past. Dr, Roe probably would go 
along, though he would not be required 
to; he might choose to take a salaried 
post in a hospital, in industry, or as a 
member of a group-practice unit. Mean-" 
while a state committee of physicians 
would have been discussing over-all pro- 
, eedures and rates of payment with the 
state health insuiance agency. They 
would draw up a schedule of fees, ad- 
justed to localities or classes of localities 
and to various services. If Dr. Roe chose 
to accept the fee-for-service plan, he 
would be paid according to this sched- 
ule. Once the terms were arranged and 
the plan went into operation, he would 
go on practicing just as he had before. 
He would usually serve only his regular 
patients, but if he were called to treat 
someone else in an accident or other 
emergency, he would receive the regular 
payment from the insurance agency. He 
would know that his patients could 
change their doctor, just as they can now. 

What about Dr. John Smith, a sur- 
geon in a large city? As a specialist, 
certified as such by the American Board 
of Surgery, he would get most of his 
cases, as he does now, by reference from 
other physicians, usually family doctors. 
But a patient might come to him directly 
when necessary. As to remuneration. Dr. 
Smith might be a young sal aided surgeon 
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on a hospital staff, if lie were an inde- 
pendent practitioner, he would receive 
a fee foi each operation. Even if Dr. 
Smith were not ceitified as a specialist 
by a national specialty board, under tins 
law he would be entitled to receive pay- 
ment at specialist rates provided he were 
recognized as a specialist by an appro- 
priate state professional body. 

Voluntary health insurance plans 
which, like Blue Cioss, provide or or- 
ganize services, could continue under the 
national system. Commercial insuiance 
and other plans paying only cash in- 
demnities could continue by providing 
benefits supplementing those of the na- 
tional plan Insurance plans which have 
their own staffs of doctois— as do medi- 
cal cooperatives and many plans spon- 
sored by industries, unions and faimeis’ 
organizations— would be encouraged. 

Besides health insurance, the bill pro- 
vides important measures for increasing 
medical personnel and facilities and for 
improving their geographical distribu- 
tion. The U.S. has more doctors m pro- 
portion to population than any other 
country in the woild, but they me veiy 
unevenly distributed. For a generation 
or more the cities have been drawing a 
disproportionate number of physicians, 
and most rural districts have been losing 
them. Rural and poor urban areas aie 
also short of dentists, nurses, hospitals, 
and local public health departments, in 
the nation as a whole we need more pro- 
fessional personnel and more hospital 
beds. The bill sets up piograms to help 
remedy these shortages. 

Such is the program proposed in the 
bill. Before considering the pros and cons 
and the cuirent alternative proposals, it 
is desirable to examine the situation that 
has called it forth, 

HEN I was a boy, living on the 
West Side of Manhattan, we had a 
family physician who lived in the next 
block. He looked after my parents and 
their six children all by himself. We 
hardly ever thought of going to a hospi- 
tal, and neither we nor our doctor knew 
anything of X-rays or cardiograms or any 
but a few simple laboratory tests. Today 
a dozen different specialists are called in 
to care for the smaller families of my 
parents' descendants. Medicine is now 
far more efficient: it saves more lives, al- 
leviates more suffering, and has greatly 
prolonged the life span. But its cost is 
correspondingly higher. There are many 
more $50, $500 and $1,000 illnesses than 
formerly. And because sickness costs 
cannot be predicted by the individual, 
even the 20 per cent or American fami- 
lies with incomes over $5,000 may suffer 
a severe shock to their finances in a major 
illness, while families with lower incomes 
may have as their only alternatives char- 
ity, debt or disaster. 

As I sat listening to the radio recently, 
a sinooth, professional voice came over 


the air on a nation- wide net woik "Sup- 
pose you wake up tonight with a pam m 
vour right side, and before morning you 
are on a hospital opeiatmg table having 
vour appendix out. How aie you going to 
pay the $250 which your hospital and 
sui geon’s bills will come to‘ ? ” The speak- 
er was not a critic of oui system of medi- 
cal care but a commercial announcer for 
a laige insurance company. The fact that 
the company was buying expensive i adio 
time to advertise its health policies is 
excellent proof, if pi oof were needed, of 
the importance of this problem to the 
majority of the American people. My 
fellow-listener, a physician who has been 
practicing medicine for 40 years, added 
a iootnote to the announcer's words: 
“Yes, but I wish he would talk about 
health service instead of just suigical 
emergencies, what we need is health in- 
surance plans that encourage people to 
go to a fiunily doctoi at the first sign of 
illness or for checkups when they have 
no illness.” 

The basic facts about medical econom- 
ics m the U.S. were fiimly established m 
a five-year study between 1927 and 1932 
by the Committee on the Costs of Medi- 
cal Gate, which was headed by Dr, Ray 
Lyman Wilbur and supported by eight 
large foundations. The study deter- 
mined what American families at various 
income levels spent for each item of 
medical caic; what services they needed 
and what they got, what government 
agencies spent for medical services; 
what hospital facilities were available; 
what doctors' incomes were; and how 
all these matters were related to the size 
and location of communities. From its 
27 fact-finding volumes the Committee 
derived the conclusion that future medi- 
cal service in the U.S. should be built on 
the economic base of pooled usks— 
chiefly through voluntary health insur- 
ance— and on the professional base of 
group practice instead of the traditional 
solo practice. 

The American Medical Association at 
the time described these recommenda- 
tions as ‘‘socialism and communism, in- 
citing to i evolution” The Committee’s 
findings in 1932 interested few except 
doctors and students of the subject. But 
its reports have been germinal in the 
march of events. Within six years health 
insurance enteied the political arena. 
Today the AM A supports voluntary 
health insurance as an alternative which 
it considers preferable to a national sys- 
tem. Meanwhile governmental activities 
in health have grown to a degree not 
generally realized. Expenditures for 
health services by the Federal, state and 
local governments now aggregate $2 
billion a year. The largest items are for 
state mental hospitals and the Federal 
medical service of the Veterans Adminis- 
tration. The Federal government has 
been making grants to the states since 
1946 for hospital construction, and mem- 





THE PRESENT COST of medical caie in the U. S. is 
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hers of both parties m Congress aie now 
sponsoring special bills for extending 
public health services, foi maternal and 
child health, for aid to research, for as- 
sistance to medical and allied profes- 
sional schools, and so on. 

AS a result of a National Health Con- 
A ference called in 1938 by Frank- 
lin D. Roosevelt, Senator Robert F. 
Wagner m 1939 introduced the first 
national health insurance bill. Since then 
most successive Congi esses have held 
extensive hearings on a series of such 
bills. These measures have had an inter - 
esting evolution. Their trend has been 
toward greater and gi eater decentraliza- 
tion of administration, with more respon- 
sibility on the states and localities and 
less on the Federal government. The 
successive bills have also broadened 
from a health insurance measure into a 
comprehensive national health program. 
These and other issues are thrown into 
relief by the alternative proposals now 
before Congress One of these is a bill 
sponsored by Senator Robert A Taft and 
two Republican colleagues. Another is 
the voluntary health insurance bill spon- 
sored by Senatoi Listei Hill of Alabama, 
two Democrats from border states and 
two Senators of the liberal Republican 
wing. The third is a bill sponsored by 
Representatives Jacob X. Javits, Chris- 
tian A. Herter and otheis. As a result of 
the presentation of these alternatives, 
Congress for the first time faces political- 
ly realistic choices among policies of na- 
tional action to deal with the costs of 
medical care. 

Senator Taft’s bill would make Fed- 
eral grants to the states, to be admin- 
istered by the states, to pay for medical 
service for persons who cannot them- 
selves afford “all or part” of the costs of 
such care. Senator Hill’s bill is a state-aid 
plan also, but it would require the states 
to use the Federal funds through volun- 
tary health insurance plans. (Under the 
Taft bill this would be permissible but 
not obligatory.) Persons eligible because 
of their limited means could be enrolled 
as members of such plans free or at re- 
duced rates, and the costs of their care, 
when needed, would be paid for them. 
But this bill would cover only hospital- 
ized illness and diagnostic work m a 
hospital or clinic. 

Both of these bills would determine 
the eligibility of people for help through 
some form of means test. Both of them— 
according to theii critics— would set up 
the Federal and state administration in 
such a way as to give control to the pro- 
fessional groups or to the particular 
types of insurance plans that would re- 
ceive most of tire money. 

In contrast, the national health in- 
surance bill provides for bodies on local, 
state and Federal levels in which the 
professions and hospitals always have 
representation, but in which the mem- 


bers representing the consumers of medi- 
cal service always have a majority when 
dealing with financial and administrative 
matters. On the othei hand, matters 
which aie wholly professional must be 
dealt with only by professional persons. 
The most successful of oui American 
medical enterprises, the voluntary hos- 
pital, has tested for a generation and 
more the principle of lay conti ol com- 
bined with professional freedom. The 
typical American hospital is owned and 
managed by a boaicl of tiustees com- 
posed wholly or mostly of laymen They 
appoint the medical staff:, but they do 
not dnect doctors how to diagnose and 
tieat patients They do approve and can 
enforce the pi of essional standards of the 
institution as outlined by the doctors. 
This tested pattern of lay-professional 
relationships is followed by national 
health insurance. 

Representative Javits bill seeks also to 
woilc thiough voluntary insurance plans, 
but would follow the pattern of national 
health insurance by requiring all ap- 
proved plans to chaige their members a 
percentage of earnings. Nearly all the 
existing plans now charge a flat rate irre- 
spective of the subscriber’s income. 

Thus these bills laise beloic Congi ess 
and the country the issue of whether 
voluntary insurance, with 01 without 
government aid, can do the job that the 
eountiy needs and the people clearly 
want to have done. 

Voluntary health insurance has grown 
with extraordinary rapidity in the U.S. 
Twenty years ago perhaps a million per- 
sons weie enrolled in such plans. Now 
the number is at least 50 times greater. 
But how broad are the medical services 
provided oi paid for by these plans? In 
other words, bow much as well as how 
many do they serve? The Committee on 
Research m Medical Economics has is- 
sued this summary as of 1949. 

1. About 3.5 million peisons are cov- 
ered for comprehensive medical care, 
including preventive treatment as well as 
care m ordinary and catastrophic ill- 
nesses, hospitalization and other services. 

2. About 27 million persons are cov- 
ered for both hospitalization costs and 
physicians’ services in hospitals. If this 
insurance represented full coverage for 
these services, it would pay about 35 
per cent of the average family’s total 
medical expenses. In practice, the in- 
surance payments are usually consider- 
ably less than the actual costs to the pa- 
tient, 

3. Approximately another 27 million 
persons are covered by hospitalization 
insurance alone Often this insurance 
does not pay the full hospital bill. When 
it does, it covers about 21 per cent of the 
average family’s medical costs. 

These figures explain why Bernard M. 
Baruch told a large medical gathering in 
New York City a year and a half ago that 
voluntary insurance was “good, but not 


good enough.” A national pi o gram of 
combined Blue Cross and Blue Shield 
coverage, such as the Hill bill envisages, 
would be economically insufficient, pro- 
tecting against too small a proportion of 
total medical costs, and medically inade- 
quate, tending to promote hospitaliza- 
tion, the most expensive foim of care, 
and doing nothing to encouiage the early 
treatment oi prevention of illness. 

Moieovei, the legislatures of 22 states 
have passed laws which prevent or 
greatly hamper the establishment of any 
voluntary plan not controlled by the 
medical societies These laws typically 
provide that no voluntary plan can oper- 
ate in any area unless 51 per cent of the 
physicians m the county approve it, and 
that a majority or all of the members of 
the governing board of any plan must be 
approved by the state medical society. In 
many places, county societies have ap- 
plied pressures, essentially boycotts, 
against doctors who joined or considered 
joining the staff of a plan sponsored by 
a union, a cooperative or other associa- 
tion of “consumeis.” 

What would national health insuiance 
cost? On the most reliable estimate the 
Administration bill would cost $5.5 bil- 
lion a yeai. For the services it embraces 
the American people now spend $4.4 bil- 
lion a yeai. (Counting all other services, 
such as medicines and dental caie, the 
nation’s total medical bill is over $8 bil- 
lion. ) Thus the bill would provide about 
25 per cent more medical service than 
the population is now getting. These 
services aie clearly needed. And the $1.1 
billion additional expenditure would 
mean larger incomes for doctors and the 
reduction or elimination of hospital defi- 
cits. Moreover, by stabilizing the pur- 
chasing power for medical care and dis- 
tributing it more widely, the plan would 
support doctors and hospitals m areas 
that now cannot maintain them. 

It must be borne m mind that the 
average Amencan family is now spend- 
ing three per cent of its income for doc- 
tors’ and hospital care (plus one per cent 
additional for medicine, dentistry and 
incidentals). Thus even if employ eis 
passed on all of the cost of their 1.5 per 
cent contribution to consumers m the 
form of higher prices, the resultant three 
per cent contribution by consumers for 
health insurance would mean for most 
families no greater expenditure than 
they are making now. 

A small but distinguished group of 
physicians, while disagreeing with the 
AMA’s view that national health insur- 
ance would lead to “the ultimate sociali- 
zation of the nation,” objects to the plan 
on the ground that it would not produce 
service of sufficiently high quality. This 
group, headed by such leaders as Dr. 
Edwards A. Park of Baltimore and Dr. 
George Baehr of New York, wants an 
evolutionary development of health in- 
surance combined with group medical 
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pi notice But it is not easy to see how this 
ib to be brought about Actually the evo- 
lution of the last 20 years has been m 
the direction of medical impoverishment 
of the lural aieas, and entienchment of 
the forces that pi event the development 
of gioup practice m conjunction with in- 
surance. These forces are still at woik 
and tend toward extension of the re- 
stricted and pioprietary types of volun- 
tary insurance, the limitation of group 
practice and the provision of specialized, 
pooily coordinated progiams of tax-sup- 
poited medical services. These develop- 
ments do not appear likely to improve 
the organization and distribution of 
medical caie. 

The objection is laised that the re- 
moval of the economic barrier between 
doctor and patient through national 
health insurance would bring an enor- 
mous increase m demands upon doctors 
and consequent deterioration of then* 
service. The experience of voluntary 
plans m this country has been to the con- 
trary. Malingerers are vexatious but few. 
Most people do not want to be doctored 
01 hospitalized unless they have to be. 
The current British expenence with the 
new National Health Seivice also is en- 
lightening Since the service began last 
July, there has been a huge demand for 
dental care, eyeglasses and some other 
benefits for which theie was a vast back- 
log of unmet need But the demand for 
the sei vices of geneial physicians has 
inci eased only four per cent. 

The national health insurance bill 
does not piomise to deliver “complete 
and adequate medical care” to everyone 
e\ eiy where m the U.S. But it goes to the 
heart of both the immediate and the 
long-range problems . 1) making modem 
medical care financially available on a 
democratic basis; 2) providing profes- 
sional and economic incentives for the 
increase of high-grade personnel and 
facilities and their distribution according 
to need; and 3) placing the people who 
receive and pay for service in sound le- 
lations with the professions and institu- 
tions that serve them. 

We are now in the midst of a wide- 
spread campaign and debate over med- 
ical care on a scale never matched m 
any other country, with powerful forces 
on both sides. Emotional issues of sick- 
ness and health, professional habits and 
popular desires are intermingled with 
technical questions of services, organi- 
zation and finance. The issues mean 
much to democracy and security in 
America. Thoughtful men within the 
medical profession and outside it must 
keep cool minds to weigh them. 


Michael M. Davis is 
chairman of the Com- 
mittee on Research 
in Medical Economics. 



MEDICAL COVERAGE of present and future insurance plans varies wide- 
ly. Group plans are presently the best. Plan proposed by tlie national health 
insurance bill is even better. Blue Cross presently has the greatest number of 
members. Potential membership of national insurance plan is 100 million. 



INCOME LEVEL influences medical care, a fact which national health in- 
surance would do much to eliminate. Figures are from the five-year study 
made by the Committee on the Costs of Medical Care between 1927 and 1932. 
Relative medical care at various income levels has changed little since then. 
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THE BLISTER HYPOTHESIS 

Huge pockets of hot rock below the earth’s surface 
may account for many of its features. A geologist 
reviews his theory, notably in regard to mountains 


by C. W. Wolfe 


A CONSIDERABLE part of geol- 
ogy is based on information sup- 
plied by rocks in mountainous 
legions. These masses of lock are thrust 
up from ordinarily inaccessible depths 
to places wheie they may be observed. 
Erosion and other processes have then 
laid bate rocks foimed in the geologic 
past, which tell us much about the 
history of the earth. For all the work 
that is based on mountains, however, 
there is little that explains the origin of 
mountains themselves. This article pre- 
sents a new theory of mountain-building 
developed by the authoi . 

The basis of the author’s theoiy is 
that the initial forces of mountain- 
building are supplied by heat that is 
trapped in pockets within the earth’s 
crust and the region immediately below 
it. These pockets become huge “blisters” 
of expanding rock which push upward 
and raise the overlying material. The 
blister hypothesis, in the authoTs opin- 
ion, accounts for many things we know 
about mountains of the geologic past 
and present. It will not tell us everything 
about mountains, but it will bring fresh 
insight to the problem. 

One could avoid difficulties and as- 
sume that the hills are “eternal,” that 
they were created by some sudden catas- 
trophe and have changed but little since. 
This simple and, to some people, satisfy- 
ing picture is completely unsatisfactory 
so far as the geologist is concerned. 
Every day the Mississippi River dumps 
a visible load of material into the Gulf 
of Mexico; the amount of soil and sand 
it collects on its way to the sea is enough 
to lower the entire surface of North 
America about one inch every thousand 
years. Much of this material is obtained 
from the highland regions of the Ap- 
palachians and the Rockies, which are 
presumably being worn down at a much 
more rapid rate. 

These facts cannot be reconciled with 
the notion that existing mountains were 
created at the beginning of geologic 
time. The evidence indicates that the 
earth is at least two billion years old, 
and it would be necessary to assume 
that the original masses were impossibly 
high to explain their present dimensions 
on the basis of erosion and other effects 


operating throughout the earth’s history 
The only alternative is that mountains 
have grown and decayed and grown 
again since the earth was young. 

The evidence is compelling that 
mountain-building proceeds in cycles. 
The pattern begins with a period of 
quiescence in a limited region of the 
earth. This phase marks the bnth of a 
geosyncline, a huge trough which gradu- 
ally sinks under the weight of sediments 
that aie poured into it The sinking pie- 
pares the way for the occasional in- 
trusion into the sediments of liquid lock 
from below the earth’s oust. Dining this 
phase the seas rise and much of the land 
is flooded. At mteivals theie are minor 
reversals of movement: the waters ic- 
cede as the sediments ol the geosyncline 
are locally compressed and folded. 

The second stage of the mountain- 
building cycle is “i evolution,” a com- 
plete reversal of the conditions of 
quiescence. The sediments are folded ex- 
tensively, the waters retreat on a larger 
scale, the mountains begin to rise Ex- 
tremely varied climates also appear, 
because land masses and mountains 
interfere with the movement of winds. 
A simple folding of the rocks, however, 
is not enough to account for the gieat 
heights of today’s mountain ranges. It is 
the third stage of our cycle that is re- 
sponsible for the lofty peaks of the 
Himalayas, the Alps and the other moun- 
tain chains. 

The folding pushes deep extensions 
or roots into the weak sub crustal region. 
Since such a root is considerably lighter 
than the plastic medium m which it 
floats, it tends to rise buoyantly, pro- 
ducing uplifts of thousands of feet. When 
the mass leaches a point where it no 
longer rises or falls, it is said to have at- 
tained a state of isostasv, or floating equi- 
librium. This completes the “creative” 
part of the mountain-building cycle. 
Erosion then regains the upper hand and 
begins to grind the region down to sea 
level. The cycle is completed, only to 
begin again in other places, or perhaps 
in the same general^ region. 

The blister hypothesis, or any other 
theory of mountain formation, must ac- 
count for such cycles, but it must also 
account for a good deal more. For one 


thing, it must piovide insight into cer- 
tain puzzling problems of geographical 
distribution. A lelief map of the earth 
clearly emphasizes the fact that moun- 
tains aie confined to restricted areas 
Regions elevated more than 3,000 feet 
above sea level, m fact, aie exceedingly 
rare. An almost continuous belt of moun- 
tains ciicles the Pacific horn Antaictica 
north through South America, North 
America, the Aleutians, and south 
through japan, the Philippines and New 
Zealand Volcanoes and earthquakes are 
common occunences m this belt of 
youthful mountains. A second imposing 
belt starts m the East Indies, swings 
northwest in a wide arc and ties m with 
the great easi-west Ilimalayas-Caueasus- 
Alpine system. Volcanoes are rarer m 
the latter mountains, but earthquakes 
occur with impiessivc frequency and 
violence. 

Another great mountain region, the 
mid-Atlantic Ridge, lies beneath the 
ocean and is one of the world’s longest 
and highest langes. Heie and there a few 
islands loom out of the Atlantic to bear 
witness to the submerged system The 
Hawaiian Islands are the top of a great 
chain of volcanic peaks rising as much 
as six miles above the ocean floor, and 
other Pacific islands have similar origins 
Rocks m Brazil, Canada, Finland and 
other countries furnish evidence of an- 
cient mountain belts that have been so 
eroded that only their roots are left. 

Any successful theory must also ex- 
plain the kinds of mountains. Erosional 
mountains are those which great rivers 
caive out of plateaulike legions, the 
Appalachians being a good example. It 
should be pointed out that all peaks ex- 
cept volcanoes aie the indirect result of 
erosion. No mountain-building process is 
so rapid that its effects are not appreci- 
ably modified by the action of streams or 
glaciers. 

A second type of mountain— the 
domal— would not be conspicuous were 
it not for erosion. The Black Hills of 
South Dakota arose from a dome of an- 
cient granite that was lifted several 
thousand feet along with its cover of 
younger sediments. The great granite 
core of Mount Harney standing in the 
central portion of the Black Hills was 



exposed and sculptured by the waters of 
many streams. 

Mountains known as fault blocks are 
formed when the earth’s surface cracks 
and masses of lock slip against one an- 
othei along the line of fracture. The rise 
and fall of such masses pioduced many 
of the isolated ranges of the south- 
western U.S. The eastern front of the 
Sierra Nevada was built by perhaps 
thousands of small movements along the 
same fault line. 

Finally there is the compi essional 
mountain, a type which has presented 
the geologist with more questions than 
any othei. Certain sections of the ciust 
have been squeezed mightily together. 
The more brittle surface locks splinter 
and override others, while the more 
easily deformed rocks m the deeper 
crust aie highly waiped and folded. Such 
compression involves a real shortening 
of the earth’s circumference, at least m 
a restricted region, although the actual 
extent of the shortening may be a con- 
troversial mattei. Some geologists be- 
lieve that the formation of the Alps 
involved a shortening of 500 to 1,000 
miles, and a similar or larger figure has 
been suggested for the Himalayas. 

H OW do some representative theo- 
ries of mountain-building shape up 
when examined m the light of what we 
have outlined' 5 Flow well do they ac- 
count for what is known about newer 
rocks solidified from the molten state, 
cycles of uplift and erosion, geographical 
distribution, apparent shortening of the 
crust and other phenomena? According 
to the classical contraction theoiy of 
Charles Darwin, an originally hot and 
fluid earth gradually cooled until it 
formed a definite crust and solidified 
deep toward the center. As the cooling 
proceeded the interior shrank But the 
crust, having already solidified, could 
adjust to this contraction only by a 
wrinkling of the surface, such as takes 
place m the skin of an apple when the 
interior is dehydrated The eaith’s 
wi inkles are mountains. One of the chief 
objections to this hypothesis is that, if 
it is true, mountain-building should be 
going on all the time and practically m 
all places at once; it is a spasmodic proc- 
ess restricted to definite regions. And if 
the apparent shortening of the crust in 
the Alps is leal, a complete solidification 
of the earth could not produce enough 
wrinkling to explain it. 

Another hypothesis conceives of the 
continents as vast masses drifting like 
ice floes across the surface of the earth. 
Alfred Wegener, the German meteorolo- 
gist who formulated this continental drift 

STRUCTURE^ of the earth is the 
framework of the blister hypothesis. 
Blisters occur within the crust and 
outer mantle. Vertical scale in draw- 
ing at bottom is exaggerated 20 times. 
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CONVECTION HYPOTHESIS accounts for the growth of mountains on 
the Basis that there are great elliptical currents of plastic material within the 
earth. When two such ellipses meet, the crust above them buckles downward. 
The resulting depression is filled with sediments which are folded upward. 


theory in 1924, believed that mountains 
are a direct result of such movements, 
the Alps weie supposedly formed when 
Alrica floated noithward and crumpled 
an ancient Meditenanean geosynclme 
Pioponents of the theory point out that 
the eastern and western shores of the 
Atlantic can be made to fit like the pieces 
of a jigsaw puzzle, and they cite a similar 
matching of fossil and glacial records 
along the opposite coastlines. Detailed 
studies of continental movements do not 
support the hypothesis, which also 
shares a weakness of the contraction 
theory in that it does not account for the 
geographical distribution of mountains 
or the cycles ol their formation. 

A more widely accepted theory postu- 
lates that deep within the earth are tides 
or cunents of hot, plastic material, mov- 
ing in gieat elliptical paths. In those 
regions wheie two of these ellipses meet 
the overlying ciust buckles downward. 
Sediments that collect m the trough are 
then folded and pushed upward as 
mountains. Problems within the theory— 
such as the difficulty of visualizing sys- 
tems of sub-crustal cui rents which could 
produce the complex contours of existing 
mountains— are piobably greater than 
the pioblems that it tries to solve. 

T HERE is thus a clear-cut need for a 
new appioach that will help account 
for actual geologic data. The blistei 
hypothesis is presented as a possible 
answer to many unsolved problems asso- 
ciated with the formation of mountains. 
It is believed that the phenomena to be 
described are now actually taking place 
more than 10 to 15 miles but less than 
400 miles below the earth’s surface. 

In parts of this zone, heat is gen- 
erated faster than it can be dissipated 
by conduction or radiation. The source 
of the heat is assumed to be the nuclear 
disintegration of radioactive elements, 
although the consequences of this as- 
sumption have not yet been worked out 
in full detail. As material in the crust, 
and perhaps in the next shell of struc- 
turally weak material known as the 
asthenosphere, undergoes a marked in- 
crease in temperature, its physical state 
is changed. Crystalline materials first 
become glassy and amoiphous and are 
then transformed to an almost molten 
condition. The blistei is a pocket of ma- 
terial m such a condition. Since the 
heated substances may expand 10 per 
cent or more, a region initially 60 miles 
thick would increase its radius by at 
least six miles. The direction of increase 
would be predominantly upward. 

The process begins with the formation 
of several small 'pocket” blisters which 
extend laterally and in depth until they 
coalesce to form a major blister. Such 
large masses of expanding material could 
vary considerably in size but, for the 
purpose of this discussion, we shall as- 
sume that their minimum horizontal ex- 


tent is on the order of 300 miles; the 
maximum diameter could well be thou- 
sands of miles, perhaps even of conti- 
nental or oceanic proportions. The blister 
would probably have the shape of a 
thick, upwaidly convex lens. 

Since surface locks are relatively weak 
when exposed to tensile forces and since 
such forces develop in the crust dnectly 
above the thickest part of the blister, 
the sui face is distorted upward to foim 
a slight dome. Zones of weakness and 
fiactures develop m the dome, and 
molten lock is forced out of the blistei 
by the piessure of the sui rounding crust 
on the undei lying plastic materials Any 
loss of heat lesultmg fiom the release of 
molten rock necessarily produces a cool- 
ing and partial collapse of the blister. 
Volcanic action is not likely to cause 
complete collapse, however, because the 
fractures are readily sealed as the liquid 
solidifies 

As long as heat is generated faster 
than it is lost by conduction, radiation 
and volcanism, the blistei will continue 
to expand laterally. This tendency to 
creep sideways is accelerated by the 
weight of the crust above the blister. As 
the plastic mass deepens and spreads, 
the radius of the earth in the region is 
m ci eased by an amount equivalent to 
the thickening of the blister. We have 
already indicated that the surface might 
well be raised six miles, and a much 
greater increase is entirely within the 
bounds of possibility. 

We have descnbed the forming of a 
great dome above the center of the blis- 
ter, but what happens at the surface 
above one of the edges of the slowly 
spreading mass? The tensions here cause 
a yielding of the crust and probably a 
pronounced thinning of the underlying 
asthenosphere. The weakened surface 
sinks to form a trough for the possible 
accumulation of sediments; such a geo- 
syncline might develop on only one side 
of the blister or surround it completely. 
In any case, the crust is thinner below 
the geosyncline and, as the blister con- 
tinues to expand, subcrustal materials 
rise closer and closer to the surface. The 
release of pressure could liquefy some of 
these materials with little if any added 
heat, and the molten rock would be 
forced into the overlying geosynclme 
and into any sediments that might be 
accumulating there. The molten mate- 
rial solidifies rapidly and its added 
weight causes the geosynclmal region to 
sink until it reaches a state of equi- 
librium. This process of doming, geo- 
syncline formation and release of molten 
rock repeats itself as long as the blister 
remains. 

Now that we have described some 
preliminary details of the blister hy- 
pothesis, we can correlate its hypo- 
thetical steps with events that are known 
to have occurred. As has already been 
pointed out, the first stage of the 


mountain-building cycle includes occa- 
sional volcanoes, which may result when 
a blistei foims Cracks opening above 
the blister furnish vents for the escape 
of molten rock. The \olcamc material 
ejected from below a continent will 
geneially consist of diorite, a eoaise- 
gramed rock which, together with gran- 
ite, underlies most of the eaith’s sur- 
face. Molten lock ejected horn beneath 
the Pacific Ocean, howevei, will be nch 
m calcium and magnesium, for reasons 
to be discussed, there is no dionte oi 
granite layei under this ocean 

T HE first stage of mountain-building 
is also chai actenzed by a flooding of 
the land and other acceleiatmg dis- 
turbances which can be accounted foi 
by the blister hypothesis. A blister form- 
ing beneath an ocean, of couise, will 
laise the bottom and flood the lowlands. 
Any subsequent ciacking and ejection 
of molten rock will release heat fiom 
the blistei and cause it to shrink, as a 
lesult the ocean floor will sink again and 
the waters will recede. A slninkmg of the 
blister in the direction of the earth’s 
radius will necessarily produce a shorten- 
ing of the circumf ei ence, but the crust 
cannot return to its onginal contours. It 
contains new masses of solidified rock. 
The tiough regions have also been 
stretched by the cieepmg underground 
plastic mass and have possibly filled with 
sediment. In attempting to return to the 
previous circumference, the ciust will 
crumple here and there m the weakest 
zone, the geosynclme. A distuibance oc- 
curring early in the cycle may therefore 
be interpieted as a partial collapse of a 
developing blister with some mountain 
formation and volcanism m one section 
of the encircling weakened zone. 

Revolution, the second stage of the 
cycle, is also explainable in terms of our 
hypothesis. Several disturbances may 
occur peiiodically in widely separated 
areas surrounding the blister, but these 
are not sufficient to release all of the 
accumulating heat. The blister continues 
to _ spread honzontally with minor re- 
versals until its edge reaches the sagging 
geosynclinal zone, the weakest portion 
of the crust. The heat of the approach- 
ing blister raises the temperature of vast 
quantities of connate or trapped water 
m the sediments several hundred de- 
grees. This creates a vast crucible in 
which rocks metamorphose, i.e., change 
their form and crystal structure. Soft 
sedimentary rocks become hard, lime- 
stone turns to marble; sandstone be- 
comes quartzite; impure sediments are 
transformed into schist. The stage is set 
for a full-scale episode in mountain- 
building. The hot, trapped waters serve 
as a sort of lubricating agent, while the 
active force is the pull of gravity on the 
roof of the blister which overlies a highly 
plastic or liquid zone. The roof’s down- 
ward movement results in a lateral 


thrust at the margins, and crumpling be- 
gins The collapse of the loof is pioduced 
not only by simple contraction of the 
blistei materials, but also by the tre- 
mendous loss of molten rock which 
escapes into and through the sediments 
of the geosynclme. 

So according to the blister hypothesis, 
folding of the ciust may be caused by 
two distinct processes. The initial force is 
the lateial thrust of the enlaiged blister 
roof as it sin inks to a smaller circumfer- 
ence. The second force is the result of the 
mtiusion of vast quantities of molten 
rock into the sediments of the geosyn- 
clme. The apparent shoitenmg of the 
crust observed in some zones of moun- 
tain-building is partially explained by the 
stretching and flow of metamoiphosed 
rocks, and by the foicing of molten ma- 
tenal into the blistei roof and geosyn- 
clme. 

Great mountain elevations, however, 
aie not pioduced by simple blister col- 
lapse. They lesult from the fact that 
during the crumpling of the geosyncline 
great masses of rock aie thrust like roots 
into the plastic asthenosphere, the layer 
that lies immediately beneath the outei- 
most ciust and extends to a depth of 400 
miles Although these roots flatten out 
and disappear in time, they tend to float 
upward through denser materials and set 
up tremendous buoyant forces which lift 
the folded sediments to considerable 
heights. Each elevation is accomplished 
only when the buoyancy exceeds the 
strength of the lock, and die lifting 
action produces tension. This explains 
one form of fault-block mountain. 

Eventually equilibrium is established, 
and a thickened, ei oded continental seg- 
ment will remain to indicate the former 
activity of the blister. Succeeding blis- 
ters may develop an the same place or in 
different places. Cyclical processes are 
quite common, and thus the continent 
may grow by the periodic addition of 
new thickened portions. The oceans sink 
deeper and deepei and the continents 
rise higher and higher as the lighter sub- 
ci ustal materials beneath the blisters are 
separated from the heavier and are 
brought to the surface with each revolu- 
tion. 

It should be pointed out that the blis- 
ter hypothesis provides no immediately 
apparent explanation for die fact that 
part of the earth’s surface is composed 
of a silica-rich granite and part— notably 
the floor of the Pacific Ocean— of a silica- 
poor basalt It is assumed that a granitic 
layer was originally distributed over the 
entire surface, and that part of it was 
torn away when the moon was formed. 
According to the British astronomer 
George Darwin’s theory, this event took 
place when the rotation and vibration 
periods of the earth were such as to make 
the earth an unstable body which gradu- 
ally assumed the shape of a pear, the 
narrower part eventually breaking away 
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HISTORY OF A BLISTER might begin with the for- coalesce to form a larger blister which pushes up the 
mation of pocket blisters in a region where heat accu- overlying crust (B ) , Sediments collect in the geosyncline 
niulates more quickly than it is dissipated (A). These around this region (C). As the blister continues to ex- 


to form the moon. Supporting this view 
is the observation that the moon is slowly 
retreating from the earth. By following 
tliis process backward in time, it appears 
that the moon must have been formed 
after the earth. 

A simple calculation shows that if the 
moon were derived from an .area the size 
of the present Pacific Basm, it would 
have drawn materials from a depth of 
80 miles. That means that the moon 
would be basaltic, and its mean density 
is entirely consistent with the calculated 
depth of removed material and its as- 
sumed composition. The rocks of the 
Pacific floor are denser than those of 
other portions of the crust. They also 
seem to be much richer in calcium and 
magnesium, and poorer in iron, sodium, 
potassium and silica. The Pacific, fur- 
thermore, is exceptionally deep* Such 
unique conditions are best explained by 
George Darwin’s theory. Since a uni- 
versal ocean is assumed to have covered 


a 10-mile -thick universal granite layei 
before the sloughing off of the moon, 
sedimentation was practically impossible 
until the satellite was formed. We have 
evidence of sedimentation far back into 
the Archean Era, more than a billion 
veais ago. So the ejection of the moon 
must have taken place at least that long 
ago and probably initiated that era. 

The sediments themselves offer fur- 
ther evidence that the moon was once 
much closer to the earth. The wide- 
spread, homogeneous sedimentary rocks 
that weie laid down in what is now the 
central U.S. 225 million to 500 million 
years ago can be explained by assuming 
the existence of a vast tidal basin in an- 
cient times. This could have been the 
case only if the tides were considerably 
higher, a situation that presupposes a 
closer proximity of the moon. Tides of 
50 to 100 feet are easily imaginable with 
the moon about 24,000 miles, or one 
tenth of its present distance, from the 


earth. The effect upon sedimentation 
, would have been tremendous. Although 
the origin of the Pacific Basin must re- 
main a matter of conjecture, the above 
arguments are highly suggestive. It is 
interesting to note that the blister hy- 
pothesis can readily explain most of the 
surface features of the moon as well as 
of the earth. 

W HAT specific geological events pro- 
vide the best examples ol blister 
action in the past? A recent paper by 
the University of Michigan geologist 
A. J. Eardley furnishes one possible illus- 
tration, He has shown that the entire 
Arctic Ocean region was once dry land 
which disappeared after a mountain- 
building revolution at the close of the 
Paleozoic Era. This revolution produced 
the folded ranges distributed around the 
North Pole, and might well have been 
caused by the collapse of a blister. 
Another example may be provided by 











pand laterally, it pushes into the sediments (D) . Here 
the blister loses heat and collapses. The crust above it 
likewise collapses, squeezing the sediments of the geo- 


syncline (E) . These folded sediments remain as moun- 
tains (F). As they float, they may be fractured into 
fault blocks (G) . Finally the blocks are eroded flat (H) . 


an examination of Paleozoic maps, which 
show a land mass to the east of the U.S. 
A more or less continuous geosyncline 
extended from Alabama through New- 
foundland, for all we know, it may 
have reached across to the British Isles, 
and from there to the region of the 
Paleozoic Alps. It is possible to imagine 
a blister and perhaps a continuous land 
mass occupying the region that is now 
the Atlantic Ocean. The collapse of such 
a blister would not have occurred over 
the entire area at once. Three partial 
collapses might be represented by the 
Caledonian revolution of Scotland be- 
ginning 300 million years ago, the Aca- 
dian revolution of the Canadian mari- 
time provinces beginning 260 million 
years ago, and the revolution that 
formed the Appalachians 200 million 
years ago. After the latter revolution, 
fault-block mountains and basins formed 
along the^ entire folded belt from Con- 
necticut to Virginia. Meanwhile the 


central portion of the blister might have 
continued to collapse, forming the At- 
lantic Basin. 

Although one cannot point with great 
assurance to modem signs of blister 
activity, a few cases may be discussed. 
The elevated continent of Africa, with 
its great “rift valleys” caused by cracks 
m the crust, may constitute the roof of 
a blister. The fact that the northern half 
of the Pacific Ocean is 3,500 feet deeper 
than the southern half may be accounted 
for by assuming complete bhster collapse 
in the former region. The islands of 
Japan are grouped in an obvious mosaic 
pattern. They could well be masses of 
the crust that are being raised by the 
buoyant force of deep fault-block roots 
resulting from the collapse of such a 
North Pacific bhster. The East Indies 
possibly represent a similar phenome- 
non, with the bhster center slightly to 
the northwest of Borneo. The great peaks 
of the Himalayas could very well be the 


product of two or more coalescing blis- 
ters. 

These and other speculations based 
on the bhster hypothesis will undergo 
thorough examination and testing when 
the facts of ancient geography are re- 
considered in the light of its basic as- 
sumptions. The hypothesis will stand or 
fall depending on detailed quantitative 
findings concerning the distribution of 
radioactivity in the crust, the heat- 
conducting properties of rocks and many 
other important physical factors. The 
author is not completely satisfied with 
the theory as it stands. It is presented be- 
cause, as far as preliminary considera- 
tions go, there seems good reason to ex- 
pect that some such explanation will 
prove valid. Time will prove die judge. 


C W.Wolfe is pro- 
fessor of geology at 
Boston University. 
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The contractile tissue has many remarkable 
characteristics. Not the least of them is its 
usefulness in the investigation of life itself 


by A. Szent-Gyorgyi 


HEN one of our muscles is ex- 
cited by a nerve, it conti acts. 
Some muscles are thus able to 
pull at the bones to winch they are 
attached and to move a part of the body. 
Other muscles perfoim much of the work 
of our internal organs. The heart is only 
a pouch of muscle, so, in a way, aie the 
intestines. Millions of muscle cells are 
embedded m the walls of small arteries. 

Much of human suffering is due to the 
disfunction of these inner muscles. A 
slight contraction of the muscles of the 
arteries may send the blood piessure up 
or cut off the supply of oxygen to othei 
tissues. More than half tire deaths of 
mankind are due to the failure of heart 
muscle. Yet in most cases we cannot re- 
pair the diseased muscle machine be- 
cause we do not sufficiently understand 
its structure and function. 

Muscular contraction is one of the 
most wonderful phenomena of the bio- 
logical kingdom. That a soft jelly should 
suddenly become hard, change its shape 
and lift a thousand times its own weight, 
and that it should be able to do so sev- 
eral hundred times a second, is little 
short of miraculous. Undoubtedly muscle 
is one of the most remarkable items in 
nature’s curiosity shop. Muscle, how- 
ever, has attracted the attention of many 
scientific investigators for another reason. 

All living organisms are but leaves on 
the same tree of life. The various func- 
tions of plants and animals and their 
specialized organs are manifestations of 
the same living matter. This adapts it- 
self to different jobs and circumstances, 
hut operates on the same basic princi- 
ples. Muscle contraction is only one of 
these adaptations. In principle it would 
not matter whether we studied nerve, 
kidney or muscle to understand the basic 
principles of life. In practice, however* 
it matters a great deal. 

The work of the scientist is essentially 
to measure, and the rapid changes in 
muscle can he measured much more 
easily than the slow changes in liver or 
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kidney. The functioning of muscle may 
be seen by the naked eye, and may be 
indicated by srniple means. The elec- 
trical change of nerve, on the other hand, 
may be observed only with involved 
and subtle devices. The great motility of 
muscle demands that it be built of small 
units, ai ranged with great regularity 
and bound together by relatively weak 
forces This means that we may dis- 
entangle and isolate these small units 
without destroying them, aiid that they 
may be studied outside the body. 

There are many approaches to the 
study of muscle. The anatomist delights 
in its structuie, which he tries to pre- 
set ve. The physiologist enjoys the har- 
mony of its function, and tides to avoid 
all damage to the tissue m oidei to study 
it under physiological conditions. The 
biochemist, however, willfully destroys 
the structure. There is a simple reason 
for the fact that none of these ap- 
proaches, m itself, can explain muscle. 

Muscle is a machine, and in any ma- 
chine we must deal with two elements. 
One is the energy-yielding reaction, such 
as the expansion of steam in a steam en- 
gme, the burning of fuel in an internal 
combustion engine, or the flow of cur- 
lent in an electric motor. These ele- 
mentary reactions can accomplish uselul 
work only if they take place within a 
specific structure, be it a cylinder and 
a piston or a coil and a rotor. So in 
muscle we must also look for both the 
energy-yielding reaction and the mean- 
ingful structure. 

The energy-yielding reaction is a 
chemical change which takes place 
among molecules, and its study belongs 
to the realm of biochemistry. The struc- 
ture is the domain of the anatomist, 
working with his knife, microscope or 
electron microscope. Both paths of in- 
quiry are most exciting. We can expect 
to find that the basic energy-yielding re- 
action is identical, at least in principle, 
in all living forms. Muscle research can 
thus take us to the very foundation of 
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A MUSCLE FIBER has horizontal { 

and vertical markings in pliotomicro- 


life. Its structure, although specialized, 
can likewise reveal the fundamental 
principles of biomolecular architecture. 
In this light muscle ceases to be a special 
problem. The study of its function 
merges with the study oi all life, and for 
such study muscle is a wondeiful and 
unique material. 

M USCLE is built ol tiny fillers which 
aie just visible to the naked eye 
The pictuie that appears at the Lop of 
these two pages shows one of these as it 
appears undei the nucioscope. If we look 
at this pictuic closely, we discover a 
horizontal striation which indicates that 
the muscle fiber is only a bundle of many 
small fibers, or fibuls. These fibrils are 
composed of contractile matter, and the 
muscle contracts because they contract. 
Under the electron microscope, as may 
be seen m the picture on page 24, the 
fibril is clearly visible as a slender, con- 
tinuous column. 

The fibuls need a great deal of energy 
in a very special foim. The energy con- 
tained m food, m fact, must be con- 
verted into tins form beioie the fibrils 
can use it. This process alone lequnes a 
bulky chemical apparatus that is located 
between the fibrils The conti action of 
the fibrils presses this substance into 
disks, which account for the vertical 
stuations visible in the picture above. In 
the picture on page 24 some of this mter- 
fibnllary matenal still adheres to the 
surface of the fibril, giving it a seg- 
mented appearance. In the picture at the 
top of page 25 we can see that the sub- 
stance indeed adheres only to the sur- 
face. Wheie the fibril itself lies naked 
we can see that it too is a bundle of still 
finer threads. These threads have been 
called filaments by C. A. Hall, M A. 
Jacus and F. O. Schmitt, who first photo- 
graphed them at the Massachusetts In- 
stitute of Technology. 

The specific form in which energy is 
supplied to the fibril is adenosine tri- 
phosphate, which is abbreviated as 




graph. Horizontal slriations indicate that fiber is made ence of material compressed by fibril contraction. Orig- 
up of tiny fibrils. Whitish vertical markings show pres- inal photomicrograph magnified fiber 1,000 diameters. 




ATP. The discovery of this substance is 
one of the most important achievements 
of biochemistry. ATP is one ol the mam 
axes about which life revolves. The ATP 
molecule beais three phosphate groups 
hnked by oxygen atoms. The University 
of Pennsylvania physiologist O. Meyer- 
hof has shown that the manufactuie of 
each such link lequires 11,000 calories of 
free energy. When the links are broken, 
the energy is icleased. Fritz Lipmann of 
the Massachusetts General Hospital has 
called them high-eneigy phosphate links. 
Then splitting is the source of all mus- 
culai energy 

The participation ol ATP m contrac- 
tion has one most fascinating aspect. Our 
experience thus far indicates that wher- 
ever there is life its earner is a nucleo- 
protem. This substance is made up of 
protein and nucleic acid, the latter be- 
ing most abundant in cell nuclei. We 
may therefore assume that these two 
materials and then interactions are an 
essential feature of life. The nucleic acid 
molecule is composed of many small 
units that are chemically similar to ATP. 
These aie joined m giant fibrous mole- 
cules. Unfortunately we cannot do much 
with such huge molecules, so they can 
tell us little of the nature and meaning 
of nucleoproteins. 

Again muscle furnishes a hopeful ex- 
ception. So far as the author is aware, 
the contractile substance of the fibrils 
is the only “living” protein that is not 
lmked to nucleic acid. The reason is easy 
to find. Long, fibrous nucleic acid mole- 
cules would surely interfere with the 
mechanism of contraction. Instead of 
nucleic acid, the contractile protein 
works with smaller units. In the author's 
opinion, ATP is the missing nucleic acid 
of the fibril. Since ATP is a small mole- 
cule, its connection with muscle protein 
can be studied with relative ease, and 
may reveal one of life's most closely 
guarded secrets. 

Having outlined some general prin- 
ciples, let us see what we can actually 


learn about the function of muscle. To 
understand it we will have to break it 
down. Fiom a knowledge ol its parts we 
may hope to understand the whole, just 
as the astionomer understands the stars 
by his knowledge of the atom. A man 
who paiachuted into a strange land, 
however, might have difficulty m finding 
his way home. We would likewise have 
trouble finding our way back to muscle 
if we decomposed it all at once. We 
will fare better if we proceed to oui 
destination on foot, and decompose 
muscle step by step. 

AS the first step in decomposing 
-Ol muscle, let us sepaiate the small, 
soluble molecules from the insoluble 
structure without destroying the latter. 
This can easily be done by washing a 
strip of i abbit muscle, for example, with 
water. Now let us put the dissolved 
molecules back again. We suspend our 
muscle m a concentrate of the original 
solution, or, to simplify matters, in a 
boiled extract of some other muscle tis- 
sue. What happens? The muscle con- 
tracts 1 Special measurements show that 
the contraction occurred with such force 
that the muscle could have lifted a thou- 
sand times its own weight, just as any 
living muscle. There is no doubt that 
what we have seen is muscle contraction. 

Next we ask: What substance in this 
muscle juice made the washed muscle 
contract? Fortunately this is not a diffi- 
cult question. A bit of scientific cookery 
indicates that two substances were re- 
sponsible-potassium and ATP. This is 
remaikable, for ATP is essentially phos- 
phate, and if we want a lawn to flourish, 
we use a fertilizer containing potassium 
and phosphate. Grass needs the same 
substances as muscle, a striking demon- 
stration that the basic change in muscle 
contraction is only one form of a uni- 
versal biochemical reaction. 

We have thus discovered that ATP 
makes muscle contract as well as supply- 
ing the energy for contraction. No other 


substance will serve. ATP is a cogwheel 
m the mechanism of contraction, and 
without it no contraction occurs. ATP 
has yet anothei function. From earliest 
times man has known of rigor mortis , 
the stiffening of the body that follows 
death. The same effect can be produced 
in a single muscle. A strip of rabbit 
muscle removed soon after killing the 
animal can be stretched like lubber, 
though within narrower limits. A few 
hours later the strip becomes inelastic 
and simply breaks when we attempt to 
stretch it. The loss ol elasticity is due to 
the decomposition of ATP; by restoring 
ATP we restoxe elasticity If ATP did 
not make muscle elastic, the muscle 
would be too rigid to work at all. 

We can now go one step further m 
decomposing muscle. We make a very 
fine pulp of oui washed rabbit muscle, 
suspend it m water and add potassium 
and ATP No contraction can occur 
because the structures have been de- 
stiny ed. Instead there is a violent pre- 
cipitation. Much die same thing must 
have happened when the whole muscle 
contracted. The precipitation of fine col- 
loidal pai tides is due chiefly to a loss 
of electric charge. So the basic reaction 
of contraction is a loss of charge, bi ought 
about by potassium and ATP. 

We may now proceed to decompose 
muscle into its molecules. In the pres- 
ence of ATP a strong salt solution dis- 
solves die muscle structure and extracts 
two quite different proteins— actrn and 
myosin. Both of these proteins have most 
interesting properties, but contractility 
is not one of tirem. The most amazing 
property of myosin is its great affinity 
with ions, which m the smallest concen- 
trations may greatly modify its electric 
charge. The most amazing property of 
actin, discovered by the author's asso- 
ciate F. B. Straub, is that it can exist 
in two forms. When first extracted it con- 
sists of small, round molecules. If we 
add a little salt these little globules 
unite to form long threads, as shown in 
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A MUSCLE FIBRIL is shown in electron micrograph made by G. Rozsa 
of the National Institute of Health. Ridges of white material adhere to 
surface of the fibril. Original micrograph magnified fibril 9,500 diameters. 


the photograph at the bottom of the 
opposite page 

The most amazing piopeitv of aetra 
and myosin, howevei, is that they can 
unite to foim a complex— actomyosm It 
is this complex that has the conti actility 
of muscle. We have leproduced, and 
thus made it possible to analyze, one of 
the most mystei ious manifestations of 
life. Seeing actomyosm conti act for the 
first time was the most exciting experi- 
ence of the author’s scientific caiecr. 

We have left the pioblem of the 
molecular ai chitecture of muscle to the 
end, because this field of research was 
opened not long ago when the discovery 
of the electron microscope extended the 
limit of human vision down to the world 
of molecules. Hall, jacus and Schmitt 
were the first lo begin studies along this 
line At piesent the problem is also be- 
ing investigated at the National Institute 
of Health by G. Rozsa, the author and 
R. W. G. Wyckofl, m the laboratoiy of 
the latlei. These studies have shown that 
the building of actin out of globules into 
fibeis pioceeds in two steps. First per- 
haps 20 globules unite into a slightly 
elongated paiticle some 300 Angstiom 
units long and 100 wide Then these pai- 
ticles are joined end to end to form 
tlneads. EleeUon-mieioseopc photo- 
graphs show that the tlneads have a 
stiong tendency to come to lest side by 
side so that the individual particles of 
neighboring threads also lie side by side. 
Thus tlneads actually form in two direc- 
tions, and a regular structure analogous 
to a crystal results. 

T HE nature of the chemical mech- 
anism that makes large protein 
molecules out of small ones is a very 
fascinating problem. The laiger actin 
particles aie the size of the smaller 
viruses. The question of how a large pro- 
tein unit is put together, and how it is 
taken apart and put ‘together again 
according to a new pattern, is pci haps 
the most important problem of virus re- 
search. W. J. Bowen and K. Laki of the 
National Institute of Health have shown 
that ATP is also involved m this feat of 
molecular engineeimg. 

There is yet another new and ratliei 
hopeful approach to muscle, opened by 
the discovery that muscular conti* action 
is a so-called equilihiium reaction. The 
approach is that of thermodynamics. It 
has thus far yielded two rather fascinat- 
ing results. It has shown that the whole 
muscle machine is built of small and 
more or less independent units the size 
of actin globules. These have a mo- 
lecular weight of 70,000, i.e 70,000 
times the weight of the hydrogen atom. 
If linked to ATP, the units at rest have 
a certain amount of potential energy, 
and are thus comparable to a loaded gun 
or an extended spring. When excited by 
a nervous impulse, the units spend this 
energy. The energy transmitted by ATP 
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is then required to bring them back to 
the high-eneigy loaded or extended 
state. Once we know this, it seems natu- 
ral that natuie should do it this way. 
The living structure is kept leady to fire 
and is loaded aitei firing, instead oi the 
other way around. 

Can we put all this together m a single 
theory of muscle contraction? We can 
tiy, but we must jump some lather wide 
gaps We have seen that the primary re- 
action is a change m which electric 
charge is lost, and that the change takes 
place within small molecular units Such 
a loss of chaige must very greatly alter 
the forces between the larger particles. 
Should it be found that the muscle 
fihril is a three-dimensional structure of 
slightly elongated particles, it might also 
be found that contraction is nothing 
more than a tilting of them. 

Much work must be done before we 
have a lounded understanding of muscle 
contraction itself. Then we must ask 
what changes occur when a neive com- 
mands a muscle to contract, how the 
system returns to its resting state, and 
how the energy of ATP is transferred. 
Since actomyosm appears to be identical 
in all kinds of muscle, we will have to 
look out for the substances that regulate 
its varying functions. In the wing muscle 
of some insects, ioi example, actomyosin 
can contract several hundred times a sec- 
ond, yet it can also pioduce the slow, 
regular beat ol the heait and, without 
consuming energy, can hold a clam shell 
closed loi horns. 

The reader may ask: When we know 
all this, will we understand muscle and 
life itself? The author can only give his 
peisonal opinion* We will not, because 
the fundamental changes m muscle can- 
not be expressed m terms ol orthodox 
chemistry. We will veiy likely have to 
explain them m terms of how electrons 
aie distributed over the entire molecular 
structure, an explanation that belongs to 
the realm of quantum mechanics. 

The study of this distribution of elec- 
trons within the protein molecule is one 
of the most urgent and most difficult 
tasks of biology. Until the task has been 
completed, we cannot hope to under- 
stand the natuie of life The task is not 
impossible, but it requires keen imagina- 
tion, a lust for adventure, and a catholic 
knowledge. The task is probably too big 
for any one man; the biologist and the 
theoietical physicist will have to col- 
laborate. A few hopeful beginnings have 
been made. They may eventually lead us 
to a full understanding of the piotem 
molecule, which will mark the beginning 
oi a new era in biology and medicine. 


A. Szent-Gyorgyi, Hungarian biochem- 
ist and Nobel pi ize winner, is note a fel- 
low of the National Institute of Health 
and director of the Institute for Mus- 
cle Research at Woods Hole , Mass 



FINE STRUCTURE of a fibril is visible in another electron micrograph by 
Rozsa. Bcneatli the white interfibrillary material are tiny filaments that 
make up the fibril. Original micrograph magnified fibril 25,000 diameters. 



ACTIN FILAMENTS are revealed in third electron micrograph by Rozsa. 
Actin is a protein which combines with myosin to form the contractile com- 
plex actomyosin. Original micrograph magnified filaments 37,000 diameters. 
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SCIENCE AND THE 



Progress in Cancer 

C ANCER research has recently made 
some definite progress m its slow 
journey toward die early diagnosis 
and effective treatment of die disease. 
One striking development has been 
announced by George W. Kidder of 
Amheist College, who, with a team of 
co-workers, has discovered a clear-cut 
metabolic difference between cancerous 
and normal mammalian tissue. The dif- 
ference lies in the cells 5 use of guanine, 
a substance entering into the formation 
of nucleic acid. Malignant cells require 
guanine; normal cells do not. 

The finding was applied m a signifi- 
cant experiment. A cancel ous mouse was 
fed a diet including pseudoguanine, a 
metabohcally useless compound which 
resembles guanine so closely that cells 
take it up as if it were guanine itself. 
This antimetabolite did not kill the 
mouse cancer, but it stopped tumoi 
growth, And growth resumed as soon as 
administration of die drug ceased Al- 
though pseudoguanine may be toxic to 
normal as well as malignant cells, the 
technique represents an approach that 
may yield results in the future. 

Another approach to the problem of 
curbing the growdi of malignant tumors 
is reported by Henry K. Wachtel of 
Fordham University m Nature, the Brit- 
ish scientific weekly. Wachtel has ex- 
tracted a fatty substance from fresh 
cattle pituitary glands which inhibits 
the growth of soft-tissue cancers m ex- 
perimental animals. In some cases the 
cancer regressed pardy or completely. 
The pituitary substance also produces a 
definite effect in the blood, reducing the 
level of the fatlike compound choles- 
terol. The identification of the substance 
awaits its preparation in large quantities. 

Three significant advances have also 
been made in the diagnosis of cancer. 
S. A. Gladstone of die New York Poly- 
clinic Hospital has developed a simple 
sponge technique for recovering speci- 
men cells from various body surfaces 
and cavities. The sponge, which is made 
of gelatin, is rubbed over areas from 
which specimens are desired. Enough 
cells adhere to the gelatin to provide 
material for microscopic study. The 


technique is being tested by hospitals m 
seveial cities and has been employed in 
moie than 700 cases, including cancels 
of the cervix, uterus, lectum, mouth, 
pharynx, esophagus and lung. It is said 
to be at least as reliable as biopsy, die 
surgical lemoval of a tissue sample which 
is a standard practice in diagnosing 
cancel. The sponge method may also aid 
m the diagnosis of gastric cancer, the 
most difficult foim of cancer to detect. 
The gelatin can leadily be inserted into 
the stomach through a tube. 

Another test, foi the examination of 
patients who may have cancer of the 
ceivix or uteius, has been devised by 
Harold S. Burr of Yale Umveisity and 
Louis Langman of New York's Bellevue 
Hospital. It is based on the electrical 
characteristics of living tissue. Contacts 
placed on the abdomen and in the va- 
gina pick up a negative potential m 11011 - 
pregnant women with no uterine or 
ceivical pathology. A positive potential 
is observed m piegnant women and 
those with cancel 01 ceitain other dis- 
orders of the genital tract. Enoneous 
diagnoses were made m only 15 per cent 
of the tests, 

Chailes Huggins of the University of 
Chicago has icported a test for cancer 
that involves die analysis of blood 
lodoacetic acid inhibits the coagulation 
ol proteins m heated blood serum, and 
it takes less lodo acetic acid to inhibit 
coagulation m the serum of a person 
with cancer. This difference is die basis 
of the test. Although false positive re- 
actions are obtained m pulmonary tuber- 
culosis and acute infections, these 
conditions may be easily distinguished 
from cancer. The test, which provides 
no information as to the site of the 
growth, has been checked on 300 pei- 
sons. Huggins has described it as Tiot 
quite as good as the Wassermann test" 
for syphilis. Blood tests for cancer have 
been reported on four previous occa- 
sions, but until now have proved un- 
reliable. 

The Neiv Commissioners 

A CONTINUATION of the present 
policies of the Atomic Energy Com- 
mission appears likely from the Presi- 
dent's choices to fill two Commission 
vacancies. Taking the place of Robert F. 
Bacher, who resigned to go to die Cali- 
fornia Institute of Technology, is an- 
other physicist, H, D. Smyth of Prince- 
ton, author of the celebrated official 
report on the atomic bomb. Gordon 
Dean, named to the position vacated by 
W. W. Waymack, is a professor of law 
at the University of Southern California 
who was in the Justice Department 


throughout the Roosevelt administra- 
tion Subject to Senate confirmation, 
Smyth and Dean will serve teims expir- 
ing m June, 1950. 

The Nuclear Rocket 

T HE fust locket piopelled by atomic 
eneigy will not lie successfully 
launched for at least seveial decades, 
according to PI S. Seifert, chief of the 
applied physics section of the California 
Institute of Technology Jet Propulsion 
Laboiatory. The nuclear locket, Seifert 
says m Physics Today, “seems to be one 
of the less practical applications of 
nucleai eneigy." It laises moie prob- 
lems than it solves. 

The first problem is that a practical 
locket must operate at a minimum of 
5,000 degiees C. (Below that tempera- 
tine the velocity of the jet is too low ) 
Uranium, however, melts at 3,400 de- 
grees. Theoietically a nuclear rocket 
might work in eidiei of two ways. The 
simpler is to employ a nuclear leactoi 
to heal die woi king-fluid— the gas to be 
expelled— m much the same way that 
leactors will heat the lui bine-spuming 
gases in die first atomic-power plants 
Seifeit points out that die best possible 
rocket woi king-fluid, liquid hydrogen, 
heated to the highest practicable tem- 
peratuie, would furnish only four times 
as much thrust as a good chemical fuel. 
Very large, heavy tanks would be re- 
quired to handle this fluid because of its 
low boiling point and low density. 

The other theoretical possibility is the 
“photon" rocket. Matter would be con- 
verted entirely to radiant energy, which 
would act as a kind of electromagnetic 
jet, a quarter of a pound of matter 
pioviding enough energy to propel a 
projectile 18,000 miles a second. The 
Caltech physicist considers the photon 
rocket as having “no more status at the 
moment than that of a mere wishful 
hypothesis.” In fact, he finds the imme- 
diate prospect for any practical atomic 
rocket “melancholy.” 

Soviet Mesons 

T WO Soviet physicists claim to have 
found no less than 16 types of sub- 
atomic pai tides in cosmic-ray debris. In 
work done more than a year ago, but 
only now reported outside the U.S.S.R., 
A. L Alichanian and A. I. Alichanov de- 
clare they have obtained photographic 
tracks of particles with the following 
masses (mass of the electron^ 1) : 110, 
140, 200, 250, 300, 350, 450, 550, 680, 
850, 1,000, 1,300, 2,500, 3,900, 8,000 
and about 25,000. The photographs 
were made at a high-altitude cosmic-ray 




For less expensive 


reseal ch station m the Caucasus. Alicha- 
man and Alichanov— who are hi others, 
although one of them has Russianized 
his name— repoit their studies m a letter 
to the British weekly Nature. 

Amencan and western European 
physicists have accepted as established 
the existence of only two similai parti- 
cles, mesons of mass 215 and 284. These 
aie knocked out of atomic nuclei by 
either cosmic rays or high-energy ladia- 
tion from the most powerful atom- 
smasheis. A third meson has never actu- 
ally been detected, but is generally 
ci edited on theoretical giounds A 
fourth meson, with a mass of 800 to 
1,000, is also accepted by some western 
physicists 

Syphilis Antibodies 

F URTHER details of how resistance 
to syphilis develops may result from 
a new technique for detecting syphilis 
antibodies in the bloodstream Devel- 
oped by R. A. Nelson, Jr., and Manfred 
M, Mayei of Johns Hopkins University, 
the technique involves bringing together 
a sample of possibly infected blood and 
a specimen oi live parasites. The pres- 
ence of antibody and infection is indi- 
cated by immobilization of the parasites. 
The procedure not only permits piecise 
determination of how much antibody is 
present but may lead to better methods 
for detecting syphilis. Although it is too 
laborious m its present form lor routine 
tests, its early use in doubtful diagnoses 
is anticipated. 

Spinal Cord Culture 

T WO University of Chicago physiolo- 
gists, Ralph W. Geraid and Robert 
T. Tschiigi, have succeeded m keeping 
a large section of a rat's spinal cord alive 
and functioning outside the animal's 
body The section is an inch and a half 
long and runs from the base of the skull 
to the middle of the back. Placed m a 
trough after dissection from the rat, it is 
supplied with blood or an artificial nu- 
trient through the spinal-cord arteries. 
Electrical stimulation of the cord's 
sensory nerve loots produces a response 
that may be indicated on a cathode-ray 
oscilloscope. 

Culture of the spinal cord will greatly 
simplify the investigation of nerve 
metabolism. Gerard and Tschirgi have 
already found five distinct substances 
capable of furnishing energy for nerve. 
(Glucose had previously been consid- 
ered the only energy source.) They have 
also been able to demonstrate that 
spinal-cord function— in apparent con- 
trast to accepted theories of brain func- 
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A BAKER’S 

DOZEN! 

★ ★ ★ ★ 

The good old days of earlier years 
are not entirely out ot existence. In ; 
those earlier days, when one went 
shopping, it was customary in many 
cases for the merchant to give good, 
liberal and often extra measure. In ! 
such instances the purchaser received 
what was termed, “A baker's dozen." 

This is exactly what has happened 
In our latest publication "ACETYLENE 
CHEMISTRY" by Julius Walter Reppe 
— Office of Technical Services (O.T.S.) 
Report PB 1 8852-s 

When we first received the micro- 
filmed copy of this report from O.T.S., 
Department of Commerce in Washing- 
ton, certain important parts had been 
omitted or overlooked by the original 
translator. We then asked the Office 
of Technical Services for the original 
report as written by Mr. Reppe and 
found approximately 50,000 additional 
words had never been translated or 
published. This additional material is 
now incorporated in the text as pub- 
lished by our se lves and has lengthened 
the report considerably Our first es- 
timate was that this book would com- 
prise about 125 pages whereas it now 
amounts to over 200. We are also in- 
cluding a complete table of contents 
plus a detailed subject index 

It may be that the "Joke is on us" 
but we are going to adhere to our 
originally quoted price — $10.00 per j 
copy plus a minimum charge for post- 
age and handling — A BAKER'S DOZ- 
EN???? We leave it to you to answer 
that question after you once have seen 
and thoroughly checked it 

If you do not have a copy may we 
suggest that you order it as soon as 
possible. 

★ ★ ★ ★ 

CHARLES A. MEYER & 00., INC. 

T ransfations — T echnical Research — 
Technical Publications 

Grand Central Terminal Building 
25 Vanderbilt Are., New Yerk 17, N, Y. 
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Non— tan he lesloied uftei us much as 30 
minutes ot ox\ gen oi glucose depriva- 
tion The Gerard- Tschirgi technique 
may also open the \va\ for the study in 
vitto of multiple sclerosis. poliomyelitis, 
convulsions and other disorders of the 
cential neivous system. 

World Health Assembly 

E stablishment oi six “health 

demonstiation aieas” to show the 
opeiation of a coordinated, fully devel- 
oped public health piogiam will be 
discussed at the second assembly oi 
the World Health Organization, which 
opens in Rome on June 13 and will con- 
tinue tor seveial weeks. Neaily 400 dele- 
gates and observers representing 59 
nations will attend the sessions. Only 
thiee membeis will be absent. White 
Russia, the Ukraine and the rest of the 
U.S.S.R. withdrew from WHO in Feb- 
ruary and consider themselves out of the 
organization, although the WHO charter 
has no provisions for the withdrawal of 
members. The Assembly may refuse to 
accept their resignations. 

The health demonstration aieas will 
be one of the main features of WHO’s 
1950 progiam. Each will cover an area 
with a mixed urban and ruial population 
of 100,000, m a countiy where some 
teaching and public health facilities al- 
ready exist, so that training can lie given 
to personnel from neighboring nations 
and the work initiated by the demonstra- 
tion unit can be continued after it leaves. 
The areas will be m different regions of 
the world and will be chosen to leflect 
special regional pioblems. The list will 
include several regions wheie improved 
public health can be expected to result 
m a rapid rise in food production. 

In addition, WHO plans to send out 
more medical demonstration teams to 
spread the campaign against tubercu- 
losis, malaria, venereal disease and the 
othei disorders listed by the First World 
Health Assembly as WHO’s initial areas 
of concentration. The first steps of a 
broad campaign against the parasitic in- 
fection schistosomiasis will also be un- 
dertaken. 

The 1950 program will increase the 
agency’s budget from the present $5 
million to $17 million. The American 
share will come to about $6.5 million, 
and although U.S. delegates aie ex- 
pected to agree to the assessment, a 
special act of Congress will be needed 
to authorize payment. Congiess last year 
voted to limit American WHO contri- 
butions to $1 9 million a year. 

German Chemical Industry 

A BOUT two fifths of the great West 
- German chemical industry is to be 
preserved, according to an agreement 
among Francg, Great Britain and the 
U.S. The decision was based on a survey 
of the German chemical, steel, mechani- 


cal and nonfei i ous-metal industries by 
the Industrial Advisory Committee of 
the Economic Coopei ation Administra- 
tion. A total ot 381 plants was studied, 
oi which 144 aie to be letained m whole 
and 15 m part. OI the 75 chemical plants 
studied, 32 will lemain. 

Hardest hit is I. G Farben, which 
will lose 27 of 50 plants, including 17 of 
the 30 factones m the famous group at 
Ludwigshafen-Oppau on the Rhine The 
plants Farben is to letam, however, aie 
nearly three quaiteis of the total number 
of chemical establishments permitted 
West Geimany. Unless the combine 
should be broken up, I. G. Farben will 
still be the stiongest element of the 
German chemical industry. 

The Anglo-Fiench- American agree- 
ment also sets pioduction ceilings The 
manufacture of a long list of chemicals, 
including synthetic liquid fuels, is pio- 
hibited outright. Only one synthetic 
liquid-fuel plant at Wesseling in the 
British zone will be permitted to operate, 
and that will be confined to the hydro- 
genation of otherwise useless heavy 
crude-oil residues Production ot styrene, 
a basic synthetic rubber intermediate, 
will be limited to 20,000 tons a year. Sui- 
plus plants will be distributed among 
the Allied powers as reparations. Since 
most of those earmarked lor this purpose 
have already been dismantled, the re- 
duction of the Gciman chemical indus- 
try is nearly complete. 

Arctic Iron Age 

A LARGE steel mill is being built in 
the town ot Mo, in Noiway within 
25 miles of the Aictic Ciicle. Norway's 
first modem iron and steel plant will turn 
out 500,000 tons of rolling steel and 
180,000 tons oi pig iion annually and 
will he the largest industrial enterprise 
m the countiy. Owned bv the govern- 
ment, the plant will be completed m 
1951. 

Because of Noi way’s lack of coal, the 
plant will smelt non ore in electric 
furnaces, which use only the conipaia- 
tively small amount oi coal needed to 
react with the ore. Heat for the process is 
supplied by electi icily from a nearby 
hydioelectnc station. The plant will use 
a specially piocessed low-grade ore from 
Dunderland, a few miles away. The 
world’s best non oie comes from the fa- 
mous deposit at Kuuna, Sweden, which 
is not far fiom Mo, but there is no 
direct transportation between the two 
localities 

Honors 

T HE National Academy of Sciences 
and the American Philosophical So- 
ciety have chosen 37 U.S. and eight 
foreign scientists for membership. 
Among those selected by the Academy 
at its annual spring membership elec- 
tion were Paul R. Burkholder of Yale, the 


co-discoverer of chloromycetm, Ken- 
neth S. Pitzer, lesearch dnectoi of the 
Atomic Eneigy Commission, and John 
L Savage who, as chief designei of the 
Bureau of Reclamation, has designed 
moie laige dams than any othei man in 
histoiy. P. A. M. Duac, the Cambudge 
Univeisity mathematical physicist, and 
Hideki Yukawa, the Japanese physicist 
who foiecast the discovery of the meson 
and is cunently a visiting piofessor at 
Columbia University, were named for- 
eign associates. Altogether the Academy 
voted m 30 new American and seven 
foieign members. 

The American Philosophical Society, 
which includes representatives of the ai ts 
and letters as well as sciences, elected 
several new scientific members. These 
include Sauncleis MacLane, Univeisity 
of Chicago mathematician, the only 
person elected to both the Academy and 
the Philosophical Society, E. U. Condon, 
dnector of the National Buieau of 
Standards; and Max von Laue, the Ger- 
man physicist. 

Foundations 

A T least 899 private foundations are 
- operating in the U.S , according to 
the most complete survey yet made. The 
survey, piepared by Wilma S. Rich and 
Neva R. Deardorff of the Raymond Rich 
Associates, is published under die title 
American Foundations and Their Fields. 

Most important from the standpoint of 
science are about 100 foundations— 
nearly half of all giant-makmg institu- 
tions— that furnish money grants to other 
agencies to carry on research in the 
natural and social sciences. A smaller 
group of foundations give scholarships 
and fellowships to individuals, while 
others opeiate laboratories. The total 
numbei active in supporting science in 
one way or another cannot be deter- 
mined more precisely, because many 
foundations have nonspecific charters 
and shift their fields of activity fiom time 
to time. 

Detailed financial data were obtained 
fiom 240 foundations. These had capital 
assets totaling $1,539,966,000 and spent 
$56,779,000 last year foi purposes cov- 
ered by theii charters By far the hugest 
loundations were the grant-making 
agencies. Numbering only 117 out of 
the 240 that made public then financial 
reports, grant-making foundations had 
assets of $1,278,252,000 and spent 
$51,976,000. 

Nearly hall the 899 foundations cov- 
ered in the suivey publish no informa- 
tion on either their finances or their 
fields of activity. Their silence, the sur- 
vey points out, is endangering the tax- 
exempt status of the private foundation. 


Meeting in July 


A* 


MERICAN Society of Civil Engi- 
neers. Mexico City. July 13-15. 



by R. E. Lapp, Ph.D., Nuclear Physicist 
and Former Executive Secretary of the 
Committee on Atomic Energy, Research 
and Development Board, National Mili- 
tary Establishment. 

The author is a well-known authority 
on both the scientific and military aspects 
of atomic weapons. A member of the 
Manhattan Project during World War II, he later served with the War 
Department as technical adviser on atomic energy He has also acted as 
scientific consultant on atomic defense to the Office of Civil Defense 
Planning. 

Against an unusual background of scientific knowledge applied to military 
tactics, Doctor Lapp presents a straightforward, unemotional discussion of 
the offensive and defensive uses of atomic weapons. He evaluates the 
potentials of the atom bomb and points out the bomb’s definite limitations. 

Other subjects discussed: analysis of defenses against the atom bomb — 
radar picket fences — defensive use of rockets and jet-propelled aircraft — 
delivery problems with new long-range bombers and guided missiles — 
target cities in the United States — possible attacks on New York and 
Chicago — radiation protection and air raid shelters. 

Written for the general reader in a vigorous and interesting style, MUST 
WE HIDE? clarifies much of the confusion that has surrounded this 
enormous problem. 
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CANCER 

CAN STRIKE ANYONE 

Give and keep giving to help science 
defeat the disease that strikes, on the 
average, one out of every two homes in 
America Say to yourself . . . here is 
life-giving money to help those stricken 
by Cancer to live again . 

EVERY NICKEL AND DIME 1 give 
helps support an educational program 
teaching new thousands how to recog- 
nize Cancer and what to do about it. 

EVERY QUARTER 1 give helps set up 
and equip new research laboratories 
where scientists are dedicating their 
lives to End the cause — and cure of 
Cancer. 

EVERY DOLLAR 1 send helps buy new 
equipment, helps establish new facilities 
for treating and curing Cancer, both 
still pitifully scarce in this country . . . 
Guard those you love! Give to conquer 
Cancer! 

JUST MAIL IT TO “CANCER” 

Give as generously as you can 
— today. Just mail your check 
or money order in an envelope 
addressed to “Cancer 1 ". Your 
local -post office will deliver it 
to the American Cancer So- 
ciety office in your state. 

AMERICAN CANCER SOCIETY 
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TEMPERATURE 

PHYSICS 


At normal temperatures matter is in ceaseless thermal motion. 
Physicists have accordingly reduced it almost to absolute zero 
to expose some subtle properties that are otherwise obscured 

by Harry M. Davis 


I T was quitting time at the National 
Bureau of Standards. Most of the 
technicians were joining their car 
pools to enter the stream oi traffic on 
Connecticut Avenue, but m the low- 
temperature laboratory a fresh batch 
of the coldest fluid was ready to be 
siphoned from Russell Scott’s home- 
made helium liquefier. It was J. R. 
Pellam’s turn to draw the piecious re- 
frigerated liquid, and dinner could wait. 
As he set the vacuum-insulated flask 
of liquid helium carefully inside another 
vacuum-msulated flask of liquid oxy- 
gen, connected the vapoi -pressure 
thermometer and adjusted a clamp on 
the hose to die vacuum line, Pellam 
made a remaik that explained much of 
the fascination that low-temperature 
physics, or cryogenics, has for its 
workers. “We are beginning to learn,” he 
said, “what lies beyond the theimal 
chaos,” 

Thermal chaos is more than a figure of 
speech. It is the random movement of 
molecules in every substance we touch, 
in die air around us, in our very proto- 
plasm. It is thermal chaos, in fact, that 
makes life possible. Without it molecules 
could not collide and interact m the 
ceaseless round of metabolism. 

One of the greatest discoveries of the 
19th century was diat heat was not a 
“subtle fluid,” as earlier philosophers 
had thought, but a condition of matter. 
In England, where thermal chaos was 
first harnessed to drive the steam engine, 
scientists began to pronounce in their 
lectures that **heat is a mode of motion,” 
It was a triumph of dris period that the 
laws of the pressure, the volume and 


the tempera tui e of gases could be drawn 
from the statistics of vast numbers of 
particles moving and colliding in a for- 
tuitous fashion The totality of their 
impacts pushed the moving piston, the 
totality of their kinetic energies was 
their content of heal, 

Noimally we expen ence the smooth, 
regular result of the law of aveiages 
working over enormous populations of 
moving molecules. We have the steady 
reading of a thermometer, die smooth 
spinning of a steam tuibine, the definite 
speed of sound m air of a given tempera- 
ture. Under certain conditions, however, 
the thermal chaos can be seen and heard. 
It can he seen in the microscope, under 
which, as the British botanist Robeit 
Brown observed more than a century 
ago, tiny particles are never entirely 
still. Browns name is perpetuated m this 
Biownian movement. 

It is easier to listen to thermal chaos. 
The only necessary apparatus is a ladio 
set. The noise heard when the set is not 
tuned to a station and the volume is 
turned up is nothing but die amplified 
effect of electrons boiling at random in 
the thermionic tubes. In fact, die thermal 
agitation that the power engineer defines 
as heat has a less Battering definition in 
the vocabulary of the communication en- 
gineer. It is “pure noise,” the frustrating 
factor that limits the sensitivity of a re- 
ceiver, since more amplification will 
build up the set’s own electronic noise 
as much as the incoming signal. One of 
the practical applications that can now 
be envisaged Rom low-temperature re- 
search is the use of a refrigerated crystal, 
free of internal noise, to pick up radio 


signals far f am lei than die thieshold of 
a healed radio tube. 

Accepting the fact that matter at 
familiar tempeiatuies is in a state of 
thermal chaos, there arc two ways of 
bringing order out of it. The usual way 
is to deal with vast molecular popula- 
tions, where die laws of probability woik 
out so that individual fluctuations are 
not noticeable. This, perfoice, will con- 
tinue to be the usual way of doing busi- 
ness with nature. The other way, which 
is pursued m ciyogenic laboratories, is to 
lemove as much as possible of the en- 
eigy of motion, silence the “pure noise” 
of random movement, and see what hap- 
pens when matter approaches utter 
stillness. 

We shall see that below the tempera- 
tines of thermal chaos matter behaves 
m strange and excitingly different ways, 
exhibiting novel responses to the stimuli 
of electricity, magnetism and heat. 
There are superconductors of electricity, 
screens against magnetism, new forms of 
wave motion, and, m the case of helium, 
a “fourth state of matter” which cannot 
be strictly defined as either a liquid, a 
solid or a gas. These odd phenomena 
have made low temperatures one of die 
most fascinating frontieis of current 
physical research. 

Most U.S. woik at this frontier is 
sponsored by the Office of Naval Re- 
search, die scientific administrators of 
which have not demanded immediate 
practical results, military or otherwise. It 
is enough for them that there is knowl- 
edge to be gamed that will lead to a 
better understanding of metals, crystals, 
liquids and gases, of electrical resistance 



and induction, of electrical conductors, 
semiconductors and superconductors 
Asked about the usefulness of it all, they 
will refei to the classical cliche, “What 
good is a newborn baby?” 

Low Temperatures in Industry 

We might fiist examine some of the 
baby's older brothers, earlier progeny 
of low-tempeiatuie research that have 
grown to healthy maturity On the long 
road from zero degrees Centigiade (the 
heezing point of water) to zeio degiees 
Kelvin (“absolute zero/' 273.16 degrees 
lower), low-tempeiature lesearch has 
bi ought about such things as household 
refrigeration and the mass production 
of pure oxygen and mtiogen from 
liquid an 

Liquid oxygen represents the nearest 
large-scale commercial approach to the 
tempeiatures of the ciyogenic labora- 
tory. Its temperature is not fai above the 
laboratory lange. At atmospheric pres- 
sure oxygen's boiling point is —182.97 
degrees C., only 90.19 degrees above 
absolute zero. 

When the first detectable mists of 
liquid oxygen were obtained m 1 877, it 
could haidly have been predicted that 
the product would be distributed m 
tank-car loads for use in oxyacetylene 
torches; or that “lox,” as the aviators 
have abbreviated it, would permit the 
fast burning of fuel in the first long- 
range rocket, the V-2, and the fiist super- 
sonic airplane, the X-l The Linde Air 
Products Company, pioneci producer of 
liquid oxygen, began by shipping oxygen 
as a gas under a pressure of 2,200 
pounds pei square mch, and still does 
so to smaller users. For biggei custom- 
ers, it ships liquid oxygen at —182.97 
degiees C. (or —297 degrees on the 
Fahrenheit scale more familiar to indus- 
try). A single tank car cames as much 
oxygen as 11 freight-cai loads of the 
pressurized gas cylinders. 

The big prospect of the air-liquefac- 
tion industiy lies in the possible use 
•of moderately puie oxygen, or oxygen- 
enriched air, to speed up combustion 
in industry, notably in the making of 
steel. Four fifths of air is inert nitrogen, 
and this natural mixture can stand arti- 
ficial improvement for the purposes of 
combustion. The production of oxygen 
f l om the ail , of course, leaves four times 
as much nitrogen as a by-product, and 
commercial applications for the latter 
are being sought. 

One such application is for assembling 
products where a tight fit is needed. A 
common method is expansion fitting, 
similar to the housewife's trick of putting 
a tight jar under hot water to expand 
and loosen the cap. The outside member 
is expanded by heat and shrinks back 
tightly on the inside part as it cools. The 
use of liquid nitrogen, which will quickly 
chill a piece of metal to —320 degrees 


F., makes it possible to shiink the inside 
member fiist, put it in place, and let it 
expand to a tight fit as it returns to room 
temperature. Liquid oxygen has been 
used for shi inking, but it creates an ex- 
plosion hazard in the atmosphere. Liquid 
air has the same disadvantage because 
the nitrogen boils off first, leaving liquid 
oxygen again. 

Liquid an, liquid oxygen and bquid 
nitrogen have thus earned then* keep. 
They are also important as auxiliaries 
m reaching the temp ei atui es of liquid 
hydrogen and liquid helium, either to 
chill them or to interpose an insulating 
barrier between them and the outside 
an* In the history of cryogenics, their 
liquefaction seived as milestones along 
the load toward the still unattamed 
and probably unattainable goal of abso- 
lute zeio. 


The Absolute Scale 

Thus far we have used, in about the 
manner they are normally employed in 
science and industry, thiee different 
scales of temperature and three diffeient 
definitions of zero. The three scales more 
or less reflect the history of man's un- 
derstanding of heat and cold. Gabiiel 
Daniel Fahrenheit, the Geiman physicist 
who made his living m England and 
Holland by manufacturing meteorologi- 
cal instiuments, set zero at the lowest 
temperatuie he could obtain by a freez- 
ing mixture. On this scale, “absolute 
zero” is —459.6 degrees F. In 1742, 
six years after Fahrenheit's death, the 
Swedish astronomer Anders Celsius pro- 
posed a scale with the freezing point of 
water at atmospheric pressure as zero 
and its boiling point as 100. This scale, 
usually called Centigrade, was officially 
renamed the Celsius scale last year by 
the Ninth International Conference on 
Weights and Measures in Paris. Since 
the abbreviation C. is j retained, the 
change is not momentous. On the Centi- 
grade or Celsius scale, absolute zero is 
—273.16 degiees C. 

Both the Fahienheit and Celsius 
scales are essentially arbitrary, like the 
pound, the kilogram, the meter or the 
mile. In 1848, with the increasing ther- 
modynamic sophistication of science, 
the great Lord Kelvin proposed his “ab- 
solute” scale. Tliis retained the Celsius 
degree but shifted zero to its location in 
natuie. Absolute zero is by definition 
zero degrees Kelvin, and degrees K. will 
be used henceforth in this article. 

No one has ever reached absolute 
zero, and it may be stated with a fair 
degree of confidence that no one ever 
will. The argument for this is analogous 
to the indeterminacy principle encoun- 
tered elsewhere in physics In order to 
measure the temperature of a substance, 
some energy must be exchanged be- 
tween the substance and its environ- 
ment. The moment we have energy, 
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THERMOMETER of significant 
temperatures in physics is plotted by 
logarithmic scale to show the detail 
of the regions close to absolute zero. 
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THE ENGLISH were among tlie pioneers of low-temperature physics* This 
photograph, from David Shoenberg of the Royal Society Mond Laboratory 
at Cambridge University, shows Sir James Dewar, liqueiier of hydrogen. 



THE RUSSIANS have been active in the field. The Soviet physicist Peter 
ivapitza built the first helium-engine type of cryostat. In this picture the 
engme is at the left. In it the helium cools itself by pushing a piston. 
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however, we aie not at absolute zero 
The term implies the absence oi thermal 
eneigy. Another argument is that the 
pioblems oi heat removal increase as we 
get closer to absolute zero It is not ter- 
ribly difficult to cool oxygen hom its 
room temperatuie of about 300 degrees 
K. to its boiling point of 90 degiees. It 
is a good deal harder to get to the hydro- 
gen boiling level of 20 degrees. It takes 
much more eflort to attain the liquid- 
helium level of 4.2 degrees at atmos- 
pheric pressure, or 1 degree in a good 
vacuum. It requires additional magnetic 
apparatus to chill the helium to .01 oi 
.001 degiee. Physicists are still ponder- 
ing the pioblem of magnetically lining 
up the nuclei oi atoms to get to the 
millionth-of- a- degiee range. As for 
closer approaches to the goal of absolute 
zero, the obstacles appear to be absolute- 
ly infinite. 

This ultimate barrier does not deter 
low-temperature investigators any more 
than the infinite distances of the uni- 
verse intimidate astronomers. The low- 
temperatuie woikeis have an advantage. 
Fiom the properties of matter which are 
dependent on temper ature, they know 
at least where their limit lies. 

Descending the Scale 

The chronology of mans descent into 
the depths of temperatuie goes back to 
the latter part of the 18th ccntuiy. The 
issue then was not low temperature as 
such, but the question of whether all 
gases could be liquefied. Some experi- 
menters used pressure, otheis used cool- 
ing, others used both. Ammonia gas was 
liquefied m 1798 Then, at the Royal 
Institution m London, Michael Faraday 
turned his experimental genius to the 
problem, and m rapid succession lique- 
fied chlorine, carbon dioxide, nitrous 
oxide and other compounds. By 1835 the 
Fieneh chemist C. Thilorier had pro- 
duced solid carbon dioxide, the "dry ice” 
of today. 

But t ly as they might— and they tried 
mightily by squeezing gases with pres- 
sures of hundreds and even thousands of 
atmospheres — the early experimenters 
could not liquefy the thiee most com- 
mon gases: oxygen, hydiogen and nitio- 
gen. These became known as “permanent 
gases,” appaiently resisting the law that 
any kind of matter could be found in the 
three states of solid, liquid, and gas. 
Not until 1869 was it realized that each 
gas has its critical temperature, above 
which no amount of pressure will reduce 
it to a liquid. For the three gases men- 
tioned, the critical temperatures are now 
known to be: 

Oxygen 154.4 degrees K. 

Nitrogen 126.1 degrees K. 

Hydrogen 33.3 degrees K. 

Note that these are the temperatures 
at which liquefaction will occur under 








compression At atmosphene piessmc tlie 
coi responding tempeiatuies aie lowei. 

Oxygen 90 1 degrees K. 

Nitiogen 77.3 degrees K 

Hydrogen 20 4 degrees K 

To make this list of low-temperature 
gases complete we may push ahead of 
our narrative to the discovery of helium 
m the sun, its extraction horn rocks and 
gas wells on the earth, and its liquefac- 
tion at a cntical pressuie at 5.2 degrees, 
and at atmospheric pressure at 4.2 
degiees. 

The liquefaction was achieved m the 
order of descending temper atm es. Oxy- 
gen was liquefied in 1877, nitrogen m 
1883, hydiogen m 1898. One thing had 
led to another physically as well as 
chronologically, for the expenmenteis 
geneially employed one liquefied gas to 
cool the next. It was with the aid of 
liquid air that in 1898 Sir James Dewar 
brought hydrogen to the temper atui e 
from which it could be further cooled to 
its liquefaction. Thus by the end of the 
19th century all the “permanent” gases 
had been liquefied, 

The 20th-century interest m these 
gases has largely passed from physics to 
industry. The applications of liquid oxy- 
gen and nitiogen have already been dis- 
cussed. Liquid hydiogen may also have 
an important future, if expenments at 
Ohio State University point the way to 
mterplanetaiy rocket propulsion. A 
miniature rocket engine has been lim- 
ning there, fueled by liquid hydiogen 
burned by liquid oxygen. This combina- 
tion yields the highest exhaust velocity 
vet attained. 

The man who fiist liquefied hydiogen 
also invented a device used m every 
cryogenic laboratory. The Dewar flask, 
oi, to use the common noun, the dewar, 
is the laboratory counterpart of the 
Thermos bottle. The double thickness 
of silvered glass enfolding a vacuum pre- 
vents the tiansfer of heat, thus keeping 
coffee hot and hydrogen cold. Modern 
laboratories usually employ a double 
dewar: a dewai filled with liquid helium 
immeised m a dewar filled with liquid 
hydrogen or liquid air. In such an ar- 
rangement the bainers to heat conduc- 
tion, reading from the liquid helium out- 
ward, are: glass, silver, vacuum, silver, 
glass, liquid an* or hydrogen, glass, silver, 
vacuum, silver, glass. 

The story of modern research at the 
lowest possible temperatuies is the story 
of helium, first discovered on earth at 
the end of the 19th century. At the cele- 
biated cryogenics laboratory of the Uni- 
versity of Leiden, run for many years 
under tlie benevolent Dutch dictatorship 
of Heike Kamerlingh Onnes, helium was 
reduced to the liquid form for the first 
time on July 10, 1908. It was the last of 
the gases to yield to man-made cold. By 
pumping vapor away from the surface 
of liquid helium, thus cooling the latter 


bv evapoiation, Kamerlmgh Onnes even- 
tually leached a temperature within .7 
degiee of absolute zero. This is still 
about the lowest that can be attained 
without resort to the newer techniques 
that will he descubed piesently. 

Methods of Chilling 

Theie are a number of wavs of achiev- 
ing low tempeiatures, and these may be 
used m vaiious combinations. Fiist 
there is the refngei ation cycle of the 
household lefngeiator. a vapor is com- 
pressed by a pump and cooled by circu- 
lating water, to which it yields its heat. 
This condenses the vapor into a liquid 
which is allowed to evaporate again, le- 
moving heat from the interior of the 
lefngerator. The method does not suffice 
to reach tiuly low temperatures. 

One of the classical methods is a sim- 
ple sequence of compression, heat ex- 
change, and expansion. The gas to be 
cooled is compressed by a pump, a 
process which causes it to get warmer. 
The ad<Jed heat is removed by passing 
the gas through a pipe sui rounded by 
another pipe containing a colder liquid. 
In making liquid air, for example, the 
cooling may be done by water, m making 
liquid hydiogen, the cooling may be 
done by liquid air, and m making liquid 
helium, the cooling may be done by 
liquid hydrogen. The compressed and 
cooled gas is now allowed to expand 
tlnougli a nanow oiifice, which cools it 
even more. 

This cooling by expansion was first 
proposed by the Biitish physicists James 
Prescott Joule and William Thomson, 
later Baron Kelvin of the degiee K., and 
for them it is named the Joule-Thomson 
effect. Often the gas cooled by the fore- 
going process is used to cool the in- 
coming gas, so as the process goes along 
the gas gets colder and colder until it 
finally liquefies. In the case of helium 
the Joule-Thomson effect operates only 
after the gas has been cooled to the 
tempeiature of liquid hydrogen. 

Another method, theoretically obvious 
long ago but only recently applied on a 
major scale, is to allow helium to drive 
an engine so that it gives up its thermal 
energy in mechanical motion. Helium at 
room temperature is something like 
steam far above the boiling point of 
water. Under the right conditions it will 
drive a small version of a steam engine, 
and just as the spent steam turns to 
water the exhaust helium turns to liquid. 
All this is easier said than done because 
no lubricant will serve to ease friction 
at the temperature of liquefying helium, 
and the engine must be built with such 
close mechanical tolerances that only a 
thin stream of hehum gas will escape 
between the piston rings and the cylin- 
der wall. 

Peter Kapitza, the Russian physicist 
who is now presumably engaged in 


atomic research, developed such a 
helium engine while working m England 
before the war He chilled helium to the 
temperature of liquid air and lan it 
through a one-cylinder engine from 
which it emerged as a liquid. C. T. Lane 
of Yale University built a similai ap- 
paratus, thus establishing one of the 
first few laboratories m the Western 
Hemispheie capable of working with 
liquid helium. E F. Burton of the Um- 
veisity of Toionto and W F. Giauque of 
the Univeisitv of Calif orma had earliei 
used other methods of attaining such 
temperatures. 

Until only a few years ago every low- 
temperatuie laboratory had to build its 
own low-temperature apparatus. The re- 
search worker had to be a first-class 
refrigeration engineer, one result being 
that every cryogenic apparatus was 
unique. Another lesult was that there 
were few cryogenic laboi atones. The 
situation has changed with the develop- 
ment of a helium-engine type of ap- 
paratus by S. C. Collms of die Massa- 
chusetts Institute of Technology. It is a 
two-cylinder engine, with the cylinders 
ai ranged so that the cold exhaust gas of 
one cools the intake gas of the other. 
With this appaiatus, and without the 
assistance of intermediate coolants such 
as liquid hydrogen or liquid air, it is 
possible to pioceed directly fiom the 
temperature of cold tap watei to that of 
liquid helium. The helium is com- 
pressed in powerful compiessois, cooled 
by water and sent through the two-stage 
engine. 

An ex-student and co-worker of Col- 
lins, D. O. McMahon, left M.LT. to join 
the laboratones of Arthur D. Little, Inc., 
a few blocks up Memorial Drive in Cam- 
bridge. There, in addition to cairying on 
low-temperature research of his own, 
McMahon has put the Collins Helium 
Cryostat into what, for this field, can be 
regarded as mass production. Nineteen 
of the machines have already been 
shipped to laboratories all over the coun- 
try. The Naval Research Laboi atory 
alone has three. This means that a 
physics laboratoiy, having decided to go 
into low-temperature lesearch, does not 
have to wait a year or two until its 
physicists build a cxyogenic apparatus 
and perfect it. At a cost of about 
$22,000, the laboratory can he in busi- 
ness almost immediately. Collins is now 
building a gigantic cryogenic apparatus 
for himself, about which workers in other 
laboratories speak with awe. The rumor 
is that it will provide a working space, 
all at the temperature of liquid helium, 
as big as a large refrigerator. 

The Properties of Helium 

Hehum might be called the “less” gas. 
It is colorless, odorless, tasteless, and so 
nearly weightless that its principal use 
is for the inflation of balloons. Hydrogen 
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is even lighter, but hydrogen burns, as it 
did m the Graf Zeppelin. Helium is one 
of the 41 noble” gases, it disdains to react 
with other elements It was first discov- 
eied m the spectrum of the sun, where 
it is believed to be the final inert prod- 
uct of the nuclear reaction which is the 
source of the suns ladiant energy On 
earth it is created by the ladioactive 
breakdown of heavy elements such as 
uianium and radium. Then* alpha rays 
are the nuclei of helium atoms, consist- 
ing of a family of two protons and two 
neutrons. These particles capture a pair 
of elections as satellites and become 
helium atoms Nuclear physicists some- 
times reverse the process, stripping 
away the elections to use the alpha pai- 
ticles as piojectiles m such machines as 
the cyclotron. 

On the current frontiei of cryogenic 
research, helium plays a dual role. As a 
liquid, it is a curious and fascinating 
substance that is occupying the full at- 
tention of many experimenters and 
theorists. As a cold liquid bath, it causes 
substances immeised m it to exhibit the 
curious and fascinating properties of all 
matter shorn of most of its thermal chaos. 

The fascination of liquid helium itself 
derives from phenomena that occur 
when its temperature is reduced to 2.19 
degrees K. Picture a dewar of freshly 
made liquid helium inside a dewar of 
liquid ail*. There are nairow vertical 
slits of unsilveied glass on both dewars, 
and when they are turned to coincide, a 
window is formed through which the 
experimenter obseives the liquid. Both 
the liquid au* and the liquid helium, 
frigid though they be, are boiling just 
as water boils in a teakettle at 373.1 de- 
giees K. The air bubbles are large; the 
helium bubbles are small. The outside 
dewar of liquid air is vented, keeping 
it safely at atmospheric pressure. The 
inside dewar of liquid helium is con- 
nected to a vacuum line which draws o£E 
the vapor so that the remaining liquid 
will get still colder. 

As the helium reaches 2.19 degrees, 
the boiling seems suddenly to stop The 
surface is as smooth as glass, although 
jellylike ripples may run across it. Its 
temperature continues to drop. Vapor 
is still formed and drawn away, but it 
escapes without noticeably ruffling the 
surface. The helium has evidently en- 
tered a new state. Because of many 
other curious properties, it has been 
given the name helium II. 

Is it still a liquid? Liquids have vis- 
cosity, and in some respects helium II 
has none. It flows through the narrowest 
of orifices. Low-temperature workers 
were annoyed by the difficulty of mak- 
ing leakproof containers for it until they 
realized that this was demonstrating a 
new kind of matter. 

Is it a gas? Helium II atoms are more 
mobile than the atoms and molecules of 
gases. But they obey the law of gravity 


as a liquid does, lemammg at the bot- 
tom ol containers. They also form a sur- 
face which will seek its own level more 
diligently than water 

Is it a solid? One would expect that 
if a substance liquefies at 4.2 degiees 
and undeigoes another change of state 
at 2.19 degrees, the second change 
would be freezing. In fact, when this 
state was discoveied theie were attempts 
to show that it was some kind ol crystal- 
line army. There is no solid as agile as 
helium II; it flows, pouis or dances 
through the narrowest cievice. Besides, 
theie is a solid helium. While it cannot 
be obtained under atmospheric pres- 
sure with the lowest tempciatures yet 
leached, it has been obtained by build- 
ing up the pies sure to 25 times that of 
the atmospheie. 

Physicists have worked out a diagram 
of the states of cold helium that may be 
seen at the top of page 36. Because the 
intersection of two of the lines on the 
graph is reminiscent of the shape of a 
slightly tilted Greek letter A., or lambda, 
cryogenics has adopted the term “lamb- 
da point” foi the transition to helium II. 

If the journey past the lambda point 
does not take us to a solid, a liquid, or 
a gas, what is helium II? Physicists have 
been driven to calling it “the fourth state 
of matter.” Some of them describe it as 
“the quantum fluid,” of which moie 
later. The phenomena that ui gently le- 
qune explanation are “the creeping 
film,” “the fountain effect” and “second 
sound.” 

Let us begin with the case of the 
creeping film. II the bottom of a small 
vessel is placed in helium II, an unlikely 
thing happens. The liquid helium climbs 
up the sides of the vessel and fills it 
to the same level as the surrounding sur- 
face. If the vessel is then lifted, the 
helium climbs back over the edge and 
down to the surface again. Water or any 
other well-behaved liquid will, ol course, 
find its level but such liquids need a pipe 
or a primed siphon. In some peculiar 
way helium II gets around on its own. 

The fountain effect occurs when a ves- 
sel which narrows to fine tubes at top 
and bottom is lowered into helium II. 
Sometimes the bottom of the tube is 
filled with finely ground powder. Helium 
II infiltrates the lower tube with ease If 
the vessel is then warmed by light, 
helium will spuit through the upper tube 
m a spectacular fountain, 

Second sound is related to the fact 
that helium II is a superlative conductor 
of heat. Warm one end of a vessel, and 
a pulse of heat will be quickly conveyed 
to the other end. This phenomenon 
might be described as a heat wave 
propagated quickly through the coldest 
kind of matter. Because it is analogous 
to the pressure waves of sound, the Rus- 
sian physicists who first discovered the 
phenomenon in Moscow near the end of 
the wax called it second sound. Its ex- 


istence, which had been piedicted by 
both Russian and Amencan physicists, 
was soon confirmed by Lane at Yale. 
The phenomenon is now being studied 
intensively m many laboratories. Pellam, 
for example, sends pulses of heat 
thiough helium II at diffeient tempeia- 
tures, and by electiomc methods has 
displayed the lapse of time between the 
transmitted and received temperatuie 
signal on a catliode-iay tube. 

In cryogenics, unlike other branches 
of physics, theie appeals to be a free 
exchange of information among nations. 
U S. low-temperatiu e workers keep a 
close watch on the Russian journals. A 
typical U.S paper m low-tempei ature 
physics will beai footnote refeiences to 
“J. Phys. U S S.R.,” citing the theories 
and expenments ol Kapitza, Landau, 
Peslikov and Andronikasvilli. In this 
coldest of all scientific disciplines, the 
cold war is dnected against the seciets 
of nature. 

One of the most revealing eccentiici- 
ties of helium II was predicted by Lan- 
dau and m 1946 was observed by 
Andionikas villi. His expci iment was to 
rotate a vessel of chilled helium and to 
me asm e its inertia. As the temperature 
dropped below the lambda point, the 
vessel's resistance to acceleration rapidly 
decreased. The only explanation was 
that a considerable number of the atoms 
m the helium II wcic not participating 
in the rotation. This component, as Col- 
lins puts it in a recent survey, “does not 
take part m the rotary motion, but glides 
through the interpenetrating atmosphere 
of normal helium atoms without fric- 
tion.” It is a though a man m a tightly 
packed crowd could remain motionless 
while the crowd surged past him. 

What is the explanation for these 
strange occuiiences m helium II? Phys- 
icists have adopted the concept that, 
even at a degiee or two above absolute 
zero, an increasing proportion of the 
helium atoms drop to a “zero eneigy 
state.” It is here that the concept of the 
quantum fluid is necessaiy. The quan- 
tum theoiy slates that the energy of an 
atom cannot be gained or lost continu- 
ously but must come m certain pre- 
scribed amounts. A graph showing the 
loss of energy with temperature would 
be a senes of steps rather than a smooth 
curve. At ordinary temperatuies the steps 
are so small in proportion to the total 
thermal energy that the individual atom- 
ic quanta do not mar the smoothness of 
the curve. At a degree or so above abso- 
lute zero, however, we are on the last 
few steps from the bottom of the stair- 
case. If more energy is withdrawn, it is 
no longer possible for all of the atoms 
to shift to lower levels while maintain- 
ing a normal “probability distribution.” 
Some of the atoms on the step next to 
the bottom will lose all their remaining 
thermal energy with the emission of a 
single quantum. They will drop to the 


34 




LIQUEFACTION of air was accomplished in early ap- 
paratus (A) by compressing it to 150 atmospheres, al- 
lowing it to expand through a nozzle, and circulating 
the gas thus cooled around the incoming gas. The latter 



LIQUID HELIUM behaves strangely when it is cooled travels may he measured by timing its arrival at the top 

to 2.19 degrees K. If a vessel is lowered into it (A) , the wire on a glass bulb (C). If Jielium is allowed to enter 

helium climbs in. If the vessel is lifted out of it (B) , the a fine tube at the bottom of another vessel (D) , it will 

helium climbs out. The speed with which this film spurt from the tube at the top when light is shined on it. 


was then made progressively colder until it liquefied. 
Lower temperatures of liquid hydrogen and helium 
were attained by the same means (B and C) except that 
gas was circulated through another gas already liquefied. 
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PHASE DIAGRAM of helium shows the relationship of helium II to the 
usual three phases of an element: gas, liquid and solid. The transition from 
helium I to helium II is called the lambda poixit because the intersection of 
line AB with otlieis is roughly comparable to the Greek letter or land) da. 



LOWEST TEMPERATURES are attained by suspending a certain salt in a 
container of liquid helium between the poles of a magnet. Helium gas is first 
allowed into vacuum chamber to cool salt* Gas is removed and salt is 
further cooled when magnet lines up molecules and stills thermal motion. 


“cnound state,” while the others remain 

o 

one, two, or more steps up 

These giound-state atoms are pre- 
sumably responsible loi the many foibles 
of helium II. The coldei the helium, the 
more of its atoms will be m the ground 
state Thus there is a mixture of two 
fluids, a normal fluid and a “superfluid,” 
which do not intei act with each other 
except that with the loss 01 gam of heat 
an atom can go from one state to the 
othei 

The giound-state or supei fluid atoms 
aie believed to remain aloof when a ves- 
sel of helium II is lotated. It is they 
that find their way thiough the narrow- 
est crevices, that cieep up the walls of 
containers. The * fountain effect may 
occur on a one-way stieet policed by a 
land of quantum traffic cop. The giound- 
state atoms proceed thiough the narrow 
channel, and at the fai end are warmed 
by an outside souice of energy. This 
laises them to a normal state in which 
they cannot get back thiough the nai- 
row entrance. Meanwhile moie ground- 
state atoms aie coming in, with the re- 
sult that enough pressuie might be built 
up to create a fountain 

Second sound is likewise explained by 
the transformation of giound-state atoms 
outwaid from the source of heat in a soit 
ol wave front. The ground-state atoms 
move back to replace those that have 
been heated. Then they slide through 
the normal atoms without friction. 

These are the somewhat ciude visuali- 
zations of a theory based on quantum- 
mechanical mathematics. The tlieoiy 
was derived by Laszlo Tisza of M.I.T. 
and Fritz London of Duke University 
hom a mathematical generalization of 
Albert Einstein and the Indian physicist 
S N. Bose. The “Bose-Einstem sta- 
tistics,” the explanation of which is be- 
yond the scope ol this aiticle, were 
expected to apply to the abundant iso- 
tope of helium which has an atomic 
weight of 4, but not to the raie isotope 
which has an atomic weight of 3. The 
theorists predicted that if a supply of 
He :{ became available, it would not en- 
ter the quantum-fluid condition at low 
temperature. In other words, experimen- 
talists could expect no He 3 II. 

Several groups have theiefore at- 
tempted to achieve the sepaiation of 
helium 3 by means of the fountain effect 
and similar processes depending on 
supei fluidity. At Ohio State and Yale a 
concenti ation of helium 3 was ol) tamed 
by utilizing the fact, that it did not act 
as a superfluid below the lambda-pomt 
temperature for ordinary helium. 

Meanwhile the powerful devices at 
the disposal of the Atomic Energy Com- 
mission were put to work on the prob- 
lem. In the nuclear reactor, hydrogen 3, 
or tritium, was being made by trans- 
mutation As it decayed by radioactivity 
it turned into helium 3. With this first 
pure supply of the rare helium isotope, 
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the customary tests lor a supeilhucl were 
re-enacted. 

Befoie levealmg the denouement to 
those readers who did not read it m The 
Physical Review or m the lepoits which 
appealed m some newspapers and maga- 
zines, the suspense may be heightened 
by pointing out that this was to be the 
crucial test of the London-Tisza, or 
“American,” theory ot supei fluidity as 
opposed to that ot Landau m Moscow. 
Both theones had accounted m different 
ways for phenomena observed up to that 
time, and both had scored successful 
predictions ot earliei experimental re- 
sults. 

As lecently as August of last yeai 
Tisza, writing m Physics Today , said: 
“If the Bose-Emstem statistics is essen- 
tial for the superfluidity of the abundant 
isotope He 4 , then He' 5 should be not 
superfluid. . . . On the other hand, ac- 
cording to the other theories, no essen- 
tial difference can be expected for the 
two isotopes.” 

Tisza concluded: “If the separation of 
He 3 in sizable amounts is indeed pos- 
sible, the study of this substance would 
be of considerable interest. It would be 
the only case where two stable isotopes 
have radically different properties. It 
seems very likely that He* 5 cannot exist 
in the liquid state at all. Such a liquid 
should have a vanishing dynamic vis- 
cosity and a high kinetic viscosity. 
Either we will have a liquid of entirely 
unheai d-of properties, or the system will 
avoid the dilemma of the large and small 
viscosities by not liquefying at all, but 
will either ireeze or lather stay a gas at 
vanishing pressure and temperature. It 
is to be hoped that the experimental 
decision of this question will be forth- 
coming before long.” 

The experimental decision came from 
die laboratories of the AEC at Los Ala- 
mos in Januaiy, 1Q49. S, G. Sydoriak, 
E. R. Grilly and E. F. Hammel showed 
that helium 3 does become a liquid, at 
3.2 degiees. In March, however, D W. 
Osborne, B. Wemstock and B. M. Abra- 
ham of the Argonne National Laboratory 
announced that helium 3 does not pass 
over to a superfluid in the same manner 
as helium 4, even when it is cooled to 
1.05 degrees. Thus the principal London- 
Tisza prediction of the differences be- 
tween the two isotopes was borne out. 
Tisza's further prediction that helium 3 
would not liquefy at all was obviously 
not. Whether liquid helium 3 will have 
“entirely unheard-of properties,” open- 
ing a new vista of research as absorbing 
as that of He 4 II, remains to be seen. The 
wide range of possibihties that Tisza per- 
mitted himself to suggest m advance of 
the experiment is a good index of the 
superfluid state of low-temperature 
physics. Almost anything can happen 
when helium 3 is made still colder. 
Workers outside the AEC are eagerly 
waiting their chance to try it, meanwhile 


exploiting the pioved diffeienee between 
the two isotopes to do some more effi- 
cient concentiation by the theimal 
methods available to them. Meanwhile 
the astonishing disparity between two 
substances which differ only by a single 
neution in the nucleus will give the nu- 
clear physicists something to ponder. 

Sup ere on ductivity 

Perhaps the most impressive of all 
phenomena at temperatures within a 
few degiees of absolute zero, and cer- 
tainly the most mtiigmng from the piac- 
tical engineer’s point of view, is the 
conveision of certain metals into super- 
conductors At a particular tempera tuie, 
which is difteient for each of the metals 
involved, a wne will lose all measurable 
lesistance to the flow ot electric current, 
and a sheet or disc will become an effi- 
cient scieen against magnetism. 

The fact that electrical resistance 
diops with falling temperature is no sur- 
piise. The lesistance of a wiie is gen- 
erally proportional to its temperature; 
the filament of an electric light bulb will 
allow more current to enter when it is 
fiist switched on than altei it becomes 
incandescent. This effect is put to 
work in electiic-iesistance thermometers, 
winch have been standardized for both 
high and low tempeiatures. On this prin- 
ciple, the lesistance of a wire should fall 
to zero at absolute zero, and the late of 
decrease should be gradual as the tem- 
perature drops. This is what happens 
with ihe best of normal-temperature con- 
ductors. coppei and silver. 

In the case of manv othei metals, in- 
cluding some which are poor conductors 
at ordinary temperatures, resistance 
vanishes completely at a transition point 
from a fraction of a degree to several 
degrees above absolute zero. In these 
materials, which include mercury, tin 
and lead, a current once started will con- 
tinue to flow practically forever unless 
something is done to destroy the super- 
conducting condition. 

The phenomenon is not entirely new. 
Kameilmgh Chines discovered it in 1911 
when he attempted to explore the lower 
end of the temperature-resistance curve. 
He tested solidified mercury m a bath of 
liquefied helium. Down to 4.3 degrees 
the mercury's resistance steadilv de- 
creased, as expected, to about one five- 
hundredth its value at the freezing point 
of water Then it suddenly dropped to 
less than a millionth of the normal value. 
Further research has shown that the 
purer the metal, the more completely 
and quickly does its resistance vanish. 

The metallic superconductors since 
identified, in addition to mercury, tin 
and lead, include aluminum, zinc, thal- 
lium, indium, tantalum, gallium, thori- 
um, titanium, columbium, vanadium, 
cadmium, zirconium, hafnium and 
lanthanum. Columbium. it was found in 


1930, leaches superconductivity at the 
lelatively high temperature of 9.22 
above absolute zero. 

Naturally such discoveiies stirred the 
hope that superconductivity might be 
applied to reduce the huge problems of 
electuc-power distribution which may 
be traced simply to electiical lesistance. 
Efforts weie made to find alloys and 
compounds in which the transition point 
would be neaier to practical tempera- 
tures. It was disappointing that most 
alloys showed a transition temperature 
even lower than those of their con- 
stituent elements. The greatest advance 
m transition temperatuie was scored 
with nitrides, cai bides and bolides of 
metals. The most successful of these is 
columbium nitride, which becomes a 
superconductor at around 15 degiees. 
This tempera hire does not necessarily 
require the use ol liquid helium; it can 
be obtained with hydiogen boiling under 
reduced piessuie. 

Columbium nitride is being studied 
intensively at Columbia Univeisity and 
at Johns Hopkins Univeisity. During 
the war Donald H. Andrews of Johns 
Hopkins cleverly applied the properties 
of the transition state to make an ex- 
tremely sensitive detector ot infraied 
radiation. In a substance just on the 
boiderline between the superconducting 
and non-superconductmg condition, a 
slight change of temperature will cause 
an enormous change in electrical re- 
sistance. The on- the- verge material is 
also extiemely sensitive to other outside 
influences of an electiomagnetic nature, 
as was discovered when the Johns Hop- 
kins superconducting bolometer began 
pouring music from a nearby radio sta- 
tion through its amplification system. 
The columbium nitride had acted as a 
detector of radio waves. It will also de- 
tect alpha rays, and steps have been 
taken to develop an extremely sensitive 
alpha detector. 

The ability to detect or rectify an 
alternating current at low temperatures 
is not confined to columbium nitride. 
F. G. Dunnington and Bernard Serin of 
Rutgers University have subjected a. 
helium- chilled tin wire to a combination 
of direct and alternating current which 
sweeps it in and out of the superconduct- 
ing state as often as the alternating 
current reverses itself. At Yale, Amherst 
College and elsewhere, currents of as- 
sorted frequencies, including the micro- 
waves that have been inherited from 
radar, are being employed to explore 
the mechanism of superconductivity. 

The key to the situation appears to be 
magnetism. Probably the most rigorous 
definition of a superconductor is not its 
lack of resistance, but die fact diat it 
is “a perfect diamagnetic.” This means 
that, in direct contrast to a piece of 
soft iron, it rejects any attempt to im- 
pose a magnetic field upon it. Lines 
of force emanating from a nearby mag- 
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net or coil, which would be diawn m 
by iron, are pushed aside by a super- 
conductor and made to detour around it. 

Perhaps the most dramatic demonstra- 
tion of this property is the floating mag- 
net. If a permanent magnet is diopped 
into a dewar containing a lead plate 
immeised in liquid helium, it will not 
fall to the plate It lemains suspended 
some distance above the superconduct- 
ing lead. Occasionally it darts fiom side 
to side, but it does not come down. 

The invisible strings controlling this 
strange marionette show are magnetic 
lmes of force aiound the supei conduct- 
ing metal in the helium bath. The ap- 
proach of the magnet generates electric 
currents in the surface of the lead plate. 
The magnetic effect of these currents 
precisely neutralizes and opposes that 
of the magnet, which has made a mir- 
ror image of itself m the suiface of the 
superconductor. 

Such curious poweis are limited. If 
the field of the magnet is strong enough, 
it will penetrate the chilled metal. This 
destroys superconductivity. The more 
the temperature drops below the transi- 
tion point, however, the more mag- 
netic force it tabes to destroy super- 
conductivity Another way of dismpting 
the superconductive state is to send a 
sufficiently stiong current through the 
metal This phenomenon is now inter- 
preted as the result of the currents 
magnetic field. The lower the tempera- 
ture m relation to its transition point, 
the more cunent the superconductor 
will be able to super conduct. 

The most interesting demonstration of 
these characteristics occurs right at or 
just below the transition point. Here an 
intermediate state exists between super- 
conduction and normal lesistance, in 
which the balance can be swung one 
wa) or the other bv small amounts of 
current It is here that some of the effects 
described earlier are achieved: the con- 
version of alternating current to direct, 
the detection of alpha radiation from a 
radioactive atom, of infrared radiation 
from a warn body, and of long- or short- 
•wave electromagnetic radiation from a 
radio station. 

What is the future of this department 
of low-temperature physics? Its workers 
believe they can learn more about the 
essential nature of electricity and mag- 
netism, the behavior of which is in some 
ways simplified by the suppression of 
random thermal noise. They are already 
beginning to examine some long-estab- 
lished notions in a different light. The 
surprising thing, says one cryogenics 
investigator, is not that metals at low, 
temperatures superconduct, but that 
those at ordinary temperatures do not. 

Air is a superconductor of radio waves; 
glass is a superconductor of light; helium 
II is a superconductor of heat. Copper 
wires at ordinary temperatures, though 
they may be regarded as good conduc- 
es 


tois by the engineer, are in a sense 
opaque to electrons. The flow of cuirent 
is impeded by friction, a good thing for 
lighting an incandescent lamp, but a bad 
thing foi getting the cunent from the 
powei plant to the lamp. The trouble is 
that the moving elections internet with 
their medium. When certain metals be- 
come sufficiently cold, the electrons stop 
mtei acting and become as fiee as the 
ground-state atoms of helium II To 
them the metal becomes transparent. 

Another view of superconduction is to 
think of eveiy atom, m its own pnvate 
sphere, as a superconductor. Electrons 
move m then orbits with no fnction, 
much as the planets circle the sun with 
no lesistance m the vacuum of space. 
In its own atomic orbit, theie is nothing 
to stand in the electron's way. A super- 
conducting piece of metal can be con- 
sidered the joining of countless atoms m 
such a mannei that each electron finds a 
superoibit, with the rules of quantum 
mechanics hairing any othei paiticle 
from trespassing upon its right of way. 

The Lowest Temperatures 

While scoies of physicists are explor- 
ing supei conductivity and helium II, 
extending the work of those who at- 
tained the temperatures of liquid helium, 
others aie venturing into the remote 
region between zero and 1 degree K. In 
the approach to absolute zeio, nature's 
opposition is fierce. A formidable tech- 
nique must be brought into play: adia- 
batic demagnetization. 

This remarkable procedure was sug- 
gested independently in 1926 by Peter 
J. W. Debye, now bead of the Cornell 
University chemistry department and no 
longer a woikei in ciyogenics, and W. F. 
Giauque, whose elegantly equipped 
laboratory at the University of California 
was the lieadquarteis of the semiannual 
conference of ONR ciyogenics con- 
tractois m February. Giauque and 
W. J. de Haas of Leiden perfected the 
method, and now most of the cryogenic 
laboratories are already using or building 
or planning the magnetic apparatus for 
getting below 1 degiee K. 

The method is skillfully based upon a 
special kind of thermal chaos: the lan- 
dom arrangement of the magnetic poles 
of individual molecules in substances 
known as paramagnetic salts. The mole- 
cules of most substances are magnetical- 
ly neutral In those we are about to 
consider, such as iron ammonium alum, 
each molecule has one spinning electron 
which is not magnetically canceled out 
by other electrons in the same molecule. 
Under ordinary conditions, these molec- 
ular magnets are distributed in such a 
way that, on the large scale, they do 
cancel each other out. A handful of the 
salt will thus exhibit no inherent mag- 
netism to an outside observer. If an out- 
side magnetic field is applied, however, 


the molecules will tend to line up like 
tiny compass needles. The legimenta- 
tion, being the antithesis of thermal 
chaos, squeezes some of the heat con- 
tent out of the salt. 

This may seem abstiuse and remote, 
but the laboratory piactice can be re- 
duced to a procedure not unlike that 
outlined m a cookbook. Put a pinch of 
the salt, or as much as a pound of it, m 
the bottom of a dewar Pour liquid 
helium over it, perhaps a quart per 
pound Allow to cool by boiling the 
helium at lowei and lower piessure, re- 
moving its vapoi with a vacuum pump, 
Obseive the lambda-point transition to 
helium II Keep the vacuum pump going 
until the tempeiatuie diops to 1 degree. 
Now apply a strong magnetic field. 
Allow lime foi the molecules to become 
fixed along the diiection ol the lines of 
foice, and for the helium II to remove 
the heat. Remove the magnetic field. 
Observe the drop m temperature. 
Repeat. 

The drop in temperatuie occuis m 
the final step ol each such piocess While 
m the legimented magnetic state, the 
salt has given out heat that the helium 
carries away. When the magnetic field 
is removed (usually by swinging the 
dewar away irom the fixed pole pieces), 
the molecules “relax," turning in all di- 
rections. This brings a concomitant drop 
m temperatuie. The salt needs heat 
energy to become disorderly, and this 
it absorbs irom the helium, thus the 
helium -salt combination cools oil during 
demagnetization. 

Depending on the strength of the mag- 
netic field, the temperatuie can he re- 
duced to .1 degree, .01 degree and even 
001 degiee. Thus powerful magnets have 
been brought mto cryogenic labor a- 
tones, just as they have been brought 
into the laboratories oi nuclear physics. 
The Naval Research Laboratory at this 
writing is installing a powei ful electro- 
magnet with a field strength of 100,000 
gauss, known as the Bitter magnet be- 
cause it was originally designed for 
spectroscopic woik by Francis Bitter 
of M.I.T. The turns of the magnetizing 
solenoid aie thick copper straps winch 
carry a current of thousands of amperes, 
aie supplied with power by a 2,000- 
kilowatt generator, and must be cooled 
with a flow of 800 gallons of water per 
minute. If the cooling- water supply 
should fail, the copper would start boil- 
ing in a few seconds. Warren E. Henry, 
a physicist trained at Tuskegee Institute 
and the University of Chicago and an 
alumnus of Collins' laboratory at M.I.T., 
expects to cool as much as a quart of 
helium to .01 degrees absolute when the 
Naval Research Laboratory apparatus 
gets going on a full scale. 

One or the things that happens at 
these temperatures is the formation, 
above the helium surface, of the world's 
most perfect vacuum. The vapor pres- 



suie of the helium drops so low that 
iheie is as much chance of an atom 
escaping into the space above the sur- 
face as theie would be of a piece of iron 
boiling out of the stiuctuie of a building 
at room tempei atuie. Air or anything else 
that possibly leaked into the dewar 
would freeze solid. In the space just 
above helium close to absolute zero, 
there is just about absolute emptiness 
In this cold, still realm, physicists are 
checking the basic concepts of thermo- 
dynamics that were set forth in the days 
when physics could only deal with the 
thermal chaos. They are giving a more 
diiect physical meaning, m terms of 
atoms and their electrons and nuclei, to 
such statistically derived words as heat, 
entropy and temperature. They may 
emerge with a new definition and a more 
accurate localization of “absolute zero/' 
Alieady there aie some who are not 
satisfied with the piospect of leaching 
.001 degiees K,, which is the most to be 
expected from regimenting and relaxing 
the spin of electrons. They are looking 
ahead to using the last conceivable re- 
source: the magnetism of atomic nuclei. 
This, according to the theoreticians, of- 
leis the possibility of temperatures that 
will not exceed absolute zero by more 
than a millionth of a degiee. 

To this wntei, the laboratory that 
best represents the varied piospects, 
abstiuse and practical, of cryogenic 
research, is that of Ohio State Univei- 
sity. For the attainment of extremely low 
temperatuies by electron demagnetiza- 
tion, a cunent-cairying coil is used to 
set up a magnetic field of 4,000 gauss. 
The coil is cooled by liquid nitrogen. 
This does not attain superconductivity, 
for which liquid-helium tempei atures 
would be needed, but it does exploit 
the normal drop of electrical resistance 
with reduced temperature. Thus the 
lowest temperatures of an earlier era of 
cryogenic research abet the attainment 
of new depths; cryogenics lowers itself 
by its bootstraps. When workers in the 
field are asked if there is any possibility 
of ever using leal superconductivity for 
the poweiful electromagnets of cryo- 
genics and nuclear physics, they will 
admit that it does not seem practical. 
But after a few moments meditation 
they are likely to remark: “Well, at Ohio 
State, you know, they’re using liquid 
nitrogen. . . ’* 


Harry M. Davis teas the author of Ra- 
dio Waves and Matter and Mathe- 
matical Machines, tohich appeared in 
past issues of this magazine. A week 
after he had completed the present ar- 
ticle , Davis was drowned in a swim- 
ming accident at Biloxi , Miss. He was 
one of the rare professional journalists 
whose reporting of science was ad- 
mired by scientists. His death is a griev- 
ous loss to the journalism of science . 



FOUNTAIN EFFECT of liquid helium is photographed in the laboratory 
of Arthur D. Little, Inc. Glass tube in center is inside Dewar flask containing 
liquid helium. Top of fountain is just visible near the top of picture. 



CREEPING FILM appears as a tiny luminous drop on the curved bottom of 
a vessel filled with liquid helium. The liquid has climbed up the inside of the 
vessel and down the outside. It climbs into an empty vessel in same maimer. 
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GREEK GUP of the Sixth Century B, C* depicts the con- the Spartan King Axkesilas (left ) , both slaves and freed- 
temporary practice of slavery. Under the direction of men weigh and bale goods meant for the export trade. 
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T HE institution of slavery lias always 
been integral to the economic sys- 
tem of which it is a part, serving 
to supply some of the labor needed m 
that paiticulai system. Fiom the stand- 
point of the useis of slave labor it has 
always had the important advantage of 
giving them a much greater control 
over the activities of the peisons work- 
ing for them as slaves than over fiee 
labor eis woiking for them under con- 
tractual anangements. Their control ovei 
their slaves was theoi etically complete, 
covering the lives, activities and pei- 
sonalities of the enslaved. Legally slaves 
were legarded as goods, like machines 
that a factory owner might buy or the 
draft animals that a taimei might em- 
ploy. In Roman legal terminology, cor- 
respondingly, a slave was classified not 
as a person but as a res , a thing. 

In the legislation set up to control 
slave systems the history of human en- 
slavement can be tiaced back to the 
earliest peiiods of wntten laws known 
to us. in Egypt, in Babylonia, and in the 
Mediterranean areas that later fell undei 
Gieek and Roman conti ol. This cames 
the system some 5,000 years back from 
the present day. One glance at the re- 
ports on slaveiy made to the League of 
Nations from 1923 onward is enough to 
prove that human enslavement is still a 
going concern. Despite the efforts of the 
majoi European countries to abolish 
the traffic in slaves and the entire piac- 
tice of enslavement, the sale, transpoit 
and use of slaves persist m the world. 

In Siam the slave syslem was abol- 
ished as late as 1905. In China a deciee 
was promulgated in 1909 officially pro- 
hibiting the piactice. In 1923 slavery 
still existed m Abyssinia. We of the U.S., 
after countenancing 85 years of Negro 
enslavement, are in no position to adopt 
an attitude of moial superiority. We 
must also remembei that our African 
waid Liberia, m its leply to a League of 
Nations mquiiy in 1924, acknowledged 
that slavery was still practiced by some 
Liberian tribes. To their reply they 
added the hope of its complete abolition 
in the near future. 

On October 22, 1948, at the Paris 
meeting of the General Assembly of the 
United Nations, the Belgians presented 
a resolution asking that a committee be 
appointed to study the problems of slav- 
ery as it still exists and to lepoit to 
the Economic and Social Council of the 
UN. The genesis of the resolution lay 
in the patent faot that remnants of the 
slave system, though scattered, are still 
to be found in our world. The long book 
of 5,000 years of human enslavement is 
not yet closed. 

Slavery as it developed in the Western 
Hemisphere has given rise to a marked 
popular misunderstanding of the history 
of the institution. This misunderstand- 
ing has surcharged our approach to slav- 
ery with emotionalism and has distorted 
its meaning in the long perspective of 


histoiy. The distortion has arisen fiom 
the fact that m both the northern and the 
southern continents of our hemisphere, 
the Indians weie unable to endure eithei 
the heat of labor m the tropics or the 
restiictions upon then liberties that re- 
sulted from reduction to slaveiv. In 
Africa, howevei, the enslavement of 
membeis of one tribe by anothei tube 
had long been customary. The use of 
African slaves was also established m 
Portugal and Spain. Because of the laboi 
demand in the Western Hemisphere and 
because of the fact that Portugal and 
Spain were alieady being supplied with 
African slaves by Portuguese traders, the 
eaily settleis of the Americas looked to 
the continent of Afuca for slave labor 
There the labor supplied them was 
alieady inured to hot and moist climatic 
conditions, and, for this reason, was 
pecuhaily adapted to their needs 

This conjunction of demand and sup- 
ply might be legarded as a historical 
accident. Yet it is this coincidence of 
conditions that has made us think of 
human slaveiy so consistently m terms of 
the Negio alone. The three and a half 
centimes of almost exclusive Negro slav- 
eiy which has been known to us, how- 
ever, is no moie than a biief chapter 
m 50 centuries of the enslavement of 
man by man. 

During the past century and a half the 
civilized woild has lightly come to le- 
gaid slavery as a degradation of human 
values and as an economic and social 
stupidity. For 3,000 years of pre- 
Christian history, on the other hand, it 
was countenanced without any ethical 
misgivings that can be detected m slave 
legislation, whether old Babylonian, old 
Hittite, Assyrian, or the Hebrew of the 
Old Testament. It is true that these pre- 
Greek peoples did not sanction the en- 
slavement of a Babylonian or an Assyrian 
by a fellow Babylonian oi a fellow 
Assyrian, and that the ancient Hebrews 
permitted only a six-year bondage of one 
Hebrew to another. This attitude can 
be explained as a consequence of the re- 
ligious nationalism characteristic of these 
pre-Greek civilizations It cannot be 
ascribed to a sense of moral horror 
against enslavement itself. 

With the Greeks the slave institution 
developed two features that* distin- 
guished it from the form known among 
the pre-Greek cultures of southwestern 
Asia. The first was that Gieek nationals 
could become slaves of other Greeks, In 
the dramas of Euripides slaves, both 
Greek and non-Greek, appear frequently 
as pathetic figures who complain bitterly 
about then lot. A second departure of 
the Greek type of slavery from that 
of the old Oriental cultures lay in the 
fact that the Greek gods were not 
slaveowners. The temple organizations 
owned slaves, but the gods did not 

With few exceptions, such as the 
Works and Days of Hesiod and the books 
of the New Testament, the literature of 


antiquity is aristocratic m tone and point 
of view, i effecting the attitude of people 
of lnghei social status. Thus the woikers 
ol antiquity, whether fiee or enslaved, 
seldom speak to us with their own voices. 
Insofar as we can penetrate into the 
thinking and reactions of a heed, or 
manumitted, slave in the Gieek city- 
state, it appears that he was readily ab- 
sorbed into a noncitizen gioup called the 
metic, that is, the “coresident,” class. 

In a satire written by Petronius, the 
“Arbiter of Elegancies” under the Em- 
peroi Nero, one of the freedman guests 
at a hilarious banquet given by Tnmal- 
chio, a preposteiously wealthy foimei 
slave, makes an illuminating statement 
He says that he was a slave for 40 years, 
but no one cares whether he was pievi- 
ously a slave or a free man. The case 
ol Cicero’s secretaiy Tn*o, a slave whom 
Cicero later freed, may not be entnelv 
typical so far as the intellectual sym- 
pathy and genuine friendship between 
the two aie concerned. Nevertheless it 
illustrates the possibilities of the master- 
slave relationship m .Rome, where the 
lines between the slave and fiee classes 
weie more strictly diawn than m the 
Greek world. In 50 B G , when Tiro was 
sick, Cicero wrote him from the island 
of Lucas: “Your sei vices to me aie be- 
yond numbeiing: at home, in the Foium, 
m the city, m my province, in public 
life, in my puvate affairs, m my studies, 
in my literal y compositions. You will 
have surpassed all these services to me 
if I find you well, as I hope to do, when 
I return.” 

T HE fundamental problem of any 
slave system is always the same. The 
details of the problem differ, and the 
means of adapting the institution to 
meet these differences call forth different 
responses. There aie differences in the 
source of the slave supply, in the meth- 
ods by which the slaves are obtained, in 
the existence of free labor at a particular 
time and place; m the type of employ- 
ment. A primary error in studying and 
writing about ancient slavery has been 
the neglect of these differences. His- 
torians have treated the institution as one 
thing, “ancient slavery,” throughout the 
4,000 years of its constant presence in 
antiquity, but even between the Greek 
and the Roman forms of enslavement 
basic differences must be established. 

The Greek city-states were small gov- 
ernmental organisms under the direct, 
democratic rule of a limited and privi- 
leged group of citizens. In these micro- 
cosmic states the dominant use of slaves 
was m urban handicrafts. In the western 
Mediterranean countries, including Ro- 
man Italy down to the end of the Second 
Century R.C., slaves were employed for 
the greater part upon plantations called 
latifundia. This system produced two 
things that have served to prejudice our 
thinking against the entire system . o£ 
slavery in antiquity. These were the 



great slave revolts that occur led during 
the Second and First Centuries B.C. in 
Sicily and Italy, and the book On Agri- 
culture written by the elder Cato. 

In Greece the system was by no means 
so unfeeling as in Roman Italy and 
Sicily. In their living arrangements the 
slaves of Athens had a considerable de- 
giee of peisonal fieedom. In the Fifth 
and Fourth Cen tunes there was a class 
of slaves in Athens who were called 
“those who live apart,” meaning apart 
fiom their owneis. They were also called 
“pay earneis.” These were workers who 
were rented out by then masters at so 
much a day. The expectation was that 
they would bring a net profit of one obol 
per day. The average purchase price of 
a fairly good slave was from 300 to 400 
drachmas. This would give an annual 
profit on the slave of 15 to 20 per cent, 
if he were leased out for tile entiie year 
and put in 350 days at work. 

Evidence fiom lists of manumitted 
slaves which were inscribed upon stone 
in Athens in about 330 B C. gives us 
some knowledge of the occupations at 
which these slave workeis were em- 
ployed. The largest group consisted of 
women in the weaving industry. Others 
weie porters, who carried their deliveries 
throughout the city of Athens. Those 
who operated handicraft shops might 
own enough slaves to lun their shops 
with their own workmen. A well-known 
example of this is the two handicraft 
shops that Demosthenes, the Athenian 
orator and politician, received through 
the will of his father Along with a bed- 
frame shop he inherited 20 slaves. With 
a cutlery shop came 32 or 33 slave 
artisans. 

Another distinguishing feature of slav- 
ery m the Greek city-state was the use 
of state-owned slaves m the pohce force 
and other public services. In Athens 
the state bought foreign slaves, chiefly 
Thracians, for pohce work (and per- 
mitted them to use their native Thracian 
dress as their uniform) . This single fjict 
differentiates the Greek attitude toward 
slavery from that of the Romans. To the 
Romans the possibility of being arrested 
by a slave would have been as unthink- 
able as it would have been under the 
slave system in our own country before 
the Civil War. 

F ROM the stone walls of the sacred 
precinct of Apollo at Delphi we have 
records of a thousand manumissions of 
slaves, dating from 200 B.C. to about 
75 A.D. These manumissions were car- 
ried out by an interesting religious 
process It is evident that the slaves were 
permitted to save money by their work 
in order to buy themselves out of enslave- 
ment This was a recognized social and 
economic arrangement, though legally 
slaves could have no money of their own. 

Some sharp legal minds, presumably 
among the priests of Apollo of about 200 


B.C., devised a s\ stem of circumventing 
these difficulties. The slave could entiust 
to the god Apollo his money, his pet son 
and his hope of freedom. If the god 
accepted the trust, the slave auto- 
matically became a freedman. Fox to the 
god all of his woisluppeis were alike 
and of one status. 

One of these entiustment sales which 
is dated late m the Second Centuiy B.C, 
states. “Athambos has sold to Apollo, 
the Pythian god, a woman slave whose 
name is Harmodica, by race from the 
town of Elatia, for six minus of silver; 
and he has received the total price, just 
as Haxmodica entiusted to the god this 
purchase, entrusting it to the god on the 
considei ation that she is to be free and 
not subject to seizure by anybody for 
all time. She is to do whatever she 
wishes, and is to go to whomsoever she 
may wish.” 

The instrument of sale goes on to 
state: “If anyone should touch Har- 
modica for hei enslavement, let the 
seller, Athambos . . . guarantee for her 
the sale to the god. Likewise, if any 
person attempt to Ue-enslave her, any 
chance passer-by, without any penalty 
and without being subject to any comt 
action or fine, is empowered to iclease 
Haimodica as being a free woman.” On 
analysis it becomes clear that this legal 
lorm contains a description of what 
freedom meant to the Greek mind Free- 
dom was composed of four elements 
that a free man has and a slave has not. 
These “foui freedoms” show a much 
greater precision than our own gener- 
alities of today, at least as they aie ex- 
piessed in the Atlantic Charter. They he 
m the assertion that the woman is to be 
free, that she is not to be subject to 
illegal seizure, that she is to have the 
right to work at whatever she wishes, 
and that she may go wherever she 
wishes. The first of these rights is politi- 
cal status, the second is the right of 
habeas corpus, the third is the economic 
right to dispose of her working ability 
under a free labor contract, the fourth 
is the right to freedom of movement. 

In the countries stretching along the 
Mediterranean coast from the Adriatic 
Sea westward, the aspect that the slave 
system presented down to 100 B.C. was 
much grimmer than in the Oriental and 
Greek lands at the eastern end of the 
Mediterranean. The differences in the 
brutality accorded to the slave arose 
primarily from the dissimilarity of slave 
occupations in the two regions and from 
the stern morality of the Roman leaders. 
Cato the Elder of the Second Century 
B.C. tried to embody, and thought that 
he represented, the old Roman mores. 

If a slave waiter made a slip in serv- 
ing dinner, or if a slave cook spoiled 
anything in the preparation of the din- 
ner, Cato would use a leather strap in 
punishing him. If a slave committed any 
technical crime, Cato conducted a formal 


trial If the slave were condemned, Cato 
had him put to death m the presence of 
his fellow slaves. In Cato’s book about 
agriculture, the nitions to be given out 
to the slaves were obviously adjusted to 
their work. More bread was to be given 
them at the time of heavy field woik, 
and less bread m peiiods of lightei woik 
The rations he advocated without a 
doubt compared favoiably with those 
given tcf Roman soldiers, but the pur- 
pose, so far as Cato was concerned, was 
pure efficiency. 

It is apparent horn Cato’s discussion 
of agnculture that the numbei of slaves 
employed on a huge plantation in Italy 
was not so great as historians have some- 
times thought. The total to be used m 
an olive orchard of 150 acres, accoidmg 
to Catos advice, should consist of a 
nucleus of only 12 slaves. This number 
included the overseer and his wife, both 
of whom were slaves. 

The following cold-blooded statement 
that Cato makes in his book seems to be 
typical, for his period and for men of 
his kind, of the treatment accorded 
slaves by the Roman landowners. “The 
plantation owner/' lie said, “should auc- 
tion oil old work-oxen, blemished cattle, 
the wool, the skins, the wom-out iron 
tools, the aged and diseased slaves, and 
everything else that he does not need ” 
Writing 250 yeais later Plutarch, the 
Boeotian gentleman f aimer and moral- 
ist, condemns Cato bitterly lot this atti- 
tude. In his Life of the Elder Cato 
Plutarch says: “For my pait I legai d his 
treatment of 1ns slaves like beasts of 
burden, using them to the uttermost and 
then when they were old driving them 
off and selling them, as a maik of a very 
mean natuie, which lecognizes no tie 
between men except necessity. I cer- 
tainly would not sell even an ox that had 
worked for me just because he was old, 
much less an elderly man, removing him 
from his habitual place and customaiy 
life as if it were from his native land, 
foi a paltry puce, useless as he is to 
those who sell him and as he will be also 
to those who buy him.” 

An unusual feature of slavery as it 
developed under early Roman conditions 
gave it one element of superiority over 
the Greek system. This aiose out of the 
gi eater flexibility of the Roman idea of 
citizenship, as compared with the ex- 
clusiveness of the Greek polities to- 
ward their citizen privileges. If a slave 
owned by a Roman citizen were freed 
by his Roman master, after his manu- 
mission he became a Roman citizen. This 
could not occur undei the Greek system. 

ITPIIN the Roman slave institution 
itself a notable change occurred in 
the treatment of slaves in tire two and a 
half centuries that separate the quota- 
tions cited from Cato the Elder and 
Plutarch. This change was an increased 
mildness in the treatment of slaves that 




finds expiession m the Roman legisla- 
tion of the First Centiuy A.D. The laws 
passed by the empeiois of this century 
include punishments of slaveowners for 
abandoning old slaves. This change of 
attitude has sometimes been asciibed to 
the spread of the Stoic doctrine thiough 
the West m the Fn*st Century B.C., and 
to the acceptance of the equalitanan 
teaching that Stoicism advocated. It 
came too late, however, to be explained 
as a Stoic influence upon Roman legis- 
lation, and it came too early to be an 
outcome of Christianity and its teach- 
ings. The Christian teaching, as a mat- 
ter of fact, accepted the going institution 
of slavery, as did every othei religious 
movement of the time This is shown 
by the advice given by St. Paul to the 
conveits m Corinth, which is found m 
the fiist letter to the Corinthians. 

“Everyone has his own vocation m 
which he has been called; let him keep 
to it. Hast thou been called as a slave? 
Do not let it trouble thee; and if thou 
hast the means to become free, make all 
the more use of thy opportunity. It a 
slave is called to enter Christ's service, 
he is Christ's fieedman; just as the free 
man, when he is called, becomes the 
slave of Christ. A price was paid to le- 
deem you; do not enslave yourselves to 
human masteis. Each of you is to remain, 
brethren, in the condition in which he 
was called.” 

A sounder explanation for the change 
in the Roman attitude toward slavery 
may be found in the industrializing of 
slavery in the West, that is, m the in- 
creased use of slaves m handiciafts. This 
brought about a concentration of slaves 
in towns and cities and the drawing to- 
gether of the poor workmen of free 
status with their fellow slave workmen. 
Viewed in this light it would be an effect 
of the urbanizing of slave employment. 
Christianity, even when it became the 
sole religion toleiated m the Mediter- 
lanean area, did not try, nor did it ex- 
press a desire, to abolish slavery. It took 
over the institution, but not all of its 
implications. It is m this internal sense, 
the equalitarianism within the group 
that was taught by St. Paul and the con- 
temporary Roman Stoic Seneca, that 
Stoicism and Christianity bettered the 
condition of slaves. This was true of the 
P*oups that adopted Stoicism, and later, 
in much greater numbers, the Christian 
faith. Once accepted into the Christian 
group the slaves who weie “called” 
were equalized in spirit with the free. 
For the Christians the Day of Judgment 
was close at hand; and the kingdom into 
which they were to enter was the King- 
dom of God, without gradations of caste 
or status. 


William Linn Westermann 
is professor emeritus of his- 
tory at Columbia University . 



ASSYRIAN BAS-RELIEF of Seventh Century B.C. shows procession of 
prisoners driven by soldiers (top). Assyrians did not enslave one another. 
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THE SOCIAL AMOEBAE 


The independent cells of Dietyostelium periodically gather 
into an organism of many cells. The study of this peculiar 
phenomenon is a felicitous example of the scientific method 

by John Tyler Bonner 


F OR some reason that has never been 
entnely clear to me, few people 
have heard of the Acrasiales , or 
amoeboid slime molds. It is less surpris- 
ing, since they are such strange organ- 
isms, that those who have heard of them 
are often tempted to become philo- 
sophical, There is the case of a German 
scientist who used them to prove the 
existence of a vital force in living organ- 
isms. There is also the case of a well- 
known American physiologist who lik- 
ened them to human society. Oui aim 
here is more modest We shall ask no 
more of the amoeboid slnne molds than 
that they shed light on themselves. 

The amoeboid slime molds look to the 
naked eye very much like the common 
bread mold Mucor . There is no way of 
knowing how long they were mistaken 
for Mucor , but the first cleai-cut case of 
such an error was that of the 19th-cen- 
tury Belgian botanist E. Coemans It is 
Coemans, in fact, who is credited with 
first describing the Acrasiales m this 
fashion. It was left to a German named 
Oskar Brefeld and a Frenchman named 
M. van Tieghem to discover the peculiar 
nature of these organisms between 1869 
and 1880. It was not, finally, until the 
classic monograph of the American bot- 
anist Edgar Olive in 1902 that the whole 
group was clearly defined. The most re- 
cent historical event is the discovery by 
Kenneth B. Raper of the U. S. Depart- 
ment of Agriculture of a new species, 
Dietyostelium discoideum It is this spe- 
cies that is especially suited for experi- 
mental studies. 

The spore maybe used as a convenient 
starting place to describe the life cycle 
of Dietyostelium. The spore is in no 
way connected with fertilization, for so 
far as is known there is no sexuality in 
these forms. It is shaped like the pharma- 
cist s gelatin capsule, and if it is sown 
in a suitably warm and humid environ- 
ment, itwill germinate by splitting down 
the side and hatching one tiny amoeba. 

One of the most remarkable things 
about this amoeba is that it 1? no different 
from any other amoeba. It has die char- 
acteristic fluctuating, amorphous shape; 
it feeds by engulfing bacteria in the usual 
way; it divides regularly by binary 
fission. In every way it is a very ordinary 
amoeba. When enough of these separate 


and independent amoebae are concen- 
trated, howevei, a curious thing hap- 
pens. As if m response to a signal, they 
cease to ignoie one anothei and rush 
toward central collection points. The 
shape of the amoebae, though high- 
ly irregular and constantly changing, is 
usually approximately round When the 
amoebae come together they stretch into 
pencil shapes and rush inward with un- 
erring accuracy. 

When the amoebae have come to- 
gether, they form a mass shaped like a 
sausage. This may he from .1 to two 
millimeters long, depending on how 
many amoebae gather at a particular col- 
lection point The sausage ot amoebae 
then proceeds to cmwl acioss the surface 
of its medium! As the sausage moves, it 
exudes slime, which is left behind as a 
collapsed cylinder rather like a sausage 
casing. 

That these cells act as a body rather 
than individually is best illustrated by 
the fact that the sausage will crawl 
towaid light. The actual locomotion, 
howevei, appears to* be a contribution 
of each individual amoeba. In special 
microscopic preparations it can be seen 
that the amoebae are all m motion and 
that they continuously extend their 
pseudopods, or “false feet.” The point is 
that in some way this movement of the 
independent amoebae is coordinated so 
that the mass of cells moves as a whole. 

Depending on moistuie and tempera- 
ture and probably to some extent on 
light, the migration penod may last a 
day or more. Sometimes it is by-passed 
completely. In either case the cell mass 
eventually assumes an upright position 
m preparation for what is known as the 
culmination stage. 

At the beginning of the culmination 
stage the aggregate of amoebae looks 
like one of those small blobs of icing a 
baker puts around the edge of a birthday 
cake— it is a rounded mass with a pointed 
tip thrust upward. When thin slices of 
the mass are examined under the micro- 
scope, it may be seen that in the center 
of the tip there "are groups of cells that 
rapidly become large and swollen, as 
though they were gorged with water. 
This swollen condition then spreads 
downward like a disease to the base of 
the mass. The swollen cells become en- 


cased m a firm cylindrical sheath so that 
oui blob ot soft wet icing now has a 
rigid coie. The unchanged amoebae 
which suriound the core begin to rise 
into the air. As they do so the uppei- 
most amoebae are drawn to the top ot 
the rod, where they immediately begin 
to swell as though they too had caught 
the disease. Together these two processes 
go on, and the loci, oi stalk, as it may 
now be called, becomes increasingly 
longer. This elongation is apparently 
capable of lifting a ball of othei amoebae 
to loim a structure shaped like a minute 
hatpin. This hatpin, which is usually 
horn one to three millimeteis high, is the 
final fruiting body. 

All the amoebae except those in the 
stalk ultimately become spoie cells. Each 
amoeba in the rounded mass assumes 
the shape ol a pill and is encased in a 
hard, resistant capsule. Thus two types 
ot cells have arisen from our amoebae, 
the enlarged cells of the stalk, and the 
small spoie capsules. Recent observa- 
tions have revealed that normally some 
14 per cei\t of all the cells aie stalk cells. 
The lemainmg 86 pei cent aie spoies. 

N OW we may reflect upon a few sig- 
nificant points. We have in Dic- 
tyostelium an organism that first exists 
as single, separate amoebae which sub- 
sequently aggregate to form cell masses 
so unified and so cooidmated that they 
act as an individual. At a particular 
period in their life histoiy an imaginary 
knife divides 14 pei cent of the cells into 
stalk cells and 86 per cent mto spores 
We are confronted with two questions. 
One is. How can it be that these cells are 
brought together? The other is. How is 
it that once they come together they are 
coordinated? The first of these questions 
is rather an elementary one, and we shall 
discuss it. If we knew the answer to the 
second, we would have the solution to 
one of the main pioblems in biology. 

In 1900 the scientists who studied 
these slime molds were generally agreed 
that tlie amoebae gatheied at central 
collection points as the result of chemo- 
taxis. By this they meant that a chemical 
substance given off by the central mass 
attracted the amoebae in much the same 
way as the smell of a carcass attracts a 
jackal. There was no real evidence for 



such an idea, it only “looked” that way 
It was leally just as reasonable to sug- 
gest that the process might take place 
by some clotting leaction similar to 
that which occurs among blood cells. 
The piocess could also be governed by 
an electrical field, or by a magnetic field, 
01 by some soit of ray, or by some kind 
of contracting molecular film. 

Actually the agglutination hypothe- 
sis— the pioposal that the cells would 
stick together and ioim clots— was the 
least likely. In 1942 Ernest Runyon of 
Agnes Scott College performed an in- 
genious expei iment that gave it a final 
blow. He placed a cential mass of Dicty- 
ostelium cells on one side of a piece of 
cellophane, which is semi-peimeable 
When individual amoebae weie placed 
on the other side, the amoebae weie 
attracted to the cential mass right 
through the cellophane. The amoebae 
could not penetrate the cellophane, but 
they collected at the point nearest the 
cential mass on the opposite side of it 
So heie there was no question of the 
cells touching, and agglutination loices 
can only operate after cells have come 
into contact with one another. They at- 
ti acted one anolhei Irom a distance. 

I WAS fortunate enough to find a tech- 
nique of handling the amoebae in 
such a way that they would aggiegate 
on the bottom of a glass dish filled with 
water. If in such a preparation you re- 
move a central mass of cells and place 
it quite a distance from the stream of 
cells that had been leading to it, thiee to 
five minutes afterward each cell m the 
stieam will separate irom its neighbors 
and make a beeline to the central mass 
at its new location. In this way one can 


demonstrate that the amoebae will be 
attracted to masses that are half a milli- 
meter away, which is equivalent to about 
60 amoebae diameteis. 

The possibility that electricity or mag- 
netism was involved was tested m a 
number of ways Fust the amoebae weie 
placed in an electric field and subjected 
to a variety of cunent densities. It was 
found that, depending on the strength 
of the cunent, there was eithei no effect 
at all oi the amoebae were killed. This 
is sui prising considering the classic ex- 
periment of the German phvsiologist 
Max Veiworn, who showed that ordinary 
amoebae sti earned toward the negative 
pole of an electric field. In fact, I was 
able to lepeat this easy experiment in the 
same vessels I used for the Dictyostelium 
amoebae. A few haphazard experiments 
weie perfoimed by placing magnets near 
the amoebae, and, as expected, no effects 
whatevei were ohseived. The expei i- 
ment that pioved most rewarding was 
suggested by Paul Weiss of the Univer- 
sity of Chicago. It was to use a thin 
piece of the nontoxic metal tantalum m 
piecisely the same way that Runyon had 
used cellophane. Whereas individual 
amoebae had been attracted to a central 
mass through cellophane, nothing of 
the kind occurred with tantalum. The 
amoebae merely gathered independent- 
ly on both sides of the metal This 
demonstrated that neither magnetism 
nor electricity influenced the amoebae. 
If these foices had been operating, the 
metal might, by some sort of short cir- 
cuit, have prevented aggiegution from 
occuning at all. And if they had been 
operating when aggregation did occur, 
there should have been some effect 
through the tantalum, since it is prob- 


ably an even better conductor than cello- 
phane. 

It was conceivable that the amoebae 
are guided to the central mass by a ray 
just as ships are guided to a harbor by 
a beacon. For many years biologists have 
wrestled with the concept of the so-called 
mitogenetic rays. A Russian scientist 
named Alexander Gunvitsch believed he 
possessed evidence that actively develop- 
ing organisms emitted lavs which con- 
trolled and “oiganized” their develop- 
ment. His work generated a great mass 
oi conti oveisv, and today it is generally 
accepted that such lays have nevei been 
positively demonstrated. Fortunately I 
was able to avoid the stoim by showing 
that no kind of lay is involved in the 
aggregation of Dictyostelium. This was 
done by an experiment m which a thin 
glass shelf was suspended under water. 
A central mass of cells, which foi con- 
venience may be called a center, was 
placed on the uppei side, and separate 
aipoebae on the under side. After a time 
the separate amoebae all rounded the 
edge to the upper side and streamed in 
to the center If the centei had been a 
beacon emitting rays, the rays could 
either have peneti ated the glass or not. 
If they had penetrated, one would have 
expected the same result as that obtained 
with Runyon’s cellophane. The amoebae 
would merely have gathered on the near- 
est point at the other side of the glass. 
If the rays had not passed thiough the 
glass, one would have expected the in- 
dividual amoebae to be completely un- 
affected by the center. Since the 
amoebae were attracted around a sharp 
corner, and since no ray can bend 
aiound a corner, we can say that rays, 
mitogenetic or otherwise, do not play a 
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GATHERING OF AMOEBAE is shown in a photomi- CENTRAL MASS GROWS as more amoebae stream 
crograph of early stage, in the formation of aggregate. into it. Later the mass begins to move as one organism. 



CULMINATION STAGE of Dictyostelium is attained At tlic left above is the migrating aggregate of amoebae, 

in the photograph# at the top and bottom of this page. At the right the aggregate has begun to raise itself. 


part m the aggregation of Dictyostelium 
Another possibility was that some 
kind of a film along the glass-watei 
boundary helped orient the amoebae. 
To test this hypothesis two submerged 
glass shelves weie placed side by side, 
leaving a narrow gap between them, A 
center was placed atop one of the plates 
and separate amoebae atop the other. 
Again all the separate amoebae streamed 
to the edge of the shelf nearest the cen- 
ter and, since the amoebae could not 
biidge the gap, they formed a* center 
right at the edge. This proved that the 
attraction can occur across a region 
wheie there is no glass-water interface. 
It is known, however, that the amoebae 
need an interface for locomotion. The 
amoebae actually appear eager to cross 
the gap, for one can see them pawing 
the air with their “false feet” in a veiy 
frustrated manner. If the two glass 
shelves are pushed together so that the 
gap is only one amoeba’s length, the 
amoebae will immediately form a hang- 
ing bridge. Then the amoebae stream 
m to the center, happy, we may pre- 
sume, at last. 

T HERE are a number of other hy- 
potheses that can be and have been 
tested, but among those tested there was 
no positive evidence. It was only in 
testing the chemotaxis hypothesis— the 
early suggestion that the center emits a 
chemical substance which attracts the 
amoebae— that some concrete evidence 
was finally secured. 

If aggregation takes place on tire bot- 
tom of a dish, and the water above the 
amoebae flows over them gently, as 
though they were lying on the bottom of 
a brook, only the amoebae downstream 
are oriented toward the center. The 


amoebae upstieam show no interest at all 
in the center. This must mean that the 
attracting agent is capable of diffusing, 
for it can be washed downstream. The 
only two diffusing agents are heat or 
chemical substances. For a number of 
reasons which I shall not discuss here, 
heat can be 1 ejected, leaving a chemical 
substance as the only possibility 

The centei, of course, does not leally 
“attract” the amoebae in the sense of 
pulling them m. Presumably the chemi- 
cal substance that is given off by the 
center is always more abundant near the 
centei than it is farther away. Theie- 
fore the front end of the amoebae ap- 
proaching the center will be surrounded 
by moie of the substance than will the 
hind end. In other words, all the sub- 
stance accomplishes is to orient the 
amoebae by stimulating tlie front end 
more than the hind end. The movement 
is solely that of the amoebae. The smell 
ol carrion does not pull at the jackal, but 
it gives him a guide to where be may 
find the carcass. And the nearer he gets, 
the stronger the scent. 

The evidence is thus extremely good 
for the existence of a chemical influence 
m the aggregation of Dictyostelium, If 
there were some way of isolating the 
substance in vitro we would have a proof 
of its existence, but so far all attempts 
m this direction have unhappily failed. 
It is suspected that the substance not 
only breaks down readily but that it is 
not stored in the organism. It appears 
only to be produced by the living ma- 
chinery It was decided that the sub- 
stance should at least be tentatively 
named, and after much deliberation and 
research I found that a witch m Ed- 
mund Spenser’s Faerie Qaeene was 
named Acrasia, and that she attracted 


men and transformed them into beasts: 

The fait e witch here selfe now solacing 

With a new lover , whom through 
soi ce ice 

And witchcraft , she from fane did 
thither bring , . . . 

More subtile toeb Ai achnc cannot spin 

Since Dictyostelium is also a member 
of the Acrasiales, it was clear the sub- 
stance had to be called acrasin. 

Once the peculiai life history of Dic- 
tyostelium is grasped, the very fiist 
question one asks is how it aiose m 
evolution. It is veiy easy to see that, in a 
biid, wings arc ol advantage to escape 
predators and to get food, and that in 
the evolution of birds tlieie would likely 
be natural selection lcsullmg m better 
and moie efficient wings. It is harder to 
see why Dictyostelium is a moie effec- 
tive oigamsm than common amoebae. 
In fact, there is always the possibility, 
which we will ignore, that it is not. The 
spoies of Dictyostelium might be more 
resistant to adverse environmental con- 
ditions, but many common amoebae 
form cysts which also are lesistant. 

Pei haps Dictyostelium has a selective 
advantage in being elevated on a stalk. 
There are a number of reasons for be- 
lieving that because the amoebae are up 
m the air they are hardier than they 
would be in the water. David Perkins 
of Stanford University has made another 
likely suggestion, This is that elevated 
amoebae have a better chance for dis- 
tribution, especially because the spores 
would tend to adheie to insects brush- 
ing past them. These arguments are 
rather tenuous, and I will ask you merely 
to assume that the fruiting bodies of 
Dictyostelium help it survive, and to be- 
lieve at least that there has been evolu- 



BALL OF AMOEBAE is lifted above the surface of its 
medium by a slender stalk of other amoebae, Cells of 


the ball are principally spores. The height of the en- 
tire organism at right is approximately ,4 of an inch. 


%L 


tion fiom the common amoeba to Dic- 
tyostelium. 

There is some support foi this latter 
assumption m the mtei mediate forms be- 
tween common amoebae and Dictyo- 
stehum. There are some forms that sim- 
ply pile up in shapeless mountains of 
amoebae These do not differentiate into 
stalk and spore. There aie some that 
have a very crude resemblance to Die- 
tyostehum One might just as well say 
that these fonns lepicsent an evolution 
m the leveise direction from Dictyosteli- 
um to a common amoeba. All I can ask is 
that you assume somewhat aibitrarily 
that this is not so 

I N a lecent aiticle John R. Baker of 
Oxfoid Umveisity has noted the fact 
that among pumitive green organisms 
theie are more intei mediates between 
one- celled forms and true multicellular 
forms than theie are among pumitive 
colorless, p article-feeding organisms. 
The difference is lathei marvelously ex- 
plained by Dr. Baker, who points out 
that the green cells aie all photosyn- 
thetic, that is, they make their own food 
with the help of water, caibon dioxide 
and the ladiant energy of the sun. There- 
fore they do not need any special organ 
lor obtaining food. Any cell that eats 
particulate matter, howevei, needs a 
special feeding appaiatus. So if you have 
an organism consisting of a gioup of ad- 
hering cells, and if it is photosynthetic, 
there is no mechanical feeding problem. 
A group of paiticle-feedmg cells, how- 
ever, must adopt a new method of 
feeding. This involves a very large and 
difficult evolutionary step. The ques- 
tion to examine is whethei or not there 
is any way in which colorless, non- 
photosynthetic cells could circumvent 
this obstacle rather than tackle it head 
on, as have the sponges, the coelenter- 
ates and our mam line of animal evolu- 
tion. 

It is clear that Dictyostelium, by the 
use of its aciasin, has found a way. All 
ieeding and growth is accomplished by 
single cells that require no new method 
of feeding The aggregation of the cells, 
which we now explain by 'the action of 
acrasm, takes place after all the cells 
have completed their feeding. This pro- 
duces a relatively simple, non-feeding, 
multicellular structure that raises the 
spore into a presumably advantageous 
aerial position. Acrasm, partly sired by 
a witch, is alone responsible for this 
artful dodge. It has, however, turned 
out to be a blind alley in evolution 
reaching little further than Dictyosteli- 
um itself. Surely the price of this sly ruse 
had to he paid somehow 



TWO EXPERIMENTS performed under water elucidated the mechanism 
by which amoebae are attracted to a central point. When a central mass is 
placed on a shelf (top), amoebae below shelf stream around edge. When 
mass and amoebae ai*e separated by a gap { bottom ) , amoebae try to span it. 




John Tijler Bonner 
is assistant profes- 
sor of biology at 
Trinceton University. 


MULTICELLULAR STRUCTURE of Dictyostelium is shown in five stages. 
Drawing at upper left shows end of aggregation. Drawing at upper center 
shows formation of pre-spore cells. Drawings at lower left and center show 
formation of stalk cells. Drawing at right shows stalk hearing spores aloft. 
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Trapped 

Light 

Zarem camera freezes 
reflections of a beam 
of light as it speeds 
aivay from the shutter 


T HE seven small spots m the center 
of the picture on the opposite page 
are the leflections of a beam of 
light caught in mid-passage. The spots 
are reflected from a series of minors set 
a foot apart on an inclined platform. On 
a line with the minors is a new camera 
capable of making a photographic ex- 
posure lasting only .01 microsecond, or 
one hundred-millionth of a second. 

The principal feature of the camera, 
which was developed by A. M. Zaiem, 
director of the Los Angeles division of 
the Stanford Research Institute, is the 
Kerr cell. This device is made up of two 
flat electrodes placed in a transparent 
tank of nitrobenzene. Two polarizing 
filters may then be placed on opposite 
sides of the tank, ciossed in such a way 
that no light can pass through them. 
When an electric field is imposed upon 
the nitrobenzene, it becomes birefrin- 
gent, i.e the polarization of light pass- 
ing through it is alteied so that it can 
pass through the two polarizing filters. 
By controlling the type and duiation of 
the electrical impulses imposed on the 
cell, the passage of light can be restricted 
to fractions of a microsecond. 

The light-stopping experiment was 
performed by Dr. Zarem, F. R. Marshall, 
Norman Chase and Nicholas Sames at 
the U.S Naval Ordnance Testing Station 
in Pasadena, Calif. The purpose of the 
experiment was to determine the length 
of the shortest beam of light that can be 
chopped off by the Kerr cell. As shown 
in the diagram at the right, one Kerr cell 
was placed in front of a light source. 
After it had briefly allowed tire light to 
pass, a second Kerr cell m front of the 
camera was opened. It was then able to 
capture the reflections of the short beam 
that had been passed by the first, In this 
way Dr. Zarem and his associates were 
able to show that the Ken* cell can cut 
off a segment of a light beam only 10 
feet in length. 



IN EXPERIMENT one Kerr cell was placed in front of light source. The 
other was placed before the camera. Open cell is indicated by gray box; 
closed cell by black. First cell sends a short beam of light toward the mirrors 
at right. Camera then records reflections from only two of the mirrors. 
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It might have been possible in the case of Robert 
Irwin. Society did not accept the responsibility, 
but it insisted that the murderer accept the blame 


by Fredric Wertham 


You let him become guilty fast 
And then you leave him to his pain , 

For all guilt is levenged at last . 

—Goethe 

I SAW Robeit Irwin for the first time 
at the end of Octobei m 1932. He 
was a nice, frank-looking young man 
who spoke with emphasis and convic- 
tion. He had been admitted to the hospi- 
tal on the 27th of October. Early that 
morning— at 2:20, to be precise— he had 
come to the surgical emeigency room, 
having attempted to emasculate himself. 
In the morning Irwin was admitted to 
the psychiatiic division, where he gave 
his name as Jack Adamson. 

Not without difficulty, I obtained de- 
pailmental pei mission to keep Iiwm in 
the hospital much longei than the usual 
stay, in ordei to study his case. In the 
busy ward where he was confined we 
improvised long private interviews and 
psychoanalytic sessions m one of the 
cubicles. We kept this up till March, 
1933. Eventually the pieces of his life 
story began to fit together. 

His mother was a well-educated, col- 
lege-trained woman of a veiy good 
Southern family. She studied music and 
at one time was acquainted with Pade- 
rewski. Members of the family were busi- 
nessmen, judges, men of wealth. She 
herself belonged to a less well-to-do 
branch of the family. She was a serious- 
minded woman, extremely devoted to 
her children, and religious to the point 
of fanaticism. 

She had four children, a baby girl who 
died at two of whooping cough, and 
three sons, one four years older and one 
two years younger than Robert. They all 
were given names with special religious 
associations—' “the doggonedest names. 
We all changed them later” Robert's 
name was originally Fenelon Arroyo 
Seco Irwin. He changed it to Robert 
Irwin at the age of 16, after having read 
and gieatly admired the works of Rob- 
ert IngersolL 

Before Bob was three his father de- 
serted the family. Bob did not remem- 


bei ever living undei the same 1 oof with 
his father, but he remembers seeing him 
off and on later. “He was a fine, big, 
handsome man.” Almost up to the age 
of 12 Iiwm idolized his father. Then 
his mother explained to him about lus 
fathers deseition and godless ways. Af- 
tei the father had left them, the fam- 
ily— not well off bef oi e— had a really hard 
time. The mother found herself with 
tlnee exuberant, unruly sons. As lime 
went on social workers, probation offi- 
ceis, and children’s couit judges became 
almost a part of the household. 

Bob was intensely devoted to bis 
mother. She apparently felt the same way 
about him, but she expiessed it mostly 
in terms of a fanatical religious educa- 
tion. He had to lead three chapters of 


EDITOR’S NOTE 

This article is an abudged ver- 
sion of “Manhattan Tiagedy,” a 
chaptei in the author’s book The 
Shoio of Violence. The book was 
published last month by Double- 
day & Company. 


the Bible every day and learn a psalm 
by heart every Sunday. Like red threads, 
the three themes of mother, leligion and 
sex were early woven into the fabric of 
his life. He loved and hated all three 
with the full intensity of his tremendous 
temperament. 

Bob always felt inferior to his broth- 
ers. It seems that he was always more 
considerate and more serious than they. 
When he got to the reading stage he 
read Plutarch's Lives , Pilgrim's Progress , 
and Shakespeare, They read detective 
thrillers. He thinks they were stronger 
than he and that other children re- 
spected them more. 

He was extremely sensitive about feel- 
ing that somebody might consider him 
a sissy. Fighting to assert himself-that 

Illustrations by Ben Sliahn 


was a i espouse that occuired over and 
ovei again in his life. It was nevei en- 
tnely unprovoked. Bui let a boy make 
some remailc he did not like, let a taxi 
driver argue about the laie or a baiber 
make what Bob considered a disrespect- 
ful xemaik, and off he went into a seixous 
fist fight. 

AT the age of 14 an mleicst entered 
his life that was to become a con- 
suming passion tuid a conscious goal 
ait. At In st ho modeled figuies m butter 
and soap. He loved to look at pictuies 
and collected all kinds lepi eductions of 
Greek statues, ancient heioes, beautilul 
and nude women. He assembled thou- 
sands of them. lie never went m for 
obscene pictures. 

Then a lecunent curse ol lus life 
supervened: unemployment. He went on 
his own initiative to the court of domes- 
tic i elutions. “The man there said, ‘Why 
don’t you learn a tiade in a reformatory r 
and so I asked to go to one. I would 
never have been a sculptor if I bad not 
been there. The skipper there was one 
swell guy, I happened to lejnark one day 
that I could be a sculp toi, and the very 
next day he brought me some clay. My 
career as a sculptor dates fiom there/* 
By that time he was 18. He stayed m 
that reformatory foi 15 months. His 
progress m art, however, was handi- 
capped by something more serious than 
anything that had happened so fai “that 
visualizing thing.” 

When Iiwin was 15 he left grammar 
school to go to work as an eirand boy 
in a wholesale house, “I remember one 
day there I was folding up some silk 
with polka dots on it and all of a sudden 
I leaned back against the door and my 
boss said, ‘What's the matter?’ and that’s 
when the whole thing came to me in full 
force— that you have to visualize things 
first. Before a sculptor can make a statue 
he has to first make a mental statue.” 

This idea preoccupied him off and on 
and he actually practiced visualization. 
He would sit on the edge of the bed in 
his room and he would “see” in his mind 
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pictuies from his collection. Once it was eity leally caught up with him. He often the meeting there weie about 60 psychi- 
Napoleon aftei his abdication; once it slept m the paik. He even had to go to atrists in the audience, including several 
was Theseus. He wanted to learn to restauiants to beg food. That was his prominent psychoanalysts. Irwin was 
pioject such pictuies at will m front of greatest humiliation. with me on the platform and leadily an- 

Inni so that he could really see them. In this setting his emotional conflict swerecl questions put to him first by me 
That required intense concenti ation. became more and more intense, until it and then by doctors from the audience, 

_ was unbeatable, and he took the ‘"one Questioned about his having run away 

I WENT ovei his sex life in some de- way out” that landed him m the psychi- fiom the state hospital, he said, “I in- 
tail The influence of his fixation on atiic hospital where I hist saw him. That tended to go back after I'd seen Dr. 
his mother image was unmistakable. The was on October 27, 1932. Wertham. I’d bought a round-trip tick- 

first time he had mtei course was with Dining the last period of his stay in et.” One psychoanalyst present ques- 
a piostitute oldci than himself who the hospital he no longer mentioned the tioned him closely about his sexual life 
realized right off that it was his first time idea of self-emasculation. He improved and he replied very frankly 
and that he was ah aid, and tieated him under psychotherapy, but he did not le- In a case of this type there is at the 
‘fin a motherly way.” Once he had re- cover Aftei talking the matter over with one pole of diagnostic possibilities de- 
lations with an older woman and felt me in gieat detail he consented to be mentia piaecox (schizophiema) , which 
ashamed afleiwaid. “We were like committed to a state hospital. He was has a serious piognosis and is never 
mothei and son. We liked each other and tiansfeired theie March 17, 1933. fully explainable by psychological data 

quairelecl a lot.” The next time I saw Irwin, most un- alone. At the opposite pole is the diag- 

In the autumn of 1931 things became expectedly, was on November 17, 1933, nostic label of psychopathic personality, 
too much for him. He was pooi, did not when he suddenly appeared at my home which indicates a mild constitutional 

make any headway with work or with m the evening As he arrived I was ]ust mental abnoimality not serious enough 

ait, and felt womed and depressed. He leaving for a medical meeting. He had to be counted a major mental disease 
presented himself at the psychiatric city xun away from the state hospital that (psychosis) Every scientific psychiatrist 
ward and was admitted. He told the doc- day. At fust it was not quite cleai what wishes to find guidmg fines in the no- 
tor ‘1 was going to kill somebody so I he wanted me to do. But after giving man's land of psychopathic behavior 

would be hung.” When he was dis- all his reasons and expressing his feel- that lies between these poles, 

charged he was sent to a convalescent mgs, he asked me to help him get work Duiing the discussion of diagnosis at 
home. m a convalescent place. I pei suaded him this meeting some doctois favored the 

He stayed in die home for the period that the best thing for him to do would diagnosis oi schizophrenia and spoke 

allotted by the providers of charity for be to go back to the state hospital. against any furthei attempts at psycho- 

the convalescence of poor people. After I asked him whether he would go theiapy. I outlined my idea that Ii win’s 

that he obtained a job as a waiter there. along with me to the meeting and let case was outside the group of sclnzo- 

It provided food and lodging, but it was me present him to the doctors as an m- phienia, that it was a psychologically ex- 

far removed horn art. After he left that stiuctive case which could be of benefit plamable condition based on a sequence 

job he came to Manhattan. There pov- to many othei patients He agreed. At of unconscious emotional factors. Its 



ROBERT IRWIN was a sculptor, although his art never butter and soap. In this illustration he is making a bust 
mitigated his poverty. As a boy lie modeled figures in in a reformatory he entered in order to learn a trade. 
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essential feature was the pattern of 
violence which appeared to the patient 
at critical stages of the disease as “the 
only way out” (catathymic cusis) I ex- 
pressed my conclusion that he was m a 
gieatlv improved stage of the disease but 
that the pattern of violence was still 
latent-violence either against himself or 
against others I added that these cases 
could recover if they were given pio- 
longed sympathetic and active psycho- 
analytic psychotherapy, and said I was 
convinced that if they did get it they 
could be returned to the stage of recov- 
ery and normality. 

This discussion was unfortunately of 
more theoretical value than piactical use 
for Irwin. After the meeting I took him 
to the admitting office of the hospital 
and he was returned m the routine way 
back to the state hospital from which he 
had eloped. 

In May, 1934, Invm was discharged 
from the state hospital, and two weeks 
later he appeared again at my home. He 
was his same old self. He spoke em- 
phatically and positively. In the state 
hospital he had been allowed and en- 
couraged to do drawing and sculpture, 
and that had evidently had a good effect 
on him. But the fundamental catathymic 
trend with the “visualization” and the 
search for a “way out” weie still there. 
He had not written to his motliei, but he 
had turned from his previous bitterness 
against religion to going to chinch. 

In August, 1934, he told me about a 
pretty Hungarian girl, Ethel, his land- 
lady’s daughter. She helped him with 
his visualization. He said he made more 
progiess with visualization with her 
help than he had ever made before. He 
also talked to her about art and took hei 
to museums. 

In the middle of October he obtained 
a job in the Polyclinic Hospital as an 
elevator operator and attendant in the 
doctors’ coatroom. When I saw him in 
December his underlying tension and 
anxiety were neaier the surface than 
usual. The Hungarian girl had weaiied 
of him and his visualization. The ele- 
vator job was monotonous and poorly 
paid, and the electric lights bothered his 
eyes. After he left that job and was un- 
able to find another one his economic 
condition got so bad that he had to apply 
for home relief. I advised him as forcibly 
as I could to return to the state hospital. 
He agreed. 

He stayed there this time for almost 
two years, with a weeks interruption on 
parole in July, 1936, during which he 
looked unsuccessfully for employment. 
In September, 1936, an attendant at the 
state hospital told him that he might 
get into the theological school of St. 
Lawrence University in Canton, N. Y.» 
despite the fact that he had had no high- 
school education. 

His work at the university seems to 
have been satisfactory. He taught two 


sculp true classes, one foi adults and one 
for children. The children paid 25 cents 
a lesson. He had his heait m that woik, 
and was very successful as a teacher. 

This time tiouble came in the form of 
a student who broke some of the sculp- 
ture made by the childien. Irwin was 
angry and got into a violent fight with 
him, as a result of which he was dis- 
missed from the university. He went to 
New Yoilc, where he anived two days 
before Easter Soon afteiwaid he was 
sought all ovei the nation as a fugitive 
from justice for the murdei on Easter 
Sunday of Mrs. Gedeon, the landlady of 
a boaidinghouse where he had once 
lived, her daughtei, Veronica Gedeon, 
and a boarder, Frank Byrnes. 


E ARLIER ill that yem I had been in- 
vited to read a psychiatric papei at 



IRWIN DREAMED that an angel 
patted his head and said: u What do 
you want?” He said: “I want you.” 


Johns Hopkins Hospital on the occasion 
of the 25th anniversary of the Phipps 
Psychiatric Glmic theie. The paper I 
had prepaied was “Catathymic Crisis* 
A Clinical Entity.” Irwin, as a case of 
violence turned against oneself in the 
form of attempted self-emasculation, 
was one of my examples of unrecovered 
cases in which a recurrence of the pat- 
tern of violence (either against himself 
or against others) could be predicted. 

By the time I read the paper in Balti- 
moie the prognosis m Irwin’s case had 
just been fulfilled and I was able to ex- 
plain in his case the mterchangeabilty 
in catathymic crisis of violence directed 
against oneself and violence directed 
against others. Irwin’s name as a triple 
murderer was on every front page as I 
spoke, 

Irwin had arrived in New York from 
Canton on the 25th of March, 1937. All 
through the 26th he looked for work, 
unsuccessfully. On Saturday, March 27, 
he had a date for lunch with the fiancee 


of a fellow student at the university She 
was a pie tty and socially pionnnent 
young gnl ol 22. 

They had lunch at Schrafft’s, then 
went to the Museum of Natural History 
to meet hei brother, a big-game hunter 
who had bi ought back trophies fiom 
toieign countnes. They tried to get Iiwm 
a job at the museum as a taxidermist, 
but it fell through. “I was disappointed, 
but I did not let on, as they tried very 
hard to get the job foi me. So I took the 
girl alone to the Meliopohtan Museum 
of Ait.” In the museum Irwin animatedly 
explained to her the sculpture exhibits, 
including his favonte Colleoni Pie told 
hei about “the Hungarian gnl” and how 
much she had meant to him m the past. 
Pie finally left her on Filth Avenue. Then 
he walked the stieets. Here he was again, 
his careei at the university abruptly 
ended, and the last piospeet of a job 
blasted. And the lunch had depleted his 
cash reserves. 

He walked back to the old house 
where he had lived with the Gedeons 
and where he had had such high hopes 
with Ethel and visualization. “That was 
the bluest and blackest moment oi my 
life ” He decided to end it all and went 
to the East Rivei piei at 53id Street. Pie 
hung aiound the pier, waiting for it to 
gel daxk. He brooded and brooded, look- 
ing down at the water. “And then I made 
up my mind to kill Ethel and go to the 
chan toi it.” 

Irwin had last seen Ethel in July, 
1936, when during his week's parole 
irom the state hospital he visited her and 
her husband. In December oi that same 
year he had visited Ethel’s mother, Mrs 
Gedeon, and her sister Ronnie at their 
house and had “pumped” Ronnie to find 
out how Ethel was getting along Pie had 
the wrong impiession that Ethel’s mai- 
nage was bioken up and that she was 
again living with her mother. That is 
why he went theie now in search of hei. 
But first he went to a hardware store, 
bought a file, and sharpened an ice pick 
which he had among his things. Then, 
his mind made up, he walked to the 
Gedeon home. 

When he reached the house at nine 
o’clock no one was there. Pie waited un- 
til Mrs. Gedeon arrived at 10 and went 
up with her. A little later he took her 
Pekingese dog out for his evening walk. 

Back at the apartment, he talked with 
Mis Gedeon. She had always been very 
friendly to him and had taken an interest 
in his well-being. He tried to prolong 
the conversation as long as possible, for 
he was convinced that Ethel was Jiving 
there and would come home eventually. 
He was determined to stay until she 
appeared. 

After a while Frank Byrnes, a roomei 
in the apartment and a waiter at the 
Racquet Club, returned home. Mrs. 
Gedeon introduced him to Bob and then 
the boardei went to his room to go to 
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bed. Continuing to talk with Mis. 
Gedeon, Irwm finally got up courage to 
inquire about Ethel. He was told there 
was no news about her. that she was not 
living theie. He did not believe it and 
asked some more questions. 

Finally Mis. Gedeon told him it was 
"ettmg late and suggested that she 
wanted to go to sleep now. But Irwm 
had no intention of leaving. Mis Gedeon 
firmly told him he must go, and “at that 
moment I hit her a teinhc blow with 
mv fist and knocked her down. She had 
plenty of life m her. 1 grabbed her by 
the neck. I was astonished at the fight 
she made. I continued choking her, and 
m the struggle she kicked me and 
scratched me something ternble. I bad 
her on the floor. I continued to choke 
her for about 20 minutes before I was 
sure she was lifeless. Then her arms 
dropped back limp and her shoulders 
sagged to the floor. I still had my over- 
coat on.” 

He lifted her body and took it to the 
adjoining bedroom, where be pushed it 
under the bed. He washed bis face and 
hands m the bathroom and turned off 
all the lights. Then he sat down and 
waited and waited and waited. 

Hours later (the evidence points to 
about three o’clock) the apartment door 
opened and he heard Ronnie’s voice say- 
ing good night to someone. She went 
directly to the bathroom and stayed 
there for almost an hour. All this lime 
Bob stood hidden m Kirs. Gedeon's 
darkened bediooin. next to the bath- 
room dooi . 

Finally Ronnie came out. Bcfoie she 
had a chance to cry out he grabbed her 
by the throat, carried her to her bed- 
room, and put her on the bed He kept 
her there for about two hours. “First of 
all she said, ‘Who are you?’ And I don’t 
know whether I answered her or not. 
The whole night passed to me like a blue 
daze I said, ‘Where is your sister 
Ethel? 8 She said, ‘She is with her hus- 
band/ I said, ‘When is she coining 
home?’ And she said, ‘She won't come 
here/ I didn't know what to think.” 

There were no sexual thoughts m Ir- 
win's mind at that time. His relationship 
with Ronnie had always been com- 
radely. They had considered themselves 
as colleagues in art, she a beautiful 
model and he an up-and-coming sculp- 
tor. 

While he was talking to her when she 
was on the bed he had made every effort 
to disguise his voice. He did not know 
whether she had recognized him or not. 
“Finally, at the end, she said to me, 
‘Bob, I know you are going to get in 
trouble for this/ The minute she said 
that I clamped down on her and choked 
her till she was lifeless.” 

He returned to the other room and 
waited m the dark. Then he remem- 
bered Byrnes, the boarder. Hours before 
he had wondered why Byrnes hadn’t 


come m dui mg the rumpus with Mrs. 
Gedeon. Iiwm did not know that Byrnes 
was a little deaf. When Irwm had en- 
tered the apaitment he had laid the ice 
pick on a side table. Now he got it and 
went into the boarder’s room. “Byrnes 
was asleep. I shuck him the first time 
in the temple, as far as I could go The 
pick was about six inches long. After 
sticking him once, the poor fellow lay 
theie twitching but did not bleed. He 
did not make any outcry I wanted to 
put him out of his miseiv, so I stabbed 
him a number of othei blows about his 
bead” 

Still no Ethel He hantically went 
through every diawer m the house for 
pictuies of her. He could not find any. 
He took two photos of Ronnie. Then he 
took the small alarm clock and put it 
in his pocket. About that he said later, 



IRWIN SLEPT in the park after his 
discharge from a convalescent home. 
Author met him shortly after this. 


“Do you know, that’s the one thing Ym 
ashamed of. Stealing that clock. To kill 
is one thing; but to be a sneak thief—” 
As he left the apartment he said to 
himself, “Buddy, now you’ve done it.” 

F ROM then on he felt more like a 
nomad than a fugitive. He stayed in 
New York foi a week, then went on to 
Philadelphia, then to Washington. In 
Washington he visited the art museum. 
Then he went to Cleveland, where he 
obtained a job as a bar attendant in a 
hotel. After being in Cleveland a short 
while he had an experience which moved 
him so profoundly that he almost gave 
himself up at once. He read in the pub- 
lic library that his mother had died. 
That made everything different. Now he 
could never go home to his mother after 
having made something of himself. So 
he might as well give himself up and 
die now. But he did not— not yet. 

On June 25, when a young girl who 
also worked in the hotel recognized his 
picture in a detective magazine, he 


quietly left town for Chicago. There he 
gave himself up to the Hearst papers 
on a contract that he would tell them on 
the spot the story of his life and of the 
murders if they would m return pay him 
$5,000, most of which was to go to his 
two brotheis. 

The newspapers, beginning with the 
opening blaze of the Hearst papers 8 
scoop, were having a field day. Almost 
every story was accompanied by re- 
touched nude or semmude photographs 
of the beautiful murdered model. The 
stones went into eveiy detail, real and 
fanciful. Iiwm commented later that 
many of then details weie untrue, “be- 
sides being abominably written.” The 
columnists cracked then quips. In the 
“Sun Dial” of the New York Sun theie 
was a verse: 

IT’S ALL DONE BY MIRRORS! 

He did not murder anyone 
And such a charge not nice is: 

He’s just the charming victim of 
A “ catathymic crisis .” 

Slowly the wheels of the law began 
to move. Partuviunt montes , nascetui 
r id ic idus mus . The mountains labox, and 
biing forth a little mouse. Justice in all 
its majesty labored and pioduced a 
lunacy commission. 

I was called beioie the commission 
seven times and testified lor many hours. 
The proceedings were strange. On the 
one hand, it was like a friendly get- 
together, with a lot of smoking and small 
talk. On the other hand, it affected all 
kinds of mles, procedures, and for- 
malities such as belong to a real trial: 
arguments between the District Attor- 
ney and the lawyer, objections and rul- 
ings by the chamnan or by the com- 
mission as a whole. If human lives had 
not been at stake it would have been an 
amusing caricatuie. But lives were at 
stake: not only the life of Robert Irwm, 
for whom the electric chair had more al- 
lure than terror, but also the lives of the 
many Irwins, Gedeons, and Byrneses of 
the future. 

I stated under oath: 

1. That Irwm suffered from a mental 
disease every time I saw him. 

2. That he always suffered from the 
same mental disease. 

3 That if he had not had this mental 
disease and if his— to my knowl- 
edge-decent personality had not 
been affected by this mental dis- 
ease, these three murders would 
not have been committed by him. 

4. That these three murders were in 
my opinion definite symptoms of 
his mental disease. 

5. That he was not in full possession 
of his mental powers during the 
night of the murder. 

That lunacy commission sat for seven 
months! The testimony taken at the pro- 
ceedings (and not all testimony was kept 
on the record) amounted to 756 type- 
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written pages, of which 311 pages weie 
testimony given by me One sentence m 
the final repoit has alieady become a 
classic: 'The fact that in reaching its 
conclusion the commission has not been 
able to interrogate Iiwm [Irwin had re- 
fused to speak to them] should be noted 
m passing.” “In passing”! 

The man m charge of the Irwin prose- 
cution was the chief of the Homicide 
Bureau, Mi. Jack Rosenblum. Mr. Ros- 
enblum was a little shocked that I de- 
fended the light of Robert Irwin as a 
sick man not to be electrocuted. Once 
he asked me, “What is your social 
philosophy?” I told him testifying m 
murder cases was not my profession and 
that was why I could do scientific re- 
seal ch on the subject. Practically, my 
inteiest was prevention. “There is one 
man in this case,” I said, “who tried his 
hardest all along to prevent these mur- 
deis. And that man is Robeit Iiwin. If 
you add it all up,” I went on, “he pre- 
sented himself 10 times within foui and 
a halt years to the pioper medical agen- 
cies to ask for help. Did he get it?” 

In November, 1938, be laced a par- 
tially filled juiy box. The first day was 
spent with the selection of jurois. The 
next day, after a consultation of counsel, 
a plea of second-clegiee murder was sug- 
gested and accepted Mi. Leibowitz told 
me that this came about entirely through 
my stand. Latei I learned that of the 
dozens of psychiatrists who had had con- 
tact with Irwin, who had kept him for 
years m state hospitals, diagnosed him 
as a case of schizophrenia with bad prog- 
nosis and what not, I was the only one 
who kept insisting that he was legally 
insane. 

Now the legal pait was over with. The 
plea excluded the electric chair. The 
Sentence to be pronounced later would 
be only a matter of arithmetic. It was 
merely a question of how many legal 
years a life sentence can have. 

When the curtain rose on the finale in 
the courtroom Irwin was all prepared for 
his speech to clear his “wounded name.” 

“Robert Irwin,” intoned the clerk, 
“have you anything to say before sen- 
tence is pronounced upon you?” 

There was a tense silence. Irwm 
cleared his throat. He began to speak in 
careful, measured tones. 

The judge interrupted him to say that 
he had already pleaded guilty and that 
the court wished to hear no extended 
oration. Irwin tried to break in, but the 
judge went on do recite the facts of 
the indictments and plea, and an- 
nounced the results of his additions: 
“One hundred and thirty-nine years.” 

The end of the story is best summed 
up in the words of the published report 
for 1939 of a psychiatric “Committee on 
the Legal Aspects of Psychiatry”: “An 
interesting sequel of the Irwin case is 
that the District Attorney, apparently 
convinced that the lunacy commission's 


repoit would not be sustained as a xesult 
of a trial, accepted a plea of guilty m 
the second degree, and that within 
about 10 days of the prisoner s reception 
at Smg Sing he was found by the puson 
physicians to be psychotic and was trans- 
teired to the state hospital for the crimi- 
nal insane.” 

R OBERT IRWIN was a gifted and 
promising young aitist, His was 
fundamentally a decent, unselfish, loyal 
character. What had gone wrong with 
him? 

Speaking of the night before Easter 
Sunday, 1937, Irwin said, “Eveiy bit of 
it was accidental.” That was a sincere 
statement. He intended to annihilate 
Ethel— and instead killed three other 
people. But when he used the term “acci- 
dental,” that meant only that the causes, 
the design, were hidden from him. If 
one understands the conscious and un- 



DREAM LEOPARD reminded Ir- 
win of "''Schopenhauer’s will that de- 
voured everything it [encountered].” 


conscious workings of his mind, there 
aie layers of patterns woven into one 
another. 

The most superficial of the hidden pat- 
terns behind his action is called the 
Herostiatus complex. Iierostratus was 
the ancient Gieek who deliberately set 
file to one of the most renowned build- 
ings of his time, the temple of Diana at 
Ephesus. He gave as his reason that he 
wanted to do something by which he 
would be famous through all the ages. 
He accomplished this goal. His name has 
become a byword and is known to many 
who do not know the names of the heroes 
of Thermopylae, the Bastille or Stalin- 
grad. Heiostratus must have suffered 
from some tremendous frustration, some 
ovei whelming inferiority, that made him 
seek acclaim and punishment at the 
same time. 

Iiwm also wanted acclaim. It was 
much more than the artist's desire for 
communication with a public. He want- 
ed omniscience— and that, of course, 
means knowing more than all the others. 
He was willing to pay for that the high- 
est price. Like the Nordic super god 
Wotan who sacrificed one eye to get 
omniscience, he was willing to sacrifice 
his sex organ. After the murders he first 
thought of giving himself up to Walter 
Winchell, then gave himself up to a big 


newspapei chain and evidently enjoyed 
the pioceedings. The puce was life, 
either the electric chan oi life imprison- 
ment. He did not have to give himself 
up, for his chances of escape for a long 
time were excellent. 

What mteiested him most about his 
trial was the show, the contest, and— 
after he had taken the plea— the little 
speech he was going to make. Many peo- 
ple daydream such events, but he acted 
them. Even the murder night had an 
element of bravado m its scope and 
ieiocity. 

Anothei of the more superficial pat- 
terns is what I like to call the flight into 
custody. In legions and periods wheie 
the inmates of stale hospitals and conec- 
tional institutions are humanely treated, 
one can find individuals who again and 
again voluntarily give up then freedom 
to surrendei themselves to the custody of 
the authorities I knew an alcoholic 
patient once who had done so 176 times. 
In the old Geiman psychiatiy such peo- 
ple were called Anstali&bummler. Of 
couise bad social conditions on the out- 
side have something to do with it. But 
there is such a thing as an emotional 
drive to flee from accustomed surround- 
ings and place oneself m the hands of 
official custodians. Irwm did that when 
at the age ol 18 he had himself com- 
mitted to the State Training School, and 
again later when he went to the psychi- 
atric hospital, and still later when he 
willingly returned again and again to 
the custody of the state hospital. 

Yeais bctoie the murder, when Irwm 
was still for me merely a case ol at- 
tempted self-emasculation— and not yet 
a case of murder— psychoanalytic study 
had revealed that his emotional conflict 
centered on his mother. However he ra- 
tionalized his ideas of visualization, it 
was to his mother that he wanted to re- 
turn in the glory of his attainment The 
conflict between mfantihstic conquest of 
his mother and elimination of hei image 
by flight or violence was the seciet, un- 
conscious blueprint that guided his life. 
His whole life was a flight from her. 

The victims of the murder night weie 
not so “accidental” as they seemed to 
him. On the murder night the original 
family constellation was repeated. Mrs. 
Gedeon was one of those psychologi- 
cal mother-substitutes that recurred 
throughout the course of his life. Hei first 
name, by which he called her, was the 
same as his motheTs. Her murder, pre- 
cipitated by her lefusal to let him see 
Ethel, was in its deeper motivations a 
symbolic matricide. 

Mr. Gedeon was absent— m fact, he 
was hving away fiom the family, some- 
what as Irwin's father had done. The 
father-image for Irwin had been a 
friendly one. He had met the Gedeons 
first about two weeks before he came to 
the hospital in 1932. When he went back 
to see them in 1934 he went first to see 
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Mi. Gedeon, whom he liked. On that 
occasion he met again the women of the 
household and decided to move into 
the house as a boarder. 

Frank Byrnes was no moie killed be 
cause Iiwin thought he was eavesdiop 
ping than was Polonius, who did listen 
irom behind the arras. Irwin, like Ham 
let, was flush ated m killing the one 
whom he wanted to kill (Polonius in 
HamUt was a hithei figure, Byrnes was 
a brother figure. ) 

In their development m time, the 
stages of Iiwm’s life leading up to the 
tiagedy of the muideis follow the five 
stages of the catathymic crisis. 

I. The stage of initial thinking dis- 
orders, which lollows the original pie- 
cipitatmg circumstances. n 

II. The stage of the crystallization of 
a plan, when the idea of a violent act 
emerges into consciousness 

III. The stage of extreme tension, cul- 
minating in the violent crisis, m which 
a violent act against oneself 01 others 
is attempted or earned out. 

IV. The stage of supeificial normality 
beginning with a period of lilting of 
tension and calmness immediately after 
the violent act. 

V. The stage of insight and recovery, 
with the re-establishment of an inner 
equilibrium. 

A ease like Ii win’s cannot be summed 
up m a Greek word. But at its minimum 
the designation catathymic crisis md.- 
eutes that there is a pathological condi- 
tion with a beginning and a course, and 
excludes the uupsychological chum that 
Irwin was a case of schizophrenia (de- 
mentia piaeeox), ununderstandable, 
bizarre, and incurable.” 

The intervening yeais, like an experi- 
ment, have confirmed my diagnostic 

had leUers from off 
. 051 • The y al 'e waim and close, show- 

ing no trace of schizophremc with- 
drawal, Several of his doctors have 
informed me personally that “he shows 
no mental deterioration/’ 

T . L . aSt I 7 int “' 1 received a letter lrom 
iwm. He told me how he was getting 
!n< l ui red about my health, and 
spoke about the cold weather. Then he 
wrote that he had found a spairow with 
one foot frozen off. “I am keeping it in 

die t’ / e ,' Wrote ’ "but I’m afraid it will 
rue. I don t want to kill it. And yet it 
cannot possibly live if I turn it free So 

sp, " lo * ot 

Ever since I got that letter I have been 
unabJe to dismiss the question from my 
mmd: Did society ever show as much 
oncein for sick Robert Irwin as he 
showed for a sick sparrow? 
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by James K. Newman 

Tkach; oh Prstikknok, by Theodor Rose- 
bery, Whittlesey 1 loose ($2,75). 

O N the whole I found (Ins a loss hor- 
rifying book than I had expected. 
Perhaps this is because the uncer- 
tainties of biological wail are, of which 
there are many, arc seized upon as proof 
that the entire business is only a night- 
mare; perhaps it is that, having got used 
to Hiroshima* the mind cannot bo ex- 
pected to boggle at the thought of em- 
ploying germs to “extend policy by other 
moans.” As a matter of lael. Dr, Rose- 
bery argues that from the standpoint of 
the receiving population biological war- 
fare, or RW, is probably no worse than 
atomic bombs, Physicists, we are told, 
most dread the biologists’ handiwork, 
while biologists, presumably on more 
familiar terms with germs, regard the 
atomic bomb as the peak oi human 
savagery. At any rate, it is with com- 
mendable restrain! that Peace or Pesti- 
lence unfolds its account of unlimited 
evil begotten by tribal fear, 

The idea of using germs to extermi- 
nate the enemy is not, as might bo sup- 
posed, of recent origin. It is said that in 
the 16th century Francisco Pizarro dis- 
tributed clothing contaminated by small- 
pox among the Peruvian Indians (al- 
legedly there* were Urns million vic- 
tims); there is better evidence for be- 
lieving dial in 1765 General Amherst, 
Governor of Nova Scotia, pursued the 
same practice among the native tribes of 
Canada, Pasteur used a fowl-cholera 
bacillus to destroy an army of rabbits 
that made the foolish mistake of disturb- 
ing the champagne bottles of Madame 
Pommcryks famous cellars in Rhcims, In 
more recent times the notion of utilizing 
disease organises for military purposes 
first occurred to the Gormans. The 
Merck Report (the J94G Report to the 
Secretory of War on Biological Warfare) 
notes that “there iwS incontrovertible evi- 
dence , . , that in 1915 German agents 
inoculated horses and cattle leaving U, S. 
ports for shipment to the Allies with 
disease-producing bacteria”; similar at- 
tempts were made or planned by the 
Germans elsewhere, Since the early 
1930s most of the major powers have 
had some sort of BW research under 
Way. Inconclusive but suggestive scraps 
* about both Russian and' 




A bacteriologist’s account of biological ivarfare , 
the under pub licized complement of the atomic bomb 


German activities have emanated from 
various sources; japan, the Merck Re- 
port discloses, was working on BW “in- 
tensively” from 1936 until 1945; our own 
major project at Gamp Detiick, Md., was 
established under the U. S. Auny Chemi- 
cal Corps in 1 943, 

Almost nothing is known about the 
progress of Army research in this field. 
Shortly alter the war the security lid was 
lifted a little but quickly clamped on 
again; BW facts are now more closely 
guarded than the lacts about atomic 
bombs, It is known that Camp Detrick is 
“one of the biggest and best-equipped in- 
stallations in the world for biological re- 
search and development”; that during the 
war it employed almost 4,000 persons, 
and that its present staff, while some- 
what smaller, is no loss skilled; that there 
are special “field-testing” facilities for 
BW in Mississippi and Utah; that in 
1948 a single appropriation item for 
Camp Dotriek came to $850,000. There 
have also keen published a few reports 
and technical papers apparently no long- 
er considered of military value. This 
comes close to being the sum of public; 
knowledge. Dr, Kosobury s book is there- 
fore welcome even though, because of 
existing restrictions, he has not been able 
to draw on his wartime experience as a 
bacteriologist at Camp Dotriek, 

BW, as Rosebury points out, is “bac- 
teriology upside down.” The normal par- 
ent science is concerned with under- 
standing the behavior of germs for the 
purpose of arresting disease; its inverted 
offspring is concerned with understand- 
ing the behavior of germs for the purpose 
of spreading disease. How to infect large 
numbers of persons, how to find and 
utilize the best carriers of disease, how 
to “alter the hereditary constitution of 
bacteria” so as to produce new strains 
which will be highly infectious yet re- 
sistant to high pressure, temperature and 
so on, how to poison animals and vege- 
tation, how to promote epidemics: these 
are the exercises of the upside down dis- 
cipline which appears right side up to a 
world standing on its head. 

At first glance the choice of infectious 
microorganisms for aggressive ends 
seems rich beyond the dream of military 
planners. Among the potentially useful 
bacterial diseases are tularemia, plague 
and melioidosis; cerebrospinal meningi- 
tis, cholera, typhoid and the bacillary 
dysenteries. The spirochetes offer re- 
lapsing fever and infective jaundice; the 
protozoa, malaria; the rickettsiae, typhus 
Tever, scrub tophus and Rocky Mountain 


spotted lever; the viruses, psittacosis, 
yellow levei, dengue, influenza, measles, 
mumps and infantile paialysis. Rinder- 
pest, foot-and-mouth disease, hog chol- 
era and fowl plague merit attention be- 
cause of their effect on animals. 

From this aggiegale the military, it 
might be thought, need only select the 
cultures easiest to produce and store to 
have an incomparable set of weapons at 
llunr disposal. Several factors, however, 
mu row the choice of diseases and limit 
the range of BW. This at least is the situ- 
ation at present. For example, RW is 
“distinctive among forms ol warfare in 
its requirement that the weapon be not 
merely aimed at the target but also 
suited for it.” There are, as previously 
indicated, agents effective against man 
yet impotent against animals; man, in 
turn, is invulnerable to many diseases 
affecting both plants and animals. The 
bacterium best suited for containing 
communism has not been determined. 

Killing die enemy, Hoselmry observes, 
is neither the only nor always the best 
of military objectives. This principle does 
not stem from the latent humanitarian- 
ism of generals; military thinkers merely 
consider “incapacitation preferable to 
killing, since the sick tie up medical per- 
sonnel and hospital facilities and other- 
wise drain the resources and impede the 
movements of the force that must care 
for them.” Diseases that would spread 
“somewhat but not too much” are highly 
favored for special operations: for in- 
stance, where the target city is to be 
captured, the disease arrested and the 
survivors put back to work. If the in- 
habitants of Topeka were all killed in a 
single raid it would be less of a disaster 
from our own military standpoint than if 
a third of the population contracted psit- 
tacosis; similarly, our chiefs of staff 
might regard the planting of a full-scale 
epidemic of smallpox in Minsk as a more 
valuable military achievement than wip- 
ing out the city overnight. 

What are the principal criteria for the. 
selection and application of BW agents? 
Rosebury ? s list includes “infectivity,” 
“availability,” “epidcmicity,” “therapy,” 
“detection/* “casualty effectiveness,” re- 
sistance,” “retroactivity,” “means of 
transmission.” Most of these items are 
self-explanatory though a few require 
brief comment. 

With respect to “infectivity” and 
“casualty effectiveness” you may recall 
the sensational articles of a couple of 

S ago announcing the extraordinary 
propertied of botulinus, a toxin 


produced by Clostridium botulinum. A 
single ounce of the pure toxin, it was 
claimed, could kill 200 million or more 
persons The basis for this asseition was 
a senes oi experiments m which minute 
quantities of the toxin were injected into 
Lhe most uncomplaining of laboratoiy 
assistants, white mice. 

Simple aiithmetic then gave the con- 
clusions applicable to human beings. It 
is sui prising that the newspapers ovei- 
looked other and more unpleasant possi- 
bilities. Milligram for milligram the 
pneumococcus is 20 times as effective as 
botulinus; the stieptococcus (in its ca- 
pacity for pi educing sore throats), 100 
times; the tularemia bacillus, 15,000 
times. But it is essential to realize that 
this is a theoretical maximum for inlec- 
tion without regard to resistance, thera- 
py, epidcmicity and other factors. En- 
tirely apart hom these factors the 
botulinus story was both mischievous 
and stupid. Botulinus is a toxin, not a 
self-propagating disease; it would have 
to he spread by hand; il would probably 
be as feasible to kill millions of persons 
with a hatpin as with botulinus. Theo- 
retically, however, il is possible. 

Resistance refers to Lhe infective 
agents* “capacity to withstand environ- 
mental influences that are in some degree 
destructive, like drying, the ultraviolet 
radiation in sunlight, high temperatures, 
or high concentrations of disinfectants.” 
ft is also necessary that the germ main- 
tain its viiulence under field conditions. 
Some organisms are unusually hardy: the 
spirochetes of relapsing fever remained 
alive and virulent in ticks that had been 
starved for five years; others, like the 
tularemia bacillus or the spirochete of 
syphilis, are extremely delicate, dying 
quickly unless hospitably treated. Even 
fragile agents, however, may be useful, 
since any germ crossed with haidier 
strains can pi obably be “stabilized” 
while retaining its infectivity. 

Retroactivity-an awkward word for 
conveying Rosebury 's thought— lefers to 
the possibility of backfire when using 
BW agents. What is die chance that a 
given disease bacillus, used offensively, 
would infect die civilian population or 
the troops of the nation using it? A broad 
answer to the question is manifestly; |m- 
ossible. The danger of boomerang epi- , 
emics would depend on the agent used, 
on the terrain, the climate and die oth- 
er conditions of the conflict. Laboratory 
research on BW agents is perilous,, but 
this problem was 'satisfactorily solved”;’ 
during the last war even f6r tbe deadlfeSt ! 




The EPITOME of 
Andreas Vesalius 

Translated hy L. R. Lind, Ph.IL 

Here for the first time 
is the complete Eng- 
lish translation of a 
classic in the field of 
science. Although 
Vesalius intended 
the EPITOME to be 
a guide or brief 
manual, he skill- 
fully compressed a 
large amount of 
scientific knowl- 
edge within a lim- 
ited space In addition 
to being a descriptive an- 
atomy, the EPITOME is also an 
anatomical atlas containing thirteen famous 
woodcuts which show bones, muscles, ex- 
ternal parts, nerves, veins, and arteiies. 



The book contains 32 pages of introduc- 
tory material giving a concise account of 
the life and woiks of Vesalius, 105 pages 
containing the English translation, followed 
by the complete Latin text and all the me- 
ticulous wood-cuts as reproduced from the 
original. Anatomical notes by Dr. C W. 
Asling follow each chapter. 

Probably $7.00 


MAGIC 

IN A BOTTLE 

by Milton Silverman 
Second Edition 

This is the fascinating story of modern 
drugs recounted by a brilliant story teller. 
You will learn how morphine, penicillin, 
and aspirin were discovered — how cures 
were found for beri-ben, sleeping sickness, 
and malaria. Medical research is brought to 
life as it is described in the terms of the 
men and women who made great discoveries. 

"MAGIC IN A BOTTLE 
is a second edition of 
one of the best 
popular accounts 
of the history of 
medical research.” 

Chicago Sunday 
Tribune 

M Dr. Silverman is 
one of those race and 
gifted men who can 
interpret science, in- 
cluding medical fence, 
to the intelligent laity 
without offending the scientists." 

Frontiers 13.50 


THE MACMILLAN COMPANY 


toxins and oigunisins. Lai go-scale pto- 
clued ion under salt 1 conditions of ouUuies 
sncli as the \imlenl psittacosis “soup'' is 
anotlici matter; and as loi the i isks to 
the attacker ol actual germ war! art*, 
Rosebiuy olleis only speculative and not 
necessarily reassuring conjectures. 

When suitable, lnucly, virulent, sol 1 - 
propagating agents— pi elerahly genus 
that will eat the enemy but have no taste 
lor the attacker— have finally been se- 
lected, when satisfactory methods ol pi o- 
dneing and storing RW cultures in quan- 
tity have been found, there still lemains 
the most inti icale and uncertain aspect ol 
BW— the inannei of transmitting the ba- 
cilli. No one really knows, Koseburv ad- 
mits, what germ bombs can do and “how 
one [can] get them to do it.*' The small 
field tests earned out thus far, however 
useful, provide no assurance that disease 
germs can effectively be spread in wai- 
lime. Water and food supply undoubt- 
edly can be contaminated by saboteurs, 
but it seems doubtful that this method 
would lend itself to widespread and re- 
pealed operations. Brucellosis, a disease 
which under natural conditions spreads 
“uncontrollably" among animals, could. 
Hose bury thinks, be used cheaply and 
easily once there were access to enemy 
territory. The spreading of bacilli by 
hand, however intrepid and ingenious 
the saboteurs, is clearly inferior to 
spreading by air, provided this method 
is ul all feasible. The aim would be to 
disperse "clouds of bacilli” over densely 
populated ureas. 

Despite the uneerlainlies and difficul- 
ties involved, Kosolmry entertains “no 
serious doubts” that successful BW is 
“not beyond the ken of human genius.” 
The necessary cultures can, ho believes, 
be produced in grout quantity; the dis- 
semination mechanism, while perhaps 
entailing novelties of design, cannot con- 
tinue to elude our ingenuity; the synthe- 
sis of epidemics, though a new science, 
will not defeat scientists if they ate as- 
sured of “adequate funds, space and as- 
sistance.” 

I do not altogether share Roseburyks 
faith in the ability of science and tech- 
nology to solve each of the problems he 
has set forth, flis discussion of defenses 
against BW seems thoroughly inade- 
quate, however valid his conclusions 
may bo; “As a whole [the defense] is 
pitiably weak.” A more serious deficiency 
is his J ailurc to consider how the ma- 
chinery for disseminating BW could be 
bi ought to the target. P, M. S. Blackett’s 
Fear, War, and the Bomb has made at 
least three points clear: first, that in a 
war between Russia and tire U, S. each 
would face special difficulties in convey- 
ing bombs to the respective target areas; 
second, that guided missiles cannot yet 
be depended on to reach the mark; third, 
that fighter and other defenses appear, 
for the time being, to hold a real advan- 
tage over the larger and heavier bomb- 
ers. I fail to see why these points do not 


apply to BW bombs oi other drspeisnig 
machinciy Tlieii validity, to be sme, is 
only Icinpouuy, but in discussing the, 
characlri ol Inline wailuio, ('specially 
undoi the piesenl superheated eoudi 
lions, it would be better to limit specu- 
lation to probabilities arid to foieseeable 
events. 'Too frequently Hoseburyks pie- 
dictions depend on a chain ol doubtful 
“ils” and pineal ions hypothelieals 

The last third of Peace or Peslilenea 
is devoted to a since) e plea lor sanity 
and moderation in Soviel-Amencan al- 
I airs. The gist of the argument is that 
men can have peace il they want it and 
that the alternative, another war, even 
il BW plays no path is eta lain to cfioct 
the nretrievablo ruin ol a large pm lion 
ol lire globe. The future of all life may 
be hideously twisted by the aftereffects 
ofeilhei atomic bombs m biological war- 
fare. To believe that a war entailing such 
consequences could at the same time 
preserve democracy and uphold the 
“dignity of the individual” is surely in- 
sane as well as monstrous. Perhaps it is 
no more deranged than the notion that 
preparation lor war can safeguard peace. 
It would Ik* well to recall the* "bitter les- 
son of history” as slated by Viscount 
Orcv of Kallodou in his momoiis; 

“Great armaments lead inevitably to 
war. . . . Thu increase of armaments that 
is intended in each nation to produce* 
consciousness of strength and a sense of 
security, does not produce these effects. 
On the contrary, it produces a eonseioi is* 
ness of the* shenglli of other nations and 
a sense of (ear. Hear begets suspicion and 
distrust and evil imagining of all sorts , . . 
it was these that made war | in IBM] 
inevitable.” 


M ust Wk HumP, by B. l«. Lapp. 

Addisoa-Wesley Pi ess ($8.00). 
"No,” says Dr. Lapp, presumably an- 
swering Dr. (No Place to Hide) Brad- 
ley. Lapp, a physicist who worked on 
the Manhattan Project, does not foresee 
atomic: warfare in tin* near future. He 
judges Russia unable to mount a heavy 
assault before 1900 or oven later; ho 
believes feasible defense measures, in- 
cluding some moves toward decentrali- 
zation, would substantially mitigate the 
effect of atomic bomb attacks if and 
when launched against us; he dismisses 
as militarily unimportant the damage 
saboteurs might inflict with a low 
“smuggled” bombs; he is equally skep- 
tical about long-range guided missiles 
and the vaunted powers of the B-8G, 
Lapp believes l hut if war cannot Ik; pre- 
vented we might succeed in a “limited” 
offensive, io., by an “initial air blitz” 
which would cause the Russians to 
change their minds. Meanwhile we 
should continue our present policies. Ilis 
political insight (and his style) are typi- 
fied in the following passage: “Since war 
is to be brought homo to the Russian 
people, it is clear that psychological and 





social forces may be more important 
than purely military weapons. One re- 
calls, foi instance, how amazed Russian 
soklieis were to diseovoi that privates 
in the American At my woie wrist 
watches. Communist teachings weie 
given a severe jolt by these minoi inci- 
dents. Many such subtle approaches can 
bo followed and more would evolve 
irom sei ions thinking on the subject.” 

C iniiDitKN Dikgovkh AumiMimc;: An 
Intiioduction 'jo Stiuictuiuyl 
Aiuthmftic, by Catliei me Stem. I Lai per 
and Brothei s ($4.50) A remit sloiy m 
The New Yorker told ot a man who 
did aiithmelie by i uniting the lip ol his 
tongue over the points ol imaginary 
dominoes on the iooi of his mouth. Most 
adults would be satisfied d they could 
do as well, and theie is no lack of addi- 
tional evidence to show that die leaching 
ot elementary aiithmelie is in need of 
repair. In this book a highly gifted, im- 
aginative educator with a sound training 
in both mathematics and psychology 
presents a fiesh approach to the peda- 
gogy of arithmetic, based upon years ol 
actual experience. With the aid of sim- 
ple, inexpensive equipment and as part 
of their play activity, Di. Stem, Director 
ol the Castle School m Now York (lily, 
leaches ordinary children, some as 
young as two and a half, “the first steps 
in quantitative thinking/’ Eliminating 
the usual counting procedure, she substi- 
tutes in its place the matching of con- 
gruent blocks, the fitting ol difl'eienl 
blocks into slots of corresponding length, 
and so on. Only aflei the child knows 
evciy combination ol the blocks which 
adds up to 10 arc the number names in- 
troduced. This Gestalt or structural 
method is then extended to all the opeia- 
lious of arithmetic, to fractious, decimals 
and to numbers of every size. 

A I Iistohy of SruKNGK, by Sir Wil- 
liam Dumpier. The Macmillan 
Company ($5.95), A fourth revised and 
enlarged edition of this standard work 
carrying the account of scientific events 
through the war years. For all its merits, 
which are considerable— indeed, in scope 
and readability there is no comparable 
account— Dam pier’s scholarly work is in- 
adequate in its treatment of psychology, 
sociology and the other social sciences; 
a worse defect is its failure to consider 
the social function of science, the eco- 
nomic and related aspects of modern or- 
ganized research and the impact of the 
problems of contemporary society on the 
scientist and his work. Nonetheless, 
Damp tor's more conventional approach 
to his vast subject, along linos similar to 
those followed by William Whcwoll a 
century ago in his famous History of the 
Inductive Sciences , has the advantage of 
being straightforward and unencum- 
bered by contentious issues, and the 
book unquestionably deserves its high 
reputation, J, R, N. 
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ETTING ciiclcs aic graduated rings 
that enable the astronomer to set 
his telescope exactly on desired 


in published lists, without even looking 
at the sky. Since those circles are a 
luxury, they are not usually fitted to the 
beginner’s telescope. This is good, be- 
cause it compels him to learn the skies. 
The larger instruments that amateurs 
usually build after a year or two are 
generally equipped with setting circles, 
one attached U> the polar axis to indi- 
cate celestial longitude, the other on 
the declination axis to show coles lull 
latitude, 

Ralph Ingels Fenu of Kokomo, hid,, 
has placed his circles on the inside wall 
ol his observatory instead of on his tele- 
scope, and he has connected them with 
Ins telescope by means of Kolsyn elec- 
tric position-indicating equipment. Thu 
illustrations below show the Selsyn trans- 
mitters, the concrete pedestal of the 
telescope, and (lie circles and indicators 
ou the wall, 

All this may seem to he unnecessary 
complication, but Fenu correctly states 
that “we have found this much more 
satisfactory for a small observatory and 
telescope than the standard circles 
mounted directly on the respective axes 
of die telescope. They are out of the way, 
and the figures may bo made much 
larger, more legible and better illumin- 




ated without interfering with the tele- 
scope. “I hope,” Fcnn concludes, “that 
others will enjoy using Selsyns as much 
as we do.” 

Tin ough their use on aircraft and else- 
where as position indicators, Selsyns 
have become widely known. Each trans- 
mitter is connected olcetiieally to its 
rotor and indicating poinlci. The lotor 
mimics with high accuiacy any and all 
motions ol the transmitter, whether last 
or impel cep ti lily slow, forward 01 back- 
ward, legular or irregular, so that the 
two i unction as il mechanically geared 
together. This is line whether the three- 
wire cueuit that connects them is an inch 
or miles in length, So surprising is this 
mimicry that the novice usually tries to 
fool the indicator by turning the trans- 
mitter in ii regular ways. The party 
fooled will always bo that ol the first 
pail, however, tor the transmilloi and 
rotor pairs me inexouibly “goaied" to- 
gether by electrical forces, and l law woik 
as one, 

Selsyns, made bv the General Eleelrie 
Company, art* induction motors with 
three-coil, (luce-phase wound rotors. 
Their popular designation as motors is 
correct, but misleading, since they are 
seldom (silled on to spin rapidly as most 
lanuli.u motors do. 

*T attached one indicator to the con- 
crete pier of my telescope,” Fenu writes, 
“so that its shaft would bo precisely 
parallel with the polar axis, and another 
indicator parallel to the declination axis. 
Cotds running on these axes transmit 
the angular rotation of the telescope to 
the Selsyn transmitters through pulleys 
of exactly equal diameter, arranged so 
that transmitter and indicator will turn 




m the same dheetum, Small weights at 
t ho ends of the cords keep the slack 
taken up. 1 did not have space to use 
gear trains instead of cords. 

“My Selsyns were surplus-stock mil- 
road-signal equipment designed to woik 
on 45-volt diieet current, but weie 
easily ocmveiled lor t 10- volt 60-cycle 
alternating cun cut by the insertion ol 
an electiolylic eondensei, following in- 
structions included with them. 

“The impulses from the Uan.smitters 
are curried by triple wiies to the nidi- 
calms. These an* equipped with nino- 
moh dials of heavy paper, with the mi- 
memls loi the hour angles and degiees 
printed on them in India ink and lac- 
quered over. They ate recessed in a 
frame with concealed lights (red, very 
dim) at either side. 

“When 1 lirsl go out at night 1 locus 
my telescope ou some bright star that I 
am familiar with, center it in the field, 
look up its right ascension and declina- 
tion in the* star atlas, and then, after 
raising the drive cord of! the transmit* 
ter pulley, t turn il manually until the 
dial reading is correct. The same pro 
eedure is followed lor the declination. 
From then on l can I or go l local time. 
To find an object l need only point the 
telescope to its coordinates listed in the 
atlas. Once tin* basic lime for a known 
star is taken, all oilier stars maintain 
their respective locations for (hat night. 
This is essentially (he piineiplo of the 
slip ring that is described by Russell W. 
Porter in Amateur Telescope. Making 
page M5, 

“I once heard Mr. Porter say that ho 
hoped all amateurs’ telescopes that are 
on fixed mountings would some day he 



Decimation axis and transmitter 




Polar axis and Selsyn transmitter 
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equipped with Selsvns, and tlial one 
not'd only operate a telescope tlms 
equipped to appieeiate the eomoniener 
and aoeuiaev they ollet. loom experi- 
ence I eonfiim this enllmsiastiealK . 
Mine are a gu\U iinpro\ emenl over the 
circles on the telescope, as l loimerly 
used them.” 

D ISCOVKKY ol a star within only 
six light-years ol the sun has heen 
announeed hv Dr. Willem |. Luj ten, di- 
1 color ol the aslionomieal obseiwilmy 
at the University ol Minnesota. It has 
heen named L 726-8, the letter L being 
in honor ol the discoverer, Jollowing *m 
established cnslom m the astronomical 
world. Only two stars, Proxima and 
Alpha Coulauri, holli 1.3 light-vears dis- 
tant, arc* nearer the solai system than 
L 726 8. The newly diseoveied star is a 
double ol the visual type. Both com- 
ponents are extremely dim red objects, 
visible only in very large telescopes. A 
short time ago one ol them Hared up in 
an atomic explosion. 

A low ol the textbooks of astronomy 
contain lists of the very nearest stars to 
our solar system. 'Though these have no 
special significance, they are ol some in- 
terest as our nearest neighbors in outei 
space. Ati uncommonly lull list of these 
ptepared by the astronomer (h P. Kuiper 
appears in William T, Skilling and Hub- 
ert 5, Richardson's Astronomy. It names 
29 stars within a radius ol 12.7 light- 
years ol the sum Kven this short distance 
relative to known space, only 75 trillion 
miles, is virtually meaningless, since the 
human mind cannot conceive a greater 
distance than a human being can 
traverse and then look hack across. If 
we try to imagine ot conceive a greater 
distance than this, such as the 3,000 
miles wo may have traveled from ocean 
to ocean, we succeed only in a kind of 
additive or synthetic fashion, by at- 


Icmplmg to combine the sepauite f 
‘looks.' 1 Only by some kind of absliac- 
Bon oi miniature ol the reality, such as 
a map or globe, can we imagine or think 
we imagine even 3,000 miles. Large 
as is the 75-tjillion-mi!e radius ol the 
neailn spheie ol space containing 29 
(now 30) known slais, it represents ap- 
proximately one hunched-millionth the 
mdius ol known space, the billion light- 
veal s which has ah eddy been reached by 
the 200-inch telescope on piehminary 
hials. 

The veiv nearby stars do not foim a 
system, they arc simply the stars that 
ait* near us oi, moic pointedly, that we 
are near. Within this tiny, spheiieal bit 
ot the univeise theie aie two slais, 
Siiins and Pioeyon, which arc v icspoe- 
lively 21 and 5.8 times bnghtei than the 
sun; Alpha (amlauri, which just equals 
the sun in brightness; and 27 olhcis 
much dimmer than the sun. Most ol 
these are “cool" bodies ol type M, with 
a temperatine of 3,000 degtees O, or 
lower. 

L 726-8 is a binary star with a peiiod 
oi revolution ol 20 to 25 veais; its exact 
period cannot bo determined lor many 
years to come. The two components, one 
ol which is 10,000 and the other 60,000 
times less blight than the sun, aie some- 
tiling less than 300 million miles apart. 
Together they are moving away from 
the solar system at 26 miles a second* 
Thirty thousand years ago they were 
very much neuier than they are at the 
present time. 

Both components ol the double star 
are surrounded by huge clouds of incan- 
descent hydrogen and calcium gas. On 
December 7, 1948, the fainter com- 
ponent was seen to fhue up suddenly to 
12 times its nminal brightness, and sub- 
side within 20 minutes. Here, Dr. Luy- 
ten said, is a phenomenon that is thus 
far unique among the slais. “In this very 
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O Clo$e~oul 

3"Achromatic 

Telescope 

' final lot of 4 telescope 
obiectives of the Harry Ross "Double-Star" series, 
because our greatest market is in "tailor-made" 
diameters and focal lengths These are the same 
lenses that originally sold for $60 00 We now 
offer them for $45 00 They have a 3" free aper- 
ture (75 mm.), 40" focal length (1000 mm.) This 
air-spaced Jens is strain free, mounted in a 
smooth satin-back aluminum barrel Each lens 
carries a money-back guarantee* "You will be 
satisfied " Devise any test you please for this 
lens, it must pass Order loday and be the proud 
owner of observatory quality telescope objective 
at this low price of $45,00. 


VARIABLE 
DENSITY FILTER 

Genuine Polaroid va- 
riable density device, 
2%" diameter. Com- 
plete new stock. 

Postpaid $2.35 


FRISMS ffTfjjl 
Water — white ■ B ill 
crown glass of ESSgH 
excellent qual- 1111 II 
ity. Government |[ I j|^T| 
inspected and | Mil 

accepted. No W ^ t^Jl Hj 

chips or roughs. 

45-90-45 degrees 

in mounts. 

Sixes: 

Vo" x % M (23mm) Or 75c 

I W‘ x P/u" Or $1.50 

Back silYorod unmounted slid 

4" (102mm) x IVY' (38mm) <<n $3.00 


INFRA-RED 
FILTERS 
Complete in 
mounts, ready 
to snap on the 
objective of any 
standard 7 x 50 or 6 x 30 binocular. Photo- 
graphic filter #88. Extremely interesting 
photographic possibilities. Many light op- 
erated electronic relay problems solved with 
this filter. 

Finest optical glass, mounted. Set $1,00 

VARIABLE DENSITY FILTER 

For Binoculars 
Complete with Eye- 
cups to fit 7 x 50 i 
and 8 x 56 B & L, 
also 7 x 50 Dienst- 
glass, or adjustable 
to your glass. If you 
use binoculars on 
land, sea, mountains or air, you will 
welcome the comfort of this Variable Den- 
sity Filter in the control of light and glare to 
assure best seeing conditions. Simplicity 
itself* Synchronized levers control both fil- 
ters simultaneously. Can also be adapted to 
photographic work, U.S.C.G. perfect stock. 
Individually wrapped. Set complete $1,50 
SPECIAL COMBINATION PRICES:— Variable 
density filter and Infra-red filter set, $2.00 

Include Postage — Remit with Order 
Send 50c for Up-to-minute Catalog 

HARRY ROSS 

MICROSCOPES 

Scientific and Laboratory Apparatus 
70 West Broadway, New York T, N, Y. 
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LIFETIME GUARANTEE CERTIFICATE 
SENT WITH EVERY BINOCULAR 



ARMY— MEW 
°b * T 3o D $48.95 

Made for the U S 
UUIY TUm Had To Be 
Good' BRAND NEW 
Lightweight Coated Ov 
Uca Iiuhvaliul Fotut.- 
sing Complete with 
quality fleet e lined lealli- 
er ea^c anti straps Add 
2 (1 ''f FEDERAL TAX 


MILITARY TYPE BINOCULARS 


Gvl’j $19 95 

6x25 $26 75 

$34 75 

7x50 $44 00 

TOO Coated $52 50 
10x50 $55 00 

1()\50 Coated $65 00 
Made to rigid military 
specifications Seven to 
t house from For top 
quality performance, con- 
sider these all purpose 
six, seven, eight and 
ten power binoculars. 
All hare superb nptjrs, hghl weight metal bodies In- 
dividual focussing Moistuio and dust proofed These 
brand new glasses tome complete with genuine leather, 
plush lined case and straps Coated price means entire 
optic system is precision coated Superb bincouulars 
Add 20 FOR FEDERAL TAX 



BINOCULARS (4-16 POWER) 


4x40 Conestoga New $ 7 95 

6x30 Bausch & Loinb New Coated USN 69 00 

6x30 Bausch & Lomb U. S Navy. Used 45.00 

7x50 U S Army NEW. Coated 78 00 

8x30 German Carl Zeiss NEW. Coated 98 00 

8x30 Monte Carlo New 31 95 

10x35 Monte Carlo New . 54 50 

12x38 Monte Carlo New . , 64 50 

16x45 Monte Carlo New 77.50 

16x40 German Carl Zeiss. 22 Ozs Like NEW 135 00 
30x53 Telescope Now (No tax) 29 50 

IOx-20x-30x-4GX Variable Telescope New. 

Coated No Tax 47.50 


Binocular rases anti straps Included 
A tlrf ! 3 (tty for Federal Tar, 

MONEY BACK GUARANTEE 

U&o at our risk and expense' If not fully satisfied, re- 
turn for a full refund ORDER TODAY! Send $2 OO 
deposit and we will ship C O.D for the balance. Cash 
orders shipped prepaid. 


UNITED PRODUCTS CO. 

7941 So. Halsfod DoptARF-127 Chicago 20. III. 
(ltHcienoc Dttn it Btadstiaet ) 


WAR SURPLUS 

ACHROMATIC TELESCOPE OBJECTIVES— 

Perfect Magnesium Fluoride Coated nml cemented 
Gov’t Surplus lenses made of finest Crown and 
Flint optical glass. The> are fully c Directed and 
have tiemendous resolving power Guaranteed well 
suited for Astronomical Telescopes, Spotting 
Scopes, etc. Original Gov't cost approximately 
$100,00 each. 

Diameter Focal Length Bach 

Iflm/m (2 A") flUOm/m (23%*) .$12-50 

ftJra/m (3 »/*'') 87l»m/m CMV 2 ") ..$28,00 

7i»m/m (3*) ID? 1 m/m (15") $19.00 

Slm/rn (iV) G22m/m (24, %") . . $22.50 


40 POWER 


TELESCOPE 

Coated Lenses 


40X— FINE for Astronomy 

30X— SUPERB for Lonq Distances 

20X— EXCELLENT Spotting Scope 

lox— WONDERFUL for Close Study 

Precision American Made "Variable Power Tele- 
scope (not war surplus) FOUR TELESCOPES 
in Onev 10X, 20X, SOX. and 40X Magneuitm- 
fluonde Hard Coated Lenses Achromatic Ob- 
jective lens 2%" (53m/m) dia. Length closed 
open 27%*. Genuine Leather cov- c -~ 
eriug Weight 2S ozs . 


8 POWER FEATHERWEIGHT BINOCULARS 

Small, compact (8 x. 2,5 French, not surplus) All 
around sport glass; use for Races Hunting, Bird 
Studv, etc. Complete with Carrying 
ami Straps $60 00 Value , , -rZY./D 

*plua $5 95 Excise tax— Total $35.70 

27 POWER SPOTTING SGOPE LENS SET. 

Consists of Big Sttm/m i2,^*> Dla Coated Ob- 
jective Lens, 2 Prisms, Eyepiece Lenbes Instruc- 
tions All optics cemented and Per- . 7e 

feet or near Perfect .Sot >lo-/5 
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LENS CLEANING TISSUE— Here is a Wonder- 
ful GOv’t Surplus Buy of Perfect Paper which 
was made to the highest Gov’t Standards and 
specifications, 500 sheets, -- 

size x li" $1.00 


Send stamp lor "Bargain" List 


WE £AY THE POSTAGE 
A. JAEGERS 93- 08 A 95th Ave 

V - ^ OZONE P4RK16, N. Y. 
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faint stai the atomic explosion— foi such 
it must have been— amounted to the 
equivalent ol a billion atomic bombs of 
the Huosluma type.” 

The discovery oi L 726-8 was not 
made visually, but by comparing photo- 
giaphic plates made by Dr. Luyten m 
1930 at the Harvaid University Observa- 
toiy in South Africa with plates that were 
taken by him at the same observatory m 
1944, and with other plates that were 
made at the Univeisity of Arizona and 
at the Union Observatory m Johanncs- 
buig, South Africa. 

Dr. Luyten was the discoveier of an- 
other dim stai only 9.9 light-years from 
the sun This beais the designation 
L 789-6. He is best known for Ins dis- 
covery of 70 wlnte-dwail stars of the 
type having exceedingly high density 
Born m the Netherlands East Indies, he 
came to this countiy m 1921 and was 
connected with" the Harvaid College 
Obseivatory from 1923 to 1930. 

I F eveiy amateur telescope maker were 
given an optical flat perhaps one foot 
m diameter, it no doubt would quickly 
become customary to test paraboloidal 
minors for reflecting telescopes at the 
focus, instead of at the center of curva- 
trne. (The latter is now the usual method 
because few own the necessary flats.) 
Testing would then be simpler and, some 
asseit, twice as precise. The woikcr 
would not seek to obtain the conven- 
tional minor shadows, but instead 
would alter his minor so as to eliminate 
all shadows This test at the focus is ex- 
plained m Amateur Telescope Making, 
page 16. 

As a secondary result of the universal 
possession of flats, refractois might be- 
come as plentiful as reflectors, which 
may be made without a flat as an acces- 
soiy; they might become more plentiful, 
m fact, since many considei them 
superior. 

While glass flats do not grow on every 
bush, the principal ingredient of a liquid 
flat costing only a dollar or two does 
giow at every filling station. It is a pan 
of common lubricating oil. The same 
Robert L. Walancl of St. Andrews, Scot- 
land, who made the exquisite six-inch 
lefractor described m this department 
last July has experimented with oil flats 
and made them perform satisfactorily. 
He has used Ins technique to make 3/2- 
and 6-inch achromatic lenses; m fact, 
lie was able to work their surfaces to 
one-eighth wavelength tolerance— four 
times as close as necessary for an objec- 
tive lens. 

Waland’s first drawing shows how a 
mirror may be tested with an oil flat, an 
arrangement somewhat comparable with 
the one in Amateur Telescope Making , 
page 15, except that a Ronchi test grat- 
ing is used instead of a knife-edge. The 
secondary mirror shown may be alu- 
minized, or a prism used, to gain added 
and usually needed reflectivity. By using 


a slit and a 35-watt headlight bulb 
shielded fiom the testei’s eye, Waland 
obtains enough reflected light to make 
the test 

This test is not lecommended foi mii- 
rois largei than about 10 inches, be- 
cause of the sag m their necessaiy 
edge-supported, horizontal position. A 
poor secondary mnroi also will impair 
the test, just as it will impair the per- 
formance of the telescope— often causing 
the eyepiece oi primary minor to be 
wrongly blamed 

The second Waland di awing shows 
the oil flat as used m the autocollimation 



Oil flat for min or testing 


test of an objective lens. The lens lies 
m its cell, which rests on a circular 
wooden frame (shown also in eleva- 
tion) with three equidistant leveling 
screws. 

Now some precautions Waland gives 
on the basis of his experience. 

1. The oil, a medium “lube,” should 
be placed m a container at least two 
inches greater m diameter than the lens 
or mirror, to avoid capillary effects at 
the edge 

2. The container should rest on a rigid 
foundation, not on a wooden floor. 

3. The oil should be clean and free 
from surface dust. If dust disturbs the 
surface a strip of metal should be trailed 
over it to draw the particles to one side. 
If a few particles persist, no harm will 
result, since the worker can easily rec- 
ognize and ignore them. However, 





Waland explains, “I have not used the 
knffe-edge test with oil; I use the Ronchi 
test. With the grating very near the 
focal plane, so that about two lines 
travel se the smface, it is veiy easy to 
differentiate between optical eirors and 
local distui bailees of the surface due to 
dust and so on. But I should imagine 
that the oil surface would have to be 
particularly clean lor the knife-edge test; 
otheiwise it would be confusing/’ 

4. Calm days aie best, wind outdoors 
distui bs the oil surface. Slamming doors, 
footsteps, heavy tiaffic m the neighbor- 
hood 01 othei human distui bances may 


& (cp 



limit use of the oil flat to the late hours 
of the night. 

5. Even on calm days a draft excluder 
should be placed round the container, 
as shown m the drawings. This should 
reach three or four inches above the oil, 
to reduce convection currents m the air 
which so easily cause disturbances of the 
surface. 

6. To avoid temperature differences 
when such exist, the test apparatus 
should be left for an hour before being 
used. 

These are not difficult precautions, 
yet it is safe to say that a few will omit 
some of them and report that the oil 
flat is worthless. 

“Use mercury instead of oil?” In reply 
to this question, Waland wrote, “Don’t!” 
He tried it. Though he was able to watch 
the Irish boat train 15 miles away, he 


says, “The mercury legisters every 
tremor.” The same effect with a water 
flat was described by Portei m Amateur 
Telescope Making , page 60. Neither 
water nor mercuiy has much viscosity. 

A hint foi an experiment comes from 
Waltei G. Thompson of Minneapolis, 
Minn. “Five per cent of sodium carboxyl- 
methy 1-cellulose, obtainable from E. I. 
du Pont de Nemouis, Inc., when added 
to water, will damp its surface waves 
by increasing the viscosity several thou- 
sand times. Proper technique is to stir 
the powdei and water together and 
let the mixture set overnight. On stand- 
ing, the air bubbles m the mixture will 
rise and buist. Warm or hot watei in- 
creases die rate of solution.” 

D ESPITE the pievalence of aluminiz- 
ing for telescope mirrors, silvering 
is bv no means extinct and probably 
never will be, “It is often a problem,” 
H. Lynn Bloxom of Fort Dodge, Iowa, 
states, “to diy freshly silvered minors 
without leaving some trace of the dis- 
solved mattei contained m the fluid last 
used for linsing. These impuiities often 
lasten themselves to the mirror with 
great tenacity. When the last watei nnse 
is followed with giain alcohol, as is often 
done, the results m nearly all cases ap- 
proach perfection. But generous use of 
grain alcohol is a privilege not enjoyed 
by all. The drying can be done quickly 
by flowing ovci the mirror a verv dilute 
solution of soap m distilled watei. When 
this solution is rinsed off with pure water, 
the watei rolls off as from a duck’s back. 
But no hard water should be used to 
nnse off the soap, since this would leave 
a gieasy precipitate.” 

Micrometric contr ol of silvering is ob- 
tained by Clifford E. Lloyd of Thomp- 
son Ridge, N. Y., by the following simple 
method. 

Instead of mixing the silveiing solu- 
tion and the reducing solution, the two 
are put m separate dishes and the mirror 
is dipped first m one, then in the other, 
and so on By this method silvering takes 
about 10 minutes, but can be closely 
watched. A larger proportion of the sil- 
ver goes on the mirror and Lloyd finds 
the coating thicker than any he has ob- 
tained by the regular method. 

Continuing on another subject, Lloyd 
says: “I made a mirror-grinding tool of 
Wood’s metal, which has a melting point 
of about 147 degrees Fahrenheit Thus 
a tool of this metal may be made by 
pouring it on a piece of glass of the de- 
sired curvature. However, the glass 
should first be warmed. A paper tape 
suffices to hold the metal on the glass 
until it has solidified.” 

Wood’s metal consists of 50 parts 
bismuth, 12.5 parts cadmium, 25 parts 
lead, and 12.5 parts tin. The J. T. Baker 
Chemical Company, Phillipsburg, N. J,, 
and the Belmont Smelting and Refining 
Works, Brooklyn, N. Y„, are its largest 
manufacturers. 



For the first time an instrument capable of 
serious astronomical research is available 
for less than $200 00 1 The Saturn 3 Inch 
Portable Refractors are precision made by 
the West's largest makers of observatory 
instruments, objective lenses are highest 
grade precision ground, achromatic f-15 
crown and flint glass, alt moving parts are 
precision machined 

Although the Saturn 3 Inch Refractor has 
a 45 inch focal length, the instrument is 
easily portable, weighing less than thirty 
pounds, including tripod 

Saturn 4 Inch Portable Refractors from 
$345 00, larger instruments manufactured 
to order. 


Write for literature giving full information 
an the Saturn Refractors 
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WAR SURPLUS BARGAINS 

ASSEMBLE YOUR OWN BINOCULARS 
Save More Than V2 Regular Cost 

GOVT'S 7 X 50 
BINOCULARS 

Complete Optics, com- 
plete Metal Parts Now 
and ready foi assembly. 

We supply full instruc- 
tions 

METAL PARTS— Sot in- 
cludes all Metal Paits — 
completely finished for 
assembly of 7 x 50 Bln- 
tieul.n& No machining 
required A stuuly Bin- 
ocular Carrying Case is 
optional with each set 
of Metal Parts 
Stock #842-S— 539 40 
Postpaid, plus 54 80 
for Case— Total 544 20 
OPTICS— Set Includes all 
Lenses, and Pi Isms you 
need tor assembling 7 x 50 Binoculars. These .ire m excel- 
lent condition— perfect ot near-pm feet— and have new lovf 
reflection coating 

Stock #5102-5 — 7 x 50 Optics $25.00 Postpaid 

> These me standmd \moi it an- made parts , . not Jap- 

anese, French or Get man i 

NOTICE! If you buy both Binocular Optics and Binocular 
Metal Parts, add 20 <7fe Fodeial Excise Tax to above prices. 

Also Govt 6 x 30 Binoculars. Write for Catalog “S”, 
MOUNTED ANA5T1GMAT LENSES 

Use for Projectors, Enlargeis, Copying Cameras Com- 
plete with Shuttoi and Diaphragm Value about 320. An 
excellent buy, \VE WILL INCLUDE FREE ILLUSTRATED 
BOOKLET on HOW TO MAKE YOUR OWN ENLARGER 
Stock #8004-5 Speed f/7 7, focal length approx 127 
mms Suitable for pictures, negatives, positives up to 
JVj" X 4 14" , . , 57.50 Postpaid 

Stock #8006-S Speed of f/7 7, focal length approx. 
100 mms suitable for plctuies, etc,, up to ai/t" ^ 

31 / 4 " $8.50 Postpaid 

Stock &8007-S Speed of f/6 3, focal length approx. 100 
mms. . . . . .59.50 Postpaid 

SLIDE PROJECTOR SETS— Consists of all unmounted lenses 
you need to make the following size projectois 

stock #4038-5—2 Vi" x 21/t" ... $3,35 Postpaid 

Stock #4039-S— 2V2" X 31/2" .... $3.35 Postpaid 

Stock #4029-5—35 mm $2 85 Postpaid 

MOUNTED PROJECTING LENS SYSTEM 

FL 91.44mm, (just right for 35mm, Projectors), Speed 
of F. 1,9 Outside dia of mount at one end 60mm 
Length of mount 0 1mm 

Stock #4033-S ..... $3.00 Postpaid 

THREADED OUTSIDE MOUNT FOR FOCUSING 
ABOVE SYSTEM 

Stock &715-S Postpaid 

We have Literally Millions of WAR SURPLUS LENSES 
AND PRISMS FOR SALE AT BARGAIN PRICES 
Write for Catalog "S ,, ~SENT FREE! 

EDMUND SALVAGE CO. 

P. O. AUDUBON, NEW JERSEY 
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T HIS is yuui opportunity to contnbute to the Centtal Reference Libuuy Sei vices 
and collections of The New Yoik Public Library Of special interest to leaden 
of Scientific American is the Science and Technology Division of The New 
Yoik Public Library, which contains one of the world's gieatest collections of scientif- 
ic and technical literature, Theie are about 300,000 volumes in the Division, and, in 
addition, readers have easy access to the facilities and book stock of the entiie 
Refeience Department with a book stock totaling more than 3,000,000 volumes The 
Division offers the science leadei material varying fioni a first edition of Euclid to 
files of patent and tiade maik publications fiom 35 countries The Division offers 
texts and periodicals on mathematics, astronomy, physics, chemistiy, meteorology, 
geology, radio, mining, engineering, aeionautics, electncity, metallurgy, textiles, 
paper, and shipbuilding. The staff is named to woik both with laymen who have 
little scientific training and with technically tiained teseaich wotkets. 


Evei since the New York Public Library fust opened its doors, these seivices and 
collections have been supported only by bequests, endowments, and pnvate con- 
tributions. Now yom help is urgently needed to maintain this lefeience seivice of 
one of the world’s great institutions, an Amencan institution, an institution which 
makes available to us all of oul recorded heritage. 


\ NEW YORK PUBLIC LIBRARY, SA 

} Fifth Avenue and 42nd Street 
1 New York 18, N. Y. 

| Please enroll me as a Friend of The New Yoik Public 

* Library. You may add my contribution of $ 

I to the gifts of other fnends who are joining this year in 
1 support of The New Yoik Public Library 

l 

| NAME_ 

* (Please print full name; 

[ ADDRESS 

I (Kindly mates checks payable to Thb New York Public Library) 
1 ,'"i t Contributions axe tax deductible} 




4P)f join this 

GROUP OF FRIENDS 
TODAY 

and contribute only 
\even cents a day co this 
great necessity. Enclose 
your check for the year 
($25) with the coupon 
and * mail it at once. 
(More or less will be 
gratefully received.) 
And don't forget to de- 
duct tt from your income 
tax . 
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Readeis interested in further reading 
on the subjects covered bij articles m this 
issue may find the lists below helpful. 
The lists aie not intended as bibliogra- 
phies of source material for the articles. 
The references selected will provide sup- 
plementary information. 

NATIONAL HEALTH INSURANCE 

National Health Insurance A 
Critical Study Hermann Levy. Cam- 
bridge University Press, 1944. 

Costs of Medical Care. I S Falk, 
C. R, Roiem and M. D. Ring Committee 
on the Cost of Medical Caie Publication 
No. 27. University of Chicago Piess, 
1933. 

THE BLISTER HYPOTHESIS 

The Deformation of the Earth's 
Crust, Walter Bucher. Princeton Uni- 
versity Press, 1933. 

Our Mobile Earth. Reginald A. 
Daly. Charles Scnbner’s Sons, 1926. 

The Blister Hypothesis and the 
Orogenic Cycle. C W. Wolfe m Pro- 
ceedings of the New York Academy of 
Science , 1949 

MUSCLE RESEARCH 

Chemistry of Muscular Contrac- 
tion. A. Szent-Gyoigyi. Academic Press, 
Inc., 1947. 

LOW TEMPERATURE PHYSICS 

Phenomena at the Temperature 
of Liquid Helium E. F Burton, H. 
Giayson Smith and J. O. Wilhelm Rein- 
hold Publishing Corporation, 1940 

ANCIENT SLAVERY 

Upon Slavery in Ptolemaic Egypt. 
William Lmn Westeimann. Columbia 
University Press, 1929. 

Slavery Through tiie Ages. G. F. 
MacMunn S. j. R. Saundeis, 1938. 

THE SOCIAL AMOEBAE 

Developmental Patterns in Sim- 
i ple Slime Molds K. B. Rapei m 
I Growth , VoL 5, pages 41-76, 1941 

The Status of the Protozoa. J. R. 
Bakei m Natuie, VoL 161, pages 548- 
558; 1948. 

Evidence for the Formation of 
Cell Aggregates by Chemotaxis in 
the Development of the Slime Mold 
Dictyostelium Discoid eum. John Ty- 
lei Bonner in Journal of Experimental 
Zoology , VoL 106, No. 1, pages 1-26; 
October, 1947. 

THE PREVENTION OF MURDER 

The Show of Violence. Fieclnc 
Wertham. Doubleday and Company, 
1949. 









Give and keep giving to help science defeat the disease 
that strikes, on the average, one out of every two 
homes in America. Say to yourself . . . here is life-giving 
money to help those stricken by Cancer to live again. 

EVERY NICKLE AND DIME I give helps support an 
educational program teaching new thousands how to 
recognize Cancer and what to do about it. 

EVERY QUARTER I give helps set up and equip new 
research laboratories where scientists are dedicating 
their lives to find the cause — and cure of Cancer. 

EVERY DOLLAR I send helps buy new equipment, helps 
establish new facilities for treating and curing 
Cancer, both still pitifully scarce in this country . . . 
Guard those you love! Give to conquer Cancer! 
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RCA scientists find way to combat noises 
m looms where normal sound conti ol 
methods are impractical 


'These "Cho/ies oT Si/eace " sm o so M n d f 


You think of RCA Laboratories — 
in part— as a place where scientists 
work with sound , for radio, tele- 
vision, phonographs. This is true, 
but they are also deeply concerned 
with silence , 

One example is a recent RCA de- 
velopment, a way of killing clatter in 
places where conventional sound- 
conditioning— with walls or ceilings 
of absorbent materials— would get in 
your way, Overhead pipes, ducts or 


other fixtures might prevent the in- 
stallation of a sound-absorbent 
ceiling — and you wouldn't want to 
blanket a skylight. 

RCA’s invention solves tire problem 
in this way: Cones of sound-absorbent 
substances are clamped together base- 
to-base . . , then hung in rows where not 
in the way. Light, inexpensive, easy to 
install, these “Cones of Silence’" convert 
sound waves into heat energy, and will 
absorb from 60% to 75% of the clatter 
in a noisy room. 


How you benefit: 

Development of this functional sound 
absorber indicates the type of pro- 
gressive research conducted at RCA 
Laboratories. Such leadership in sci- 
ence and engineering adds value be- 
yond price to any product or service 
of RCA and RCA Victor. 

The newest developments in radio > tele - 
vision , and electronics can be seen in action 
at RCA Exhibition Hall , 36 West 49th St 
N Y. Admission is free » Radio Coiporation 
of America , Radio City , N. Y. 20, 
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HOW DID 

FAMOUS WRITERS 
MAKE THEIR START? 

This is the answer . . . 

M OST famous writers learned to write by 
writing in spare time, continually, in the 
face of discouragement And many of them made 
their start with the help of some sympathetic 
editor or writer who criticised what they had 
done, showed them how to improve it 

Now, YOU can learn writing in the same 
way — by working at home, in spare time, undei 
the sympathetic direction of a successful writei 
or editor, 

THE BEST WAY TO BEGIN 

The Magazine Institute, a private school com* 
pletely staffed and operated by experienced writers 
and editors, offers you an up-to-the-minute prac- 
tical course in writing You are given regular writ- 
ing tasks, suited to your aims and ability, which 
are designed to get you started and keep you 
writing All your work is letutned with detailed, 
friendly comment, You ask all the questions you 
like. You proceed as rapidly or as slowly as you 
desire You concentrate on fiction, non-fiction or 
journalism — whatever you are best fitted to do 
Before long, you are preparing stories, articles, 
shoit sketches for publication in a professional 
manner, 

WE SELL YOUR MANUSCRIPTS 

When your work is ready to be offered to maga- 
zines or publishing houses, one of the expenenced 
writers on our staff submits it with a personal 
recommendation to the market where it seems 
most likely to sell, Our constant contacts with 
the book and magazine woild enable us to pass 
along to you valuable tips and to provide up-to- 
the-mmute market information. 

SEND FOR FREE BOOKLET TODAY 

Write for the FREE cata- 
log -describing the Magazine 
Institute plan and providing 
other information of value to 
beginning writers Inquirers 
also receive the BEST JOB 
IN THE WORLD, which 
lists,, unsolicited testimonials 
from successful Magazine In- 
stitute students. Fill out the 
coupon below and mail it 
NOW. 

THE MAGAZINE INSTITUTE INC. 

Dept. 567-A, 50 Rockefeller Plaza 
Rockefeller Center, New York 20, N. Y. 


THE MAGAZINE INSTITUTE, Inc., Dept . 567-A 
50 Rockefeller Plaza, Rockefeller Center 
New York 20, N. Y. 

Please send, without obligation, your current cata- 
log to: 

Name . . ... , .... ,,, , , , . , 

Street Address . . .... 

City Zone , Slate . , .. 


(Inquiries Confidential * No Salesman Will Call) 
Q Check here if eligible under G- I- Bill, 
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Sirs 

I was tremendously pleased to lead 
Dr. Brock Chisholm’s article on social 
medicine in the April 1949 issue oi the 
new Scientific American While recog- 
nizing that Dr. Chisholm covered a broad 
expanse of mioimation in a very limited 
space, I must nevertheless comment on 
some omissions and assumptions m his 
aiticle which if dealt with m greater 
detail might vitiate some of the most 
hopeful conclusions of his discouise. 

The accident death rate in the United 
States is a suggestive case in point. Pre- 
vention of accidental deaths is certainly 
a woithy subgoal of social medicine 
Engineering, education and enfoi cement 
of safety measures yield sti iking 1 educ- 
tions in accident death rates wheievei 
they are conscientiously employed. Yet 
the over-all death rate has remained at 
substantially the same figure since 1913 
(about 70 per 100,000 population). 
When traffic accidents went down, as 
during the war years, industrial acci- 
dents went up. I clo not pietend to know 
why. I simply cite this case as one m 
which the best-intentioned practices of 
social medicine yielded no statistically 
measurable results 

I must further question whether social 
medicine is an active oi a passive agency. 
Dr Chisholm has by inference ci edited 
social medicine with the decline m tuber- 
culosis rates in the United States during 
World War II. It we accept the idea that 
“tuberculosis is a social problem with a 
medical aspect/' we must furthci con- 
cede that the high wartime wages paid 
to unskilled and semiskilled laborers 
(often m minority groups, such as Mexi- 
cans and Negioes) undoubtedly did 
moie to laise their standaid of living— 
and hence to decrease their tuberculosis 
death rates— than the active effoits of 
social medicine in terms of mass case- 
B tiding and die like. War itself was veiy 
possibly the active agent in this case and 
social medicine merely the counter of the 
tallies. This unexpected beneficial effect 
of war makes for difficulty in pronounc- 
ing solid social evaluations. 

I cannot accept Dr. Chisholm's as- 
sumption that "humanity now has the 
technical ‘know-how* to produce all the 
food the people of the world could con- 
sume" or that "we possess the technical 
means for making all the goods that the 
world’s people need for decent living/' 
I must regretfully take a stand with Dr. 


VETERANS: 

THIS COURSE 
APPROVED FOR 
VETERANS’ 
TRAINING 



Chisholm’s statement beyond, namely, 
"Poverty remains the overwhelming 
cuise of mankind,” 

One cannot work toward the goals of 
social medicine unless he faces honestly 
up to the unresolved Malthusian dilem- 
ma. One need only mention the casu- 
alties ol World Wars I and II— nearly 22 
million lives lost, the world-wide ravage 
ol the influenza epidemic of 1917-1918, 
which cost another 21 million lives, and 
the Russian famines of the 1920s, as well 
as the reemnng famines in China and 
India, which pioduced untold numbeis 
of deaths. Theie is nothing in this dread- 
ful experience— or the prospect of more 
like it— to persuade one that the scien- 
tific and humanitanan goals of social 
medicine, as expicssecl by Dr Chisholm, 
are likely to be achieved. 

It is pleasant to say, as Dr. Chisholm 
has said, "Scientific progress brings new 
efficiency to medicine, and social progress 
demands that these benefits should be 
made available to the whole population” 
and further, "We should he able to create 
a social organization that could permit 
(he peoples ol the woild to live together 
effectively and peacefully.” Before ac- 
cepting this delightful concept of social 
medicine as an instrument of social 
progress which leads straight up like a 
staircase to a Kingdom oi Heaven on 
earth, I think we must pause to ask 
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whethei we aic walking on air 01 on 
facts 

I clo not question Dr. Chisholm’s 
ideals, but 1 cannot altogethei shaie his 
hopes ioi social medicine as a tool ol 
social piogiess 

JUSTUS J. SCHIFFERES 

Health Education Council 
New Yoik, N Y. 


Sus. 

In youi issue of April 1949, I find a 
lettei from Mi. Koert D. Burnham in 
which the wuter criticizes as unfaii the 
review m youi Febiuary issue ol Lincoln 
Barnett’s The Universe and Dr Einstein 
The criticism is based on the claim that 
m steering leadeis away bom the book, 
the review is doing a definite disseivice 
to the cause of public undei standing of 
scientific endeavor m this age of great 
specialization and compai tmentalizahon 
of knowledge. 

I wish to endoise in principle Mi. 
Burnham’s emphasis upon the value of 
a bridge between the sciences and the 
thinking of the intelligent layman, and 
should not be suipiised it it was Di. 
Einstein’s sympathy for this aim that led 
him to endoise the book, as he -is wont 
to do with causes m which he secs some 
good It seems to me, however, that it 
is precisely in the treatment of the philo- 
sophical and humanistic import of the 
lelativity theoiy that Mr. Barnett was at 
his weakest and, m fact, so weak that I 
regai d his book as singularly unsuitable 
foi the pui poses which Mr. Burnham has 
m mind While it is entnely tiue that 
Mr. Barnett displayed considerable peda- 
gogical skill m piesentmg the methods 
and results of lelevant expenmental 
work, he is obviously incompetent and 
irresponsible when he presents his par- 
ticular philosophical interpretation as if 
it were integral to the theoretical hamc- 
work of the lelativity theoiy. It would 
seem as if that part of his book is a very 
poor and confused restatement of some 
of Eddington’s and Jeans’ philosophical 
views. In ordei to illustnite what I have 
m mind, I meiely wish to mention that 
Einstein’s lelativization of space and 
time determinations concerns the be- 
havior of measuring rods and natural 
clocks and not, as Mr. Barnett would 
have it, the events m the mind of the 
observer, who is located m the refeience 
frame with which these rods and clocks 
aie associated. Einstein’s emphasis on 
the role of the observer m the determina- 
tion of physical quantities cannot be 
construed as an assertion about mental 
events any more than Newton’s physics 
can be so construed. 

ADOLF GRUNBAUM 

Yale University 
New Haven, Conn. 



Meet the 


ATTACHED ILLUMINATOR 
fills field at various powers with- 
out refocusing condenser and 
permits inclination of micro- 
scope without disturbing illu- 
mination. 


IMPROVED SUBSTAGE 
ALIGNMENT 

positive locking device assures 
accurate optical alignment. 


NEW, N A .25, 10X 
DIVISIBLE OBJECTIVE 
with cut-away boot— permits 
better oblique top lighting. 


NEW FINE ADJUSTMENT 
ball-bearing, micrometer screw 
type— accurate 2 micron grad- 
uations — comfortable lowered 
position. 


“PINCH GRIP” SLIDE 
HOLDER 

provides for inserting slides 
easily without disturbing stage 
settings. 

ADJUSTABLE TENSION 
substage and coarse adjustment 
controls may be adjusted to 
suit individual preference. 

INTERCHANGEABLE BODIES 


EASY TO CARRY 


lighter weight— twice as rigid 
as previous models 


DUST SHEDDING DUAL- 
CONE NOSEPIECE 
with new positive ball-and- 
groove stop. 


NEW INCLINATION JOINT 
Long wearing— bearings auto- 
matically compensate for wear. 



[yLLfV features, extra user convenience, and excellent 
optical performance distinguish every model in this 
complete new line of laboratory microscopes. See them 
at your AO Spencer Distributor and ask for literature. 


American Optical Company 

Scientific Instrument Division 
Buffalo 15, New York 
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J ULY 1899. ‘The serious nature of 
air resistance laises the question as 
to whether the foim of all vehicles 
that move at high speed should not be 
modified so as to piesent the least pos- 
sible resistance to the wind. This is par- 
ticularly true of locomotives and cars, 
and it is conceivable that some light 
form of sheathing extending from the 
cars nearly to the rails, and from car to 
car, might materially aid in reducing the 
air resistance.” 

‘The first trans-continental automobile 
trip will he begun on July 1. Mr. and 
Mrs. John D. Davis will start from The 
New York Herald building for the long- 
est automobile run on recoi d. Besides the 
length of the trip, it will be a remark- 
able test of Ameiican self-piopelled 
vehicles over the worst ol Ameiican 
roads. In Europe the longest run that 
has been made was 621 miles over the 
most perfect of roads. The trip from the 
Atlantic to the Pacific will cover about 
3,700 miles. Mr. Davis expects to reach 
San Francisco eaily m August.” * 

“A grand achievement has been ef- 
fected by Prof. Dewar and his able 
assistant, Mr. Robert Lennox. These in- 
vestigators, by the undoubted liquefac- 
tion of hydrogen, have put the finishing 
stroke on the line of lesearch initiated 
by Faraday when he first reduced the 
gas chlorine to a liquid. The new agent 
of scientific research, liquid hydrogen, 
congeals the air surrounding the contain- 
ing tube into a snow-like solid, and a 
piece of cork sinks to the bottom when 
put in the liquid, the temperature at 
the boiling point is 21 degrees absolute, 
or —252 degiees, a temperature lepre- 
senting a pressure which is immeasur- 
able. Tire liquefaction of hydrogen is a 
triumph of theory as well as practice, 
for in face of all the enormous difficulties 
which have been encountered, theorists 
have never deviated one jot from the 
conviction, which sound reasoning long 
ago showed, that there is no such thing 
as a permanent gas.” 

“One of the American delegates to the 
recent Tuberculosis Congress at Berlin, 
who has returned, is preparing a report 
for the Navy Department on the work of 
the Congress. The chief question which 
now interests the profession is die prepa- 
ration of ah ^Eective serum to 'combat 
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the disease. The most piomismg woik is 
that of Dr. Belli mg, one of the most cele- 
brated of the European specialists. He is 
pushing on his expemnents as rapidly 
as is consistent with careful scientific 
work. The development of consumption 
sanitariums in Europe has also atti acted 
much interest m this countiy.” 

“M. Moissan, of the University of 
Palis, who has been successful m the ex- 
traction of the rare metals in the elec- 
trolytic furnace, has recently undertaken 
a senes of experiments with the metal 
calcium, which, although abundantly 
distributed m natuie in the state of car- 
bonate, sulphate, etc., lias not up to the 
present time been, prepared in any con- 
siderable quantity in the pure state. It 
will be remembered that at the com- 
mencement of the century Sir Humphry 
Davy was the first to establish the ex- 
istence in lime of a metallic body, and 
by decomposing it by an electnc cunent 
m the piesence of mercuiy he obtained 
an amalgam of the metal calcium. 
M. Moissan has been the fix st: to obtain 
a relatively considerable weight of the 
pine metal.” 

“At present the price of the motor 
coinage langcs from $500 up well into 
the thousands. As soon as the scale of 
manufacture is sufficiently increased to 
permit the parts being made by machin- 
ery and m quantity, these prices will 
undoubtedly be very greatly \ educed. 
The improvement in city conditions by 
the general adoption of the motor car 
can hardly be overestimated. Streets, 
clean, dustless and odorless, with light 
uibber-tired vehicles moving swiftly 
and noiselessly over their smooth ex- 
panse, would eliminate a greater part of 
the nervousness, distraction, and strain 
of modern metropolitan life.” 

J ULY 1849. “The 710,000 tons of 
water which each minute pour over 
the precipice of Niagara are esti- 
mated to carry away a foot of the cliff 
every year. Taking this, and adopting 
the clear geological proof that the fall 
once existed at Queehs-town, four miles 
away, we must suppose a period of 

20,000 years occupied in this recession 
of the cataract to its actual site; while 
the delta of the Mississippi, is nearly 

14,000 square miles m extent, and esti- 
mates founded on its present rate of in- 
crease, and on calculation of the amount 
of earthy matter brought down the 
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stieam, have justified Mi. Lyell m alleg- 
ing that 67,000 yeais must have elapsed 
since formation of this deposit began.” 

“The stiongest argument against the 
introduction of new machines and im- 
pioved machinery, is the impoverished 
condition of operatives m the Bntish 
manufacturing districts. In England her 
manufactuung machinery may be said to 
have passed the limits of supply. It is 
well known that for 30 years, hei manu- 
facturing population increased at the 
rate of 30 per cent, while her agricul- 
tuial population ma eased at the rate of 
only 1 per cent. The wars on the Conti- 
nent of Europe, made her a hotbed of 
manufactuies, and when they ceased to 
stimulate, it is no wonder that the forced 
plant suffered.” 

“The eai th quake which destroyed 
Lisbon had its ceulie of action immedi- 
ately below the city, and shook ‘an arc ol 

700,000 squaie miles, equal to a twelfth 
part of the circumference ol the globe/ ” 

“The first Electiic Telegraph in Ire- 
land, has lecently been erected two 
miles long, between two lailway stations 
at Kingsbridge.” 

“One of the military innovations that 
has marked the wai m Hungary is the 
Austrian fire locket. These rockets have 
been ably diiected not only against 
towns, but against bodies of troops. 
There have also been used, both m the 
Austrian and Hungaiian armies, prob- 
ably lockets, carried by corps of foot 
bombardiers able to march with the in- 
fantry. Each man conies three of these 
small sized projectiles. Another man 
carries a rest framed of wood on which 
the rocket is placed and duected* It has 
been stated that these Congreves, em- 
ployed m a battle, ranged by the Austri- 
an bombardiers who have practised 
them for many years, have produced a 
tremendous effect, particularly upon the 
Hungarian cavalry. They are tubes of 
wrought iron brought to a point, pierced 
with holes, and filled with incendiary 
matter, and are so charged as to emit 
above them, at the end of their flight, 
small streams of liquid fire.” 

“A warmer friend of Inventors than 
President Taylor does not live. Amid 
the weighty matters pressing upon him, 
their interests are, in his estimation, 
neither the least nor the last to be looked 
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Wour telephone receiver should 
treat each tone in the voice alike; 
that is important to you, because 
proper balance makes pleasant 
listening and easy understanding. 
Naturalness in receiver perform- 
ance is pictuied in a matter of sec- 
onds by the apparatus shown at left. 

The receiver is clamped in place 
and an oscillator feeds into it fre- 
quencies representing all talking 
tones. Then a bright spot darts 
across an oscilloscope screen leav- 


ing behind it a luminous line which 
shows instantly the receiver’s 
response at each frequency. It is 
precise; and it is many times faster 
than the old method of measuring 
receiver performance point-by- 
point and then plotting a curve. 

At Bell Laboratories, develop- 
ment of techniques to save time 
parallels the search for better 
methods . For each time an opera- 
tion is made faster, men are freed 
to turn to other phases of the Labo- 
ratories’ continuing job — making 
your telephone system better and 
easier for you to use each year. 


BELL TELEPHONE LABORATORIES 

I EXPLORING AND INVENTING, DEVISING AND PERFECTING, FOR CON- 
TINUED IMPROVEMENTS AND ECONOMIES IN TELEPHONE SERVICE, 



Model 21 

The First Universal Double Beam 
Infrared Spectrophotometer 

The Perkin-Elmer Corporation is proud to announce that, 
after two years of development, its new Model 21 Recording 
Infrared Spectrophotometer is now in production. The 
knowledge and experience gained from several yea* s’ sue* 
cessful manufacturing of the Perkin-Elmer single beam 
spectrometers have produced an instrument which is well 
suited for practically all types of problems encountered 
in the spectroscopy laboratory. 

The Model 21 Infrared Spectrophotometer combines high 
accuracy and operating convenience with a wide range of 
operating conditions. It is the first commercially available 
instrument which meets the demands of both the structural 
chemist for high resolution and sensitivity and the analytical 
laboratory for speed and accuracy. Spectra are recorded 
directly in per cent transmission on large, easily read charts. 


SPECIAL FEATURES: 

Resolution — Up to the limitations imposed by the Rayleigh criterion 
and J ohneon noise. 

Speed of Scanning — From 5 minutes to 100 hours for the rock salt 
region. Automatic suppression of wavelength drive speed when desired. 
Speed of Response — From a few seconds to more than a minute foe 
full scale deflection. 

Chart Scales — Uniform scales from 1 to 50 inches per micron by 
integral factors 

Chart Slue — About 32 inches by 11 inches. 

Sfi# Control — Variable electrically cammed programming. 

Range — From less than 2 microns to 15 micronH (rock salt region) 
standard, with provision for substitution of other prisms. 

Dimensions — 40 inches long, 22 inches high, 20 inches wide. The 
amplifier and power supply are external. 


• For complete information , write The Perkin-Elmer Corporation, Dept . 75, Glenbrook, Connecticut 
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THE COYER 

The painting on the covci shows part 
of a pei fusion appaiatus, m which 01 - 
gans may be kept alive for study apart 
from the organism. The yellowish tis- 
sue m the flask at the top ol the paint- 
ing is a beef adrenal gland. Beef blood 
is pumped into the gland thiough 
the tube that enteis the flask from the 
right. Dark venous blood then flows 
from the bottom of the flask into the 
glass bulb below. Here the blood is 
oxygenated by air which is pumped 
into the bulb through the absorbent 
cotton filtei m the center of the paint- 
ing. Blood is also pumped into the 
bulb from the top. This is an auxiliary 
circuit which increases the oxygen 
content ol all the blood m the ap- 
paratus. The left end ol the flask is 
fitted with a lubber glove thiough 
which an experimenter pinches oft a 
blood vessel. The apparatus was built 
by Oscai Hechter and N, T. Wcrthes- 
sen at the Worocstei Foundation lor 
Expci nnental Biology, which is en- 
gaged in a broad investigation of the 
adrenal gland. One aspect of this in- 
vestigation is reported on page 44 
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What GENERAL ELECTRIC People Are Saying 


T. F. PERKINSON 

Manager , Transpoi tation Engineering 

Locomotives: The phenomenal 
grow th in the use of the diesel-elec- 
tric locomotive is a growth based 
on sound economies. Man) of Lhe 
applications are such that these 
locomotives pay for themselves in 
a matter of three to five years out 
of savings over steam-locomotive 
operation. Net returns on the cost 
of the new motive power of 15 to 
35 per cent are not uncommon. 

There are approximately 9500 
diesel -electric units in service on 
American railroads today, and of 
the locomotives on order with the 
builders at present over 95 per cent 
are of the diesel-electric t>pe. 

American Institute of Electric Engineers , 
Toledo , Ohio, 
May 19, 1949 

* 

II. A. W1NNE 

Vice President in ('Marge of Engineering 
Policy, Chairman of Nucleonics Committee 

Nuclear Power: Most people, I 
believe, when they think of atomic 
energy, visualize it as a potential 
source of vast amounts of industrial 
power — and such it ultimately may 
prove to be. 

Atomic — or nuclear — energy will 
appear in the pile or nuclear reactor 
in the form of heat. We see no way 
of converting directly to electricity 
the energy released from the fission- 
ing atom. So to use this energy in 
quantity, we must get the heal out 
of the pile. One way of doing this 
would be to pump a liquid or gas 
through the pile and then through 
a kind of steam boiler, which woxdd 
then generate steam. This steam 
would then he used to drive a 
steam turbine -genera Lor to produce 
electricity. In other words, as I 
visualize an atomic power plant, the 
atomic pile and some auxiliary 
equipment will merely replace the 
fuel-fired steam boiler, and from 
that point on the atomic plant will 
he the same as the one usiitg coal 
or oil as a fuel. 

Consequently, it seems to me 
that the first cost of an atomic 
power plant will be at least as high 
as that of a fuel-fired plant under 
normal conditions. As to operating 


cost, it is entirely possible that in 
the years to come the cost of nuclear 
fuel will be competitive with that 
of coal or oil. Today we cannot give 
any reliable estimate of its cosL, for 
there are too many factors which 
we do not have the knowledge and 
experience to evaluate. 

But in areas where electric power 
is today available readily and at 
reasonable cost, we must not look 
for any revolutionary reduction in 
power cost due to the advent of 
aLomic energy. On the average the 
cost of fuel accounts for only 20-25 
per cent of the total price paid by 
the consumer for fuel -genera ted 
power today, so even if we got 
nuclear fuel free we could expect 
only 20-25 per cent reduction m 
power costs. Of course this reduc- 
tion would be tremendously signifi- 
cant, but not in keeping with some 
of the more fanciful prognostica- 
tions. 

On the other hand, because 
nuclear fuel is such an extremely 
concentrated source of energy, there 
is lhe very definite possibility that 
atomic energy may bring econom- 
ical electric power to areas where 
the transportation costs on con- 
ventional fuel are extremely high. 

However, I do nol visualize small 
atomic power plants springing up 
in every isolated area. To be efficient 
and economical I think an atomic 
power plant will necessarily be of 
large capacity — perhaps at least a 
hundred thousand kilowatts— and 
it may require a supporting chemical 
plant to reclaim partly used fuel. 

The picture as to where atomic 
central power stations may first 
rove economical is not at all clear, 
ul I feel reasonably sure that it 
will evolve favorably as our scien- 
tists and engineers carry along their 
developments. We are not yet ready 
technically to build a 100,000-kilo- 
watt atomic power plant, and we 
won’t he for a long time. 

Chamber of Commerce , Portland , Oregon , 
March 7, 1949 


V. J. SCHAEFER 

Research Laboratory 

Weather Research: The energy 
generated in a thunderstorm is tre- 
mendous. One of the reasons for this 
is the fact that such a storm is in- 
herently unstable because of the 
supercooled clouds which it con- 
tains. These often grow to vertical 
thicknesses exceeding three miles. 

Such clouds when seeded” by 
certain types of nuclei which form 
ice crystals cause the sudden release 
of this stored energy. Depending on 
the way this occurs, the subsequent 
developments may produce a disas- 
trous storm or one thaL merely 
waters the countryside with a bene- 
ficial rain. It is because of this in- 
herent unstability in many destruc- 
tive storms that we may eventually 
exert some measure of control over 
them. By introducing the right type 
of seeding agent at the proper time, 
it is possible that some day we may 
direct these energies to serve and 
augment, rather than destroy and 
endanger, some of our other re- 
sources. 

General Electric Science Forum, TFGY, 
April 13, 1949 

★ 


49 Years Ago 

Future of Lighting: I person- 
ally feel, and Mr. Steinmetz en- 
dorses my views, that the electric 
light has a future more brilliant 
than its past. We should not like 
to assert that the carbon fila- 
ment lamp is the best lamp we 
can have. There may be a better 
type of electrode for arc lamps 
than the carbon electrode. These 
things cannot be determined 
properly without research. 

A. G Davis, Manager 
Patent Department, 
1900 
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Y OU ’phone from coast to coast and 
converse as easily as though you 
were in the same room. The reason, a tiny 
electronic repeater tube that prevents 
voice fading It works only because a 
high vacuum pump has exhausted air 
from the glass tube to a degree that 
closely approaches perfect vacuum. 

. Important vitamins for food fortifica- 
tion, pharmaceuticals and doctors’ pre- 
scriptions are available at moderate cost 
because of high vacuum Distilled under 
high vacuum the extract is purer — can be 
concentrated to high potencies. 


Contrasting sharply to applications in 
the fields of electronics and bio-chemis- 
try is the use of high vacuum in deposit- 
ing metallic vapors on glass, wood, cloth, 
paper and plastics. Inexpensive but 
beautiful novelty jewelry, ornaments, 
barrettes, etc , are coated inside huge 
chambers from which air has been ex- 
hausted ... a plating process that gives 
better results, cuts costs and permits 
bargain prices to a mass market. 

These examples serve to emphasize the 
scores of different ways DPI high vacuum 
equipment is enabling new products and 


better products to be made at lower 
costs. 

Perhaps high vacuum can work for you. 
DPI can aid in research, in setting up pilot 
operations, and can advise on engineer- 
ing and building complete installations 
for profitable commercial applications of 
high vacuum. We invite inquiry. 
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THE MATHEMATICS 
OF COMMUNICATION 

An important new theory is based on the statistical 
character of language. In it the concept of entropy 
is closely linked with the concept of information 


H OW do men communicate, one 
with another? The spoken word, 
either direct or by telephone or 
radio; the written or punted word, trans- 
mitted by hand, by post, by telegraph, or 
m any other way— these are obvious and 
common forms of communication. But 
thexe aie many others. A nod or a wink, 
a drumbeat in the jungle, a gesture pic- 
tured on a television scieen, the blinking 
of a signal light, a bit of music that re- 
minds one of an event m the past, puffs 
of smoke in the desert air, the move- 
ments and posturing m a ballet— all of 
these are means men use to convey ideas. 

The word communication, in fact, will 
be used here m a very broad sense to in- 
clude all of the procedures by which one 
mind can affect another. Although the 
language used will often refer specifical- 
ly to the communication of speech, prac- 
tically everything said applies equally to 
music, to pictures, to a variety of other 
methods of conveying information. 

In communication there seem to be 
problems at three levels: 1) technical, 
2) semantic, and 3) influential. 

The technical problems are concerned 
with the accuiacy of transference of in- 
formation from sender to leceiver. They 
are inherent in all forms of communica- 
tion, whether by sets of discrete symbols 
(written speech), or by a varying signal 
(telephonic or radio tiansmission of 
voice or music), or by a varying two- 
dimensional pattern (television) . 

The semantic problems are concerned 
with the interpretation of meaning by 
the receiver, as compared with the in- 
tended meaning of the sender. This is a 
very deep and involved situation, even 


by Warren Weaver 

when one deals only with the relative- 
ly simple problems of communicating 
thi ought speech. For example, if Kir. X is 
suspected not to understand what Mi . Y 
says, then it is not possible, by having 
Mr. Y do nothing but talk further with 
Mi. X, completely to clarify this situation 
in any finite tune. If Mr. Y says “Do you 
now understand me?” and Mr, X says 
“Certainly I do,” this is not necessarily 
a certification that understanding has 
been achieved. It may just be that Mr. X 
did not understand the question. If 
this sounds silly, try it again as “Czy pan 
mnie rozumie?” with the answer “Hai 
wakkate miasm” In the restricted field 
of speech communication, the difficulty 
may be reduced to a toleiable size, but 
never completely eliminated, by “expla- 
nations.” They are presumably never 
more than approximations to the ideas 
being explained, but are understandable 
when phrased in language that has pre- 
viously been made reasonably clear by 
usage. For example, it does not take long 
to make the symbol for “yes” in any lan- 
guage understandable. 

The problems of influence or effective- 
ness are concerned with the success with 
which the meaning conveyed to the re- 
ceiver leads to the desired conduct on his 
part. It may seem at first glance undesir- 
ably narrow to imply that the purpose of 
all communication is to influence the 
conduct of the receiver. But with any 
reasonably bioad definition of conduct, 
it is clear that communication either af- 
fects conduct or is without any discern- 
ible and provable effect at all. 

One might be inclined to think that 
the technical problems involve only the 


engineel mg details of good design of 
a communication system, while the se- 
mantic and the effectiveness problems 
contain most if not all of the philosophi- 
cal content of the general pioblem of 
communication. To see that this is not 
the case, we must now examine some im- 
portant lecent work in the mathematical 
theory of communication. 

T HIS is by no means a wholly new 
theory. As the mathematician John 
von Neumann has pointed out, the 19th- 
century Austrian physicist Ludwig Boltz- 
mann suggested that some concepts of 
statistical mechanics weie applicable to 
the concept of information Other scien- 
tists, notably Norbeit Wiener of the 
Massachusetts Institute of Technology, 
have made profound contributions. The 
woik which will be here reported is that 
of Claude Shannon of the Bell Telephone 
Laboratories, which was preceded by 
that of H. Nyquist and R. V. L. Hartley 
in the same organization. This work ap- 
plies in the first instance only to the tech- 
nical problem, but the theory has broad- 
er significance. To begin with, meaning 
and effectiveness are inevitably restrict- 
ed by the theoretical limits of accuracy m 
symbol transmission. Even more signifi- 
cant, a theoretical analysis of the techni- 
cal problem reveals that it overlaps the 
semantic and the effectiveness problems 
more than one might suspect. 

A communication system is symboli- 
cally represented in the drawing on pages 
12 and 13. The information source se- 
lects a desired message out of a set of 
possible messages. (As will be shown, 
this is a particularly important func- 
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tion.) The transmittei changes tins mes- 
sage into a signal which is sent over the 
communication channel to the receivei. 

The leceiver is a sort of inverse trans- 
mitter, changing the transmitted signal 
back into a message, and handing this 
message on to the destination When I 
talk to you, my biam is the information 
souice, yours the destination, my vocal 
system is the transmitter, and your eai 
with the eighth nerve is the leceivei. 

In the piocess of transmitting the sig- 
nal, it is unfortunately characteristic that 
certain things not intended by the mfoi- 
mation source are added to the signal. 
These unwanted additions may be dis- 
tortions of sound (in telephony, for ex- 
ample), or static (in radio), or distor- 
tions m the shape or shading of a pictuie 
(television), or errois m transmission 
(telegraphy or facsimile). All these 
changes in the signal may be called noise. 

The questions to be studied in a com- 
munication system have to do with the 
amount of information, the capacity of 
the communication channel, the coding 
process that may be used to change a 
message mto a signal and the effects of 
noise. 

First off, we have to be clear about 
the rather strange way in which, in this 
theory, the word “information * is used; 
for it has a special sense which, among 
other things, must not be confused at all 
with meaning. It is surprising but true 
that, from the present viewpoint, two 
messages, one heavily loaded with mean- 
ing and the other pure nonsense, can be 
equivalent as regards information. 

In fact, in this new tlieoiy the woid 
information i elates not so much to what 
you do say, as to what you could say. 
That is, information is a measure of 
your freedom of choice when you select 
a message. If you are confronted with a 
very elementary situation where you 
have to choose one of two alternative 
messages, then it is aibitranly said that 
the information associated with this situ- 
ation is unity. The concept of informa- 
tion applies not to the individual mes- 
sages, as the concept of meaning would, 
but rather to the situation as a whole, the 


unit mioimation indicating that in this 
situation one has an amount of fieedom 
of choice, in selecting a message, which 
it is convenient to legai d as a standard 
or unit amount. The two messages be- 
tween which one must choose m such a 
selection can be anything one likes. One 
might be the King James version of the 
Bible, and the other might be “Yes ” 

T HE remaiks thus far x elate to artifi- 
cially simple situations wlieie the in- 
formation source is fiec to choose only 
among several definite messages— like a 
man picking out one of a set of standard 
birthday-greeting telegrams. A moie 
natural and more impoitant situation is 
that m which the information source 
makes a sequence of choices from some 
set of elementary symbols, the selected 
sequence then foinnng the message 
Thus a man may pick out one woid after 
another, these individually selected 
words then adding up to the message. 

Obviously piobability plays a major 
role m the generation of the message, 
and the choices of the successive sym- 
bols depend upon the preceding choices. 
Thus, if we are concerned with English 
speech, and ll the last symbol chosen is 
“the,” then the probability that the next 
word will be an article, or a verb form 
other than a verbal, is very small. After 
the three words “m the event,” the prob- 
ability fox “that” as the next word is 
fairly high, and lor “elephant” as the next 
word is very low. Similarly, the probabil- 
ity is low foi such a sequence of words 
as “Constantinople fishing nasty pink.” 
Incidentally, it is low, but not zero, for 
it is perfectly possible to think of a pas- 
sage m which one sentence closes with 
“Constantinople fishing,” and the next 
begins with “Nasty pink.” (We might 
observe m passing that the sequence un- 
der discussion has occurred in a single 
good English sentence, namely the one 
second preceding.) 

As a matter of fact. Shannon has 
shown that when letters or words chosen 
at random are set down m sequences 
dictated by probability considerations 
alone, they tend to arrange themselves m 


meaningful words and pluases (see illus- 
tration on page 15). 

Now let us leturn to the idea of infoi- 
mation. The quantity which uniquely 
meets the natural 1 equipments that one 
sets up for a measuie of mioimation 
turns out to be exactly that which is 
known m thcimodynamics as entropy, or 
the degiee of landomness, or of “shut- 
fledness” if you will, m a situation. It is 
expiesscd m terms of tire various pioba- 
bilities involved. 

To those who have studied the physi- 
cal sciences, it is most significant that an 
entiopy-hke expression appears in com- 
munication theory as a measuie of incl- 
ination. The concept of entropy, rntio- 
duced by the Geiman physicist Rudolf 
Clausius nearly 100 yeais ago, closely 
associated with the name of Boltzmann, 
and given deep meaning by Willard 
Gibbs of Yale in his classic work on 
statistical mechanics, has become so 
basic and pervasive a concept that Sir 
Aithur Eddington remaiked: “The law 
that entropy always increases— the sec- 
ond law ol thei modynamics— holds, I 
think, the supreme position among the 
laws ol Nature.” 

Thus when one meets the concept of 
entropy m communication theoiy, he has 
a right to be lather excited. Thai infor- 
mation should be measuied by cntiopy 
is, alter all, natuial when we remember 
that information is associated with the 
amount ol Ireedom of choice we have in 
constructing messages. Thus one can say 
ol a communication source, just as he 
would also say of a thennodynamic en- 
semble: “This situation is highly organ- 
ized; it is not characterized by a large 
degree of randomness or of choice— that 
is to say, the information, 01 the entropy, 
is low.” 

We must keep in mind that in the 
mathematical theory of communication 
we are concerned not with the meaning 
of individual messages but with the 
whole statistical nature of the informa- 
tion source. Thus one is not surprised 
Lhat the capacity of a channel of com- 
munication is to be desciibed m terms 
of the amount of information it can 
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transmit, or better, m terms of its ability 
to transmit what is produced out ol a 
souice of a given information. 

The transmitter may take a written 
message and use some code to encipher 
this message into, say, a sequence of 
numbers, these numbeis then being sent 
over the channel as the signal. Thus one 
says, in general, that the function of the 
transmitter is to encode, and that of 
the leceivcf to decode, the message The 
theory provides lor very sophisticated 
transmitter and leceiveis— such, for ex- 
ample, as possess “memories,” so that the 
way they encode a certain symbol of 
the message depends not only upon this 
one symbol but also upon pievious sym- 
bols of the message and the way they 
have been encoded. 

We are now m a position to state the 
fundamental theorem foi a noiseless 
channel transmitting disci ete symbols. 
This theorem relates to a communication 
channel which has a capacity of C units 
per second, accepting signals hom an in- 
formation source of Ii units per second 
The theorem states that by devising 
proper coding procedures for the trans- 
mitter it is possible to transmit symbols 
ovei tbe channel at an average late 
which is nearly C/H, but which, no mat- 
ter how clever the coding, can never be 
made to exceed C/H. 

V IEWED supeificially, say m rough 
analogy to the use of transformers to 
match impedances in electrical circuits, 
it seems very natiual, although certainly 
pretty neat, to have this theorem which 
says that efficient coding is that which 
matches the statistical characteristics of 
information source and channel. But 
when it is examined m detail for any 
one of the vast airay of situations to 
which this result applies, one realizes 
how deep and powerful this theory is. 

How does noise affect information? 
Information, we must steadily remem- 
ber, is a measure of one's fieedom of 
choice m selecting a message. The great- 
er this freedom of choice, the gi eater is 
the uncertainty that the message actually 
selected is some particular one. Thus 


gieatei fieedom of choice, gi eater uncer- 
tainty and greater information all go 
hand m hand. 

If noise is mtioduced, then the re- 
ceived message contains certain distor- 
tions, certain eirois, certain extraneous 
material, that would ceitamly lead to in- 
creased uncertainty. But if the uncer- 
tainty is increased, the information is 
inci eased, and this sounds as though the 
noise weie beneficial 1 

It is tiue that when there is noise, the 
received signal is selected out of a more 
varied set of signals than was intended 
by the sendei. This situation beauti- 
fully lllustiates the semantic trap into 
which one can fall if he does not remem- 
bei that “information” is used here with 
a special meaning that measures freedom 
of choice and hence unceitainty as to 
what choice has been made Uncertainty 
that arises by vntue of heedom of choice 
on the part of the sender is desirable un- 
ceitainty. Uncertainty that anses be- 
cause of enois or because of the influ- 
ence oi noise is undesirable uncertainty. 
To get the useful information in the re- 
ceived signal we must subtiact the spu- 
rious portion. This is accomplished, m 
the theory, by establishing a quantity 
known as the “equivocation,” meaning 
the amount oi ambiguity introduced by 
noise One then refines or extends the 
previous definition of the capacity of a 
noiseless channel, and states that the 
capacity of a noisy channel is defined to 
be equal to the maximum rate at which 
useful information (i,e., total uncertain- 
ty minus noise uncertainty) can be trans- 
mitted over the channel. 

Now, finally, we can state the great 
central theorem of this whole communi- 
cation theory. Suppose a noisy channel 
of capacity C is accepting information 
from a source of entropy H, entropy cor- 
responding to the number of possible 
messages from the source If the channel 
capacity C is equal to or larger than H, 
then by devising appropriate coding sys- 
tems the output of the souice can be 
transmitted over the channel with as 
little error as one pleases. But if the chan- 
nel capacity C is less than H, the entropy 


of the source, then it is impossible to 
devise codes which i educe the error 
hequency as low as one may please. 

However clever one is with the coding 
process, it will always be tiue that after 
the signal is received theie lemains some 
undesnable unceitainty about what the 
message was; and this undesirable uncer- 
tainty— tins noise or equivocation— will 
always be equal to oi greater than H 
minus G. But there is always at least one 
code capable of reducing this undesir- 
able uncertainty down to a value that ex- 
ceeds H minus C by a small amount. 

This powerful theoiem gives a precise 
and almost staitlingly simple description 
of the utmost dependability one can ever 
obtain hom a communication channel 
which operates m the presence of noise 
One must think a long time, and con- 
sider many applications, befoie he fully 
realizes how powerful and general this 
amazingly compact theorem really is 
One single application can be indicated 
here, but m oiciei to do so, we must go 
back foi a moment to the idea of the 
information of a source 

Having calculated the entropy ( or the 
information, or the freedom of choice) 
of a ceitain information source, one can 
compare it to the maximum value this 
entropy could have, subject only to the 
condition that the source continue to 
employ the same symbols. The ratio of 
the actual to the maximum entropy is 
called the relative entiopy of the souice. 
If the relative entiopy of a ceitam source 
is, say, eight-tenths, this means roughly 
that this souice is, in its choice of sym- 
bols to form a message, about 80 per 
cent as free as it could possibly be with 
these same symbols. One minus tbe rela- 
tive entropy is called tire “redundancy,” 
That is to say, this fraction of the mes- 
sage is unnecessary in the sense that if 
it were missing the message would still 
be essentially complete, or at least could 
be completed. 

It is most interesting to note that the 
redundancy of English is just about 50 
pei cent. In othei words, about half of 
the letters or woids we choose m writing 
or speaking are under our bee choice. 
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and about half are leally conti oiled by 
the statistical structure of the language, 
although we are not ordinal ily aware of 
it. Incidentally, this is just about the 
minimum of freedom (or lelative en- 
tropy) m the choice of letters that one 
must have to be able to construct satis- 
factory crossword puzzles In a lan- 
guage that had only 20 per cent of fiee- 
clom, or 80 per cent redundancy, it would 
be impossible to construct ciosswoid 
puzzles m sufficient complexity and num- 
ber to make the game popular. 

Now since English is about 50 per 
cent redundant, it would be possible to 
save about one-half the time of oidmaiy 
telegraphy by a proper encoding pi ocess, 
provided one transmitted over a noise- 
less channel. When there is noise on a 
channel, however, there is some real ad- 
vantage m not using a coding process 
that eliminates all of the redundancy. 
For the remaining redundancy helps 
combat the noise. It is the high re- 
dundancy of English, for example, that 
makes it easy to correct enois m spelling 
that have arisen during transmission. 

T HE communication systems dealt 
with so far involve the use of a dis- 
crete set of symbols— say letters— only 
moderately numerous. One might well 
expect that the theory would become 
almost indefinitely more complicated 
when it seeks to deal with continuous 
messages such as those ol the speaking 
voice, with its continuous variation ol 
pitch and energy As is often the case, 
however, a very interesting mathematical 
theorem comes to the lescue As a prac- 
tical matter, one is always interested m 
a continuous signal which is built up of 
simple harmonic constituents, not of all 
frequencies but only of those that lie 
wholly within a band from zero to, say, 
W cycles per second. Thus very satisfac- 
tory communication can be achieved 
over a telephone channel that handles 
frequencies up to about 4,000, although 
the human voice does contain higher fre- 
quencies. With frequencies up to 10,000 
or 12,000, high-fidelity radio transmis- 
sion of symphonic music is possible. 

The theorem that helps us is one 
which states that a continuous signal, T 
seconds m duration and band-limited in 
frequency to the range from zero to W, 
can he completely specified by stating 
2TW numbeis. This is really a remark- 
able theorem. Ordinarily a continuous 
curve can be defined only approximately 
by a finite number of points. But if the 
curve is built up out of simple harmonic 
constituents of a limited number of fre- 
quencies, as a complex sound is built up 
out of a limited number of pure tones, 
then a finite number of quantities is all 
that is necessary to define the curve com- 
pletely. 

Thanks partly to this theorem, and 
partly to the essential nature of the situ- 
ation, it turns put that the extended 


theory ol continuous communication is 
somewhat moie difficult and complicated 
mathematically, but not essentially dif- 
ferent from the theory for discrete sym- 
bols. Many of the statements for the 
disci ete case requne no modification for 
the continuous case, and others requne 
only minor change 

The mathematical theoiy of communi- 
cation is so general that one does not 
need to say what kinds of symbols are 
being consideied— whether written let- 
ters oi woids, or musical notes, or spoken 
woids, oi symphonic music, or pictures. 
The lelationships it leveals apply to all 
these and to other foims of communi- 
cation. The theory is so imaginatively 
motivated that it deals with the real inner 
core of the communication problem. 

One evidence of its generality is that 
the theory contributes impoitantly to, 
and m fact is leally the basic theory 
of, cryptography, which is of couise a 
form of coding, In a similar way, the 
theory contributes to the problem of 
translation from one language to an- 
other although the complete stoiy here 


EDITOR’S NOTE 

The University ol Illinois Press 
will shoitly publish a memoir on 
communication theory. This will 
contain the original mathematical 
articles on communication by 
Claude E. Shannon ol the Bell 
Telephone Laboratories, together 
with an expanded and slightly 
more technical version of Dr, 
Weavers article, 


clearly lequires consideration of mean- 
ing, as well as of information Similarly, 
the ideas developed m this work connect 
so closely with the problem ol the logical 
design of computing machines that it is 
no surpnse that Shannon has written a 
paper on the design of a computer that 
would be capable of playing a skillful 
game of chess. And it is of furthei pei- 
tinence to the piesent contention that 
his paper closes with the lemark that 
either one must say that such a com- 
puter “thinks,” or one must substantially 
modify the conventional implication of 
the verb “to think ” 

The theoiy goes further. Though 
ostensibly applicable only to problems at 
the technical level, it is helpful and sug- 
gestive at the levels of semantics and 
effectiveness as well. The formal dia- 
gram of a communication system on 
pages 12 and 13 can, in all likelihood, 
be extended to include the central issues 
of meaning and effectiveness. 

Thus when one moves to those levels 
it may prove to be essential to take 
account of the statistical characteristics 
of the destination. One can imagine, as 
an addition to the diagram, another box 
labeled “Semantic Receiver” interposed 
between the engineering receiver (which 


changes signals to messages) and the 
destination. This semantic leceivei sub- 
jects the message to a second decoding, 
the demand on this one being that it 
must match the statistical semantic chai- 
acteristics of the message to the statis- 
tical semantic capacities ol the totality 
of leceivers, or of that subset of ie- 
ceivers which constitutes the audience 
one wishes to affect 

Similarly one can imagine -another box 
m the diagram which, mseited between 
the information souice and the transmit- 
ter, would be labeled “Semantic Noise” 
(not to be contused with “engineering 
noise”). This would lepresent distor- 
tions of meaning introduced by the m- 
lormation source, such as a speakei, 
which aie not intentional but neverthe- 
less affect the destination, or listener. 
And the pioblem of semantic decoding 
must take this semantic noise into 
account. It is also possible to think of 
a treatment or adjustment of the ongmal 
message that would make the sum of 
message meaning plus semantic noise 
equal to the desiied total message mean- 
ing at the destination. 

A NOTHER way in which the theoiy 
- can be helpful m impiovmg com- 
munication is suggested by the fact that 
enoi and confusion ause and fidelity de- 
creases when, no mallei how good the 
coding, one tries to ciowd too much ovci 
a channel. A gcncial theory at all levels 
will surely have to take into account not 
only the capacity ol the channel but also 
(even the words are right!) the capacity 
ol the audience. If you overcrowd the 
capacity of the audience, it is probably 
hue, by diiecl analogy, that you do not 
fill the audience up and then waste only 
the remainder by spilling Moie likely, 
and again by direct analogy, you force 
a general erroi and confusion. 

The concept ol information developed 
m this theory at fust seems disappoint- 
ing and bizarre— disappointing because 
it has nothing to do with meaning, and 
bizarre because it deals not with a single 
message but rathei with the statistical 
character of a whole ensemble of mes- 
sages, bizaire also because m these sta- 
tistical terms the words information and 
uncertainty find themselves partners. 

But we have seen upon further ex- 
amination of the theory that this analysis 
has so penetratingly cleared the an that 
one is now perhaps for the first time 
ready for a real theory of meaning. An 
engineering communication theory is 
just like a very proper and discreet girl 
at the telegraph office accepting your 
telegram. She 'pays no attention to the 
meaning, whether it be sad or joyous 
or embarrassing. Bub she must be pre- 
pared to deal intelligently with all mes- 
sages that come to her desk. This idea 
that a communication system ought to 
try to deal with all possible messages, 
and that the intelligent way to try is to 
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base design on the statistical chaiactei 
of the source, is surely not without 
significance for communication in gen- 
eral* Language must be designed, 01 de- 
veloped, with a view to the totality of 
things that man may wish to say; but not 
being able to accomplish eveiy thing, it 
should do as well as possible as often as 
possible. That is to say, it too should 
deal with its task statistically. 

This study reveals facts about the 
statistical stiucture of the English lan- 
guage, as an example, which must seem 
significant to students of every phase of 
language and communication. It sug- 
gests, as a particulaily promising lead, 
the application of probability theory to 
semantic studies Especially pertinent 
is the poweiful body of probability the- 
ory dealing with what mathematicians 
call the Markoff processes, whereby past 
events influence present probabilities, 
since this theory is specifically adapted 
to handle one of the most significant but 
difficult aspects of meaning, namely the 
influence of context. One has the vague 
feeling that information and meaning 
may prove to be something like a pair 
of canonically conjugate variables in 
quantum theory, that is, that informa- 
tion and meaning may be subject to some 
joint restriction that compels the sacri- 
fice of one if you insist on having much 
of the other. 

Oi perhaps meaning may be shown to 
be analogous to one of the quantities on 
which the entropy of a thermodynamic 
ensemble depends. Here Eddington has 
another apt comment. 

“Suppose that we were asked to ar- 
lange the following in two categories— 
distance , mass , electric force , entropy , 
beauty , melody . 

“I think there are the strongest 
grounds for placing entropy alongside 
beauty and melody, and not with the fiist 
three. Entropy is only found when the 
parts are viewed in association, and it 
is by viewing or hearing the parts in 
association that beauty and melody are 
discerned. All three are features of ar- 
rangement. It is a pregnant thought that 
one of these three associates should be 
able to figuie as a commonplace quan- 
tity of science. The reason why this 
stranger can pass itself off among the 
aborigines of the physical world is that 
it is able to speak their language, viz., 
the language of arithmetic.” 

One feels sure that Eddington would 
have been willing to include the woid 
meaning along with beauty and melody; 
and one suspects he would have been 
thrilled to see, in this theory, that en- 
tropy not only speaks the language of 
arithmetic; it also speaks the language 
of language. 


Warren Weaver is Director 
for the Natural Sciences in 
the Rockefeller Foundation. 


1. Zero-order approximation 
XFOML RXKHRJFFJUJ ZLPWCFWKCYJ 
FFJEYVKCQSGXYD QPAAMKBZAACDBZLHJQD 


2. First-order approximation 
OCRO HLI RGWR NMIELWIS EU LL NBNESERYA TH EEI 
ALHENHTTPA OOBTTVA NAH BRL 


3. Second-order approximation 

Hj ON IE ANTSOUTXNYS ARE T INCTORE ST BE SDEAMY 
■H ACHIN D ILONASIVE TUCOOWE AT TEASONARE FUSO 
TIZIN ANDY TOBE SEACE CTISBE 


4 Third-order approximation 
IN NO 1ST LAT WHEY CRATICT EROURE SIRS GROCID 
PONDENOME OF DEMONSTURES OF THE REPTAGIN IS 
REGOACTIONA OF CRE 


5. First-Order Word Approximation 
REPRESENTING AND SPEEDILY IS AN GOOD APT OR 
COME CAN DIFFERENT NATURAL HERE HE THE A IN 
CAME THE TO OF TO EXPERT GRAY COME TO FUR- 
NISHES THE LINE MESSAGE HAD BE THESE. 


6. Second-Order Word Approximation 
THE HEAD AND IN FRONTAL ATTACK ON AN ENGLISH 
WRITER THAT THE CHARACTER OF THIS POINT IS 
THEREFORE ANOTHER METHOD FOR THE LETTERS 
THAT THE TIME OF WHO EVER TOLD THE PROBLEM 
FOR AN UNEXPECTED 


ARTIFICIAL LANGUAGE results when letters or words are set down sta- 
tistically. 1. Twenty-six letters and one space are chosen at random. 2. 
Letters are chosen according to their frequency in English. 3. Letters are 
chosen according to the frequency with which they follow other letters. 4 
Letters are chosen according to frequency with which they follow two other 
letters. Remaining examples do the same with words instead of letters. 
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ALLERGIC MECHANISMS 
IN NERVOUS DISEASE 


When monkeys are injected with their own brain tissue they 
develop neurological disorders. This remarkable fact raises 


the question of whether a similar process may occur in man 


by Elvin A. Kabat 


T HE PASTEUR treatment for rabies, 
a series of inoculations of rabbits’ 
spinal cord tissue containing weak- 
ened labies vims, was hist used on a 
large scale at the end ol the last century. 
The treatment occasionally produced a 
peculiar aftereffect. A small proportion 
of the people who were inoculated de- 
veloped a paralytic disease of the nerv- 
ous system which was sometimes fol- 
lowed by complete recovery but was also 
known to result m permanent disability 
01 death. The pathological changes ob- 
seived following anti-rabies treatment 
were limited to the central nervous sys- 
tem. There weie small scattered patches 
of inflammation, and the myelin sheaths 
covering the neive fibers in these areas 
disintegrated. 

The cause of the disease was difficult 
to understand. The Pasteur treatment in- 
volved the use of rabbit spinal coid con- 
taining rabies virus which, although still 
alive, had been attenuated or reduced in 
virulence by diying for varying periods 
of time. The hypothesis that the inflam- 
mation, or encephalomyelitis, was an 
atypical effect of the virus was unsatis- 
factory, chiefly because the pathology 


differed considerably from that observed 
m rabies 01 m various other virus infec- 
tions of the nervous system. It had been 
obseived that a somewhat similar dis- 
ease called acute disseminated encepha- 
lomyelitis occasionally occmred follow- 
ing smallpox vaccination and after a va- 
riety of diseases such as measles and 
scarlet fevei Furthermore, in more re- 
cent rabies vaccines the vims is not sim- 
ply attenuated but is actually killed, usu- 
ally with carbolic acid; these vaccines 
still give rise to encephalomyelitis m 
about one of every 5,000 rabies inocula- 
tions. Since the hypothesis that labies 
virus produced encephalomyelitis was 
no longer tenable, it became necessaiy 
to look for other evidence to explain the 
occurrence of the disease. 

Some 14 years ago at the Rockefeller 
Institute for Medical Research T. M. 
Rivers and his co-workers D. H. Sprunt, 
G. P. Berry and F. F, Schwentker de- 
cided to study the other constituent of 
rabies vaccine— rabbit central neivous 
tissue. They injected monkeys with 
emulsions of normal rabbit brain in an 
effort to determine whether this material 
was of importance in causing the patho- 


logical changes. After a large number of 
injections and over time intervals as long 
as 15 months, a number of their mon- 
keys developed a vanety of symptoms 
including unsteadiness of gait, rotation 
of the head, weakness of facial muscles, 
blindness and othci signs of disease of 
the central nervous system. The ceiebro- 
spmal fluid of the monkeys showed in- 
creases m piotein content and m the 
numbei of white cells. Post-mortem ex- 
amination levealed lesions in the cen- 
tral neivous system similar in many 
lespecls to those of acute disseminated 
encephalomyelitis in man. 

Rivers and his co-workers earned out 
thorough bacteriological studies and in- 
oculated a variety of animals with the 
brain tissue of these monkeys to exclude 
the possibility that some accidentally in- 
ti oduced bacterium or virus had caused 
the disease. No evidence indicating the 
presence of such an infectious agent was 
found. These studies were confirmed 
several years later by A. Ferraro and 
G, A. Jervis at the New York State Psy- 
chiatric Institute. 

So it appeared that the injection of 
normal rabbit brain tissue alone mto 



SYMPTOMS of acute disseminated encephalomyelitis motorability, demonstrated by a monkey’s inability to 
are showpin these drawings. At left is impairment of grasp a finger. Second from left is truncal ataxia, in 
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monkeys could pioduce acute dissemi- 
nated encephalomyelitis. This suggested 
that the most likely cause of the en- 
cephalomyelitis that followed vaccina- 
tion against labies was the labbit spinal 
coid tissue m the vaccine 

A hypothesis to explain how this 
might occur readily suggested itself The 
injected foreign tissue stimulates the 
foimation of antibodies in the host. 
These may pass through the circulation, 
ooze out of the capillanes of the cential 
nervous system and leact with neive tis- 
sues to pioduce the disease. Thus the 
mechanism would involve immunologi- 
cal or allergic factois. In the usual foim 
of allergy, contact with a loieign sub- 
stance, e.g , lagweed pollen, stimulates 
the formation of antibodies On subse- 
quent exposure of the individual to the 
same substance, the foreign material 
leacts with the antibodies and initiates 
a chain of chemical events leading to 
symptoms such as hay fever or asthma. 

The mechanism suggested for enceph- 
alomyelitis also has certain similarities 
to that involved m erythroblastosis 
fetalis, or Rh disease. A woman who orig- 
inally lacks the Rh factoi m her blood 
may produce antibodies to this factor if 
it is introduced by a transfusion with Rh- 
positive cells or dm mg a pregnancy. In 
that event she may have difficulty m sub- 
sequent piegnancies. If the fetus is Rh- 
positive, the mothers anti-Rh antibodies 
may pass through the placenta into the 
baby's circulation and react with its Rh- 
positive cells, destroying them and pro- 
ducing eiytluoblastosis fetalis. 

The novel feature of the hypothesis 
that postulates an allergic reaction to 
explain the encephalomyelitis after in- 
jection of materials containing brain or 
spinal cord tissue is the assumption that 
the antibodies which are formed to 
attack the injected brain tissue also react 
with the tissues of the individual’s own 
central nervous system. While the hy- 


pothesis apparently accounted fail ly 
satisfactory foi encephalomyelitis fol- 
lowing anti-iabies inoculations, it did 
not explain how acute disseminated en- 
cephalomyelitis could follow measles or 
smallpox vaccination where no introduc- 
tion of foieign brain tissue was involved. 
However, it stimulated the speculation 
that m these cases some substance m 
the individual’s own cential nervous 
system might in some unknown man- 
nei induce the formation of antibodies 
to itself. It such a mechanism could be 
established experimentally, it would be 
of general biological importance m the 
understanding of the pathology of many 
human diseases. Multiple sclerosis, a 
progressive disease of the central nervous 
system for which no adequate tieatment 
is known, exhibits many similanties to 
acute disseminated encephalomyelitis, 
indeed, many investigatois believe them 
to be diffeient forms of the same dis- 
ease, multiple sclerosis being a more 
chronic or more slowly progressing foim. 
Othei diseases, such as lheumatic fever, 
glomerulonephiitis (inflammation of the 
blood vessels of the kidney) and the 
toxemias of pregnancy, are believed by 
many to have a similar allergic basis 
In the case of glomerulonephiitis, the 
Japanese scientist M Masugi, J. E. 
Smadel of the Rockefeller Institute and 
others observed that if ducks or rabbits 
received injections of rat kidney, they 
developed antibodies to the rat kidney. 
When serum from these immunized rab- 
bits containing the rat-kidney antibodies 
was injected into lats, it gave rise to 
typical glomerulonephritis, with maiked 
albumin excietion in the mine and in- 
creases m the nonprotem nitrogen of 
the blood. 

T HE experimental production of dis- 
seminated encephalomyelitis m the 
monkey offered a means of fuither in- 
vestigating the disease mechanism. Un- 


loitunately the huge numbeis of in- 
jections and long time-intervals lequired 
to produce the disease still imposed foi- 
midable difficulties, and for the next 10 
years little further progress was made. 
During this fallow peiiod, however, a 
notable advance was made in methods 
of stimulating the production of anti- 
bodies Jules Freund and his co-workeis 
(now at the Public Health Research In- 
stitute of the City of New York) found 
that antibody formation could be in- 
creased greatly by admmisteimg the an- 
tigens that produced them in the foim of 
an emulsion with paiaffin oil, using a 
lanolinhke substance as an emulsifying 
agent. In certain cases, the inclusion of 
killed tubercle bacilli had an additional 
enhancing effect. The substances used- 
paraffin oil, killed tubercle bacilli and 
the lanolinhke emulsifying agent— are 
called adjuvants. 

At the end of the war, our laboratory 
at the Columbia Umveisity College of 
Physicians and Surgeons and at the Neu- 
lological Institute of New York was 
beginning to take up the threads of re- 
search on demyehnating disease which 
had been dropped for moie pressing war 
work m 1941 . With Abner Wolf and Ada 
E. Bezer, the author decided to try the 
Fieund adjuvants with brain tissue in an 
effort to produce encephalomyelitis m 
monkeys moie readily. The first experi- 
ment was spectacularly successful. Thiee 
of fom monkeys injected with an emul- 
sion of normal rabbit brain, Aquaphor 
(a proprietary lanohnlike emulsifying 
agent), paraffin oil and dead tubercle 
bacilli developed the disease after only 
three injections, all three animals were 
stricken within 40 days aftei the start of 
the experiment. A control group of ani- 
mals injected with normal rabbit tissue 
of the lung instead of the brain, plus 
adjuvants, remained perfectly healthy. 
Further experiments showed that the 
brain tissue not only of xabbits but also 



Which a monkey is unable to maintain its balance. Third a monkey cannot bring an object to its morith. Fifth is 
is bead tremor. Fourth is intentional ataxia, in which strabismus, in which eyes turn outward. Last is blindness. 
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of monkeys produced the disease, m 
other words the test monkeys were al- 
leigic to tissue of then own species 
At about this time we learned that 
identical results had been obtained by 
Isabel Morgan at Johns Hopkms Uni- 
versity, working completely independ- 
ently and fi om a somewhat different 
approach. Dr Morgan was interested in 
obtaining an enhanced antibody re- 
sponse to poliomyelitis virus m monkeys 
by the adjuvant technique. She used in- 
fected monkey spinal cord as the souice 
of the virus Her monkeys developed 
acute disseminated encephalomyelitis. 
Dr. Morgan rapidly established that the 
same results could be obtained with nor- 
mal uninfected spinal coid. 

These studies have since been con- 
firmed m many laboratories m this coun- 
tiy and abioad. Freund, E R. Stern and 
T. M. Pisam weie able to produce an 
encephalomyelitis in guinea pigs by 
using gumea-pig 01 rabbit brain emul- 
sions with adjuvants L. R. Mornson of 
the Harvard Medical School and the 
Massachusetts General Plospital ob- 
tained a similar disease in rabbits by 
means of injections oi rabbit spinal cord. 
Pathological changes in the guinea pig 
and rabbit do not show as striking a re- 
semblance to human demyelinating dis- 
eases as do changes observed in the 
monkey. Indeed, some workeis believe 
that if the monkey disease had not pio- 
vided a link, the relationship of the 1 ah- 
bit and guinea-pig conditions to the 
human dis_ease would not have been 
i eadily apparent. 

T PIE effect of adjuvants in enhancing 
the rate at which the disease is pro- 
duced provides fuither support for the 
hypothesis that an immunological mech- 
anism is involved. Additional evidence 
can be inferred from pathological stud- 
ies. According to the hypothesis, anti- 
bodies formed as a reaction to injected 
brain tissue pass through the circulation 
and then seep out of the capillaries. If 
this concept is correct, the first place 
where the antibodies come m contact 
with the individual’s central nervous tis- 
sue should be around the capillaries and 
blood vessels, and the typical small le- 
sions should always be found near these 
tissues. This corresponds precisely with 
the actual pathological findings. 

Although tissues from one monkey 
had been used to produce encephalo- 
myelitis in other monkeys, the possibility 
could not be ignored that the central 
nervous tissues of individuals of the same 
species differed and that the disease was 
still a response to “foreign” tissue. This 
is a crucial issue, because no animal is 
likely to “contact” the brain material of 
another animal, Unless it could be shown 
that an animal may develop an allergy 
|| to its own nervous tissue, the hypothesis 
M could not account for the observed in- 
cidence of encephalomyelitis in instances 


wheie no contact with foreign hi am tis- 
sue is involved. It was possible to ex- 
amine this pioblem expenmentally 

The question was* Could an animal be 
given the disease by injections of tissue 
from its own brain ? Under aseptic condi- 
tions, the right frontal lobe of the biain 
was removed surgically from each of six 
normal monkeys. When the animals xe- 
covered horn the effects of the opeiation, 
each received a senes of three injections 
of an emulsion with adjuvants piepared 
from its own biam tissue Five of the six 
animals came down with typical acute 
disseminated encephalomyelitis! 

The working hypothesis that an anti- 
body is involved is by no means com- 
pletely pioved. If such an antibody wcie 
present m sufficient quantity m the 
blood, it should be possible to produce 
the disease by injecting blood serum 
from animals with encephalomyelitis 
into healthy monkeys. To date all efforts 
to do this have failed. The failure does 
not disprove the hypothesis, however, 
since it is not unlikely that the cential 
nervous system of the diseased monkey 
lemoyes antibodies from the blood al- 
most as fast as they are formed. 

Anothei hypothesis, advanced by 
Fieund, asserts that the allergic reaction 
m this disease is sinnlai to that observed 
in the tuberculin test for tuberculosis— a 
form of hypei sensitivity not associated 
with a cn dilating antibody. In olhci in- 
stances of this type of sensitivity, Men ill 
Chase of the Rockefeller Institute has 
demonstrated that cell exudates or sus- 
pensions of tissue cells from alleigic ani- 
mals can transfer the sensitivity to 
healthy animals. Howevei, this type of 
experiment— transfei of cell exudates and 
suspensions from the spleen and lymph 
tissues of diseased monkeys— failed to 
produce encephalomyelitis in monkeys. 

Another phase of our studies involves 
the question of how the postulated anti- 
bodies are produced in reaction to the 
injected bnun tissue, Some suggestive 
evidence has been obtained. Freund 
observed m guinea pigs, and we sub- 
sequently found m monkeys, that an 
adjuvant mixtuie which omitted dead 
tubercle bacilli produced no encephalo- 
myelitis in a series of three injections. 
The question arose as to how the dead 
tubercle bacilli exeited then enhancing 
effect. It has long been known that dead 
tubercle bacilli produce a generalized 
body reaction when injected into animals 
with focal tuberculous infections, and 
that peculiar sensitivities also sometimes 
develop. Was encephalomyelitis initiated 
by this systemic effect of the tubercle 
bacillus? If so, it should be possible to 
produce the disease by injecting the 
tubercle bacilli at a site removed from 
the injection of the brain tissue. Accord- 
ingly each of a group of monkeyswas 
injected in one arm with an emulsion of 
monkey brain, paraffin oil, and the 
emulsifying agent Aquaphor (but no 


tubercle bacilli), and m the other aim 
with an emulsion of tubercle bacilli, 
paraffin oil and Aquaphoi (but no 
bnun). These animals failed to develop 
the disease, a finding which suggests that 
the bacilli must be piesent at the same 
site as the biain tissue foi the enhancing 
effect of die adjuvants to occui. 

P ERHAPS the most impoitant ques- 
tion to be settled is the chemical 
natuie of the antigen, the substance le- 
sponsible for inducing encephalomyeli- 
tis, Whole biam tissue is composed of a 
huge numbei ol substances, and it is 
probable that only one of these is actu- 
ally involved. The antigen is fairly wide- 
ly distributed, as evidenced by the fact 
that encephalomyelitis can be pioduced 
m monkeys by emulsions with adjuvants 
of biain even hom such an animal as the 
chicken. Frog and fish brain, howevei, 
do not contain it. Thus fai the antigen 
has been shown to be fairly lesistant to 
heat or treatment with high-frequency 
sound waves. But it is destioyed by ex- 
traction of the brain tissue with alcohol 
or with acetone; neither the extracts nor 
the e\ti acted residues induce the disease 
when administered with adjuvants. 

Although die antigen has not yet been 
obtained in pure form, there is some evi- 
dence suggesting that myelm itself may 
be involved. Emulsions with adjuvants 
of fetal rabbit In am, which contains no 
myelm, did not produce the disease. To 
establish how soon after bn th the antigen 
appeared m brain, the following experi- 
ment was carried out: Emulsions with 
adjuvants of the cerebrum and spinal 
cords of rabbits varying m age from one 
day to three months were piepared and 
injected into monkeys It was found that 
the spinal cords of rabbits tin ee days old 
or older could piocluce encephalomyeli- 
tis, while the cerebrum did not show any 
capacity to induce the disease unless ob- 
tained lrom rabbits L2 days ol age 01 
over. This finding indicates a sinking 
parallelism lie tween the appearance of 
the antigen in the biam tissue and the 
development of myelin, since it is well 
established that myelmation of the nerve 
fibers takes place during these periods 
and that myelin appears first in the 
spinal cord and last m the cerebrum. 

But the evidence that myelm may be 
involved is only circumstantial. It does 
not constitute pi oof, and it is readily 
conceivable that another substance that 
makes its appearance simultaneously 
with myelin could be responsible. The 
final test will be the chemical isolation 
and characterization of the antigen m 
purified form, and it is toward this end 
that efforts are now being directed. 


Elvin A. Kahat is associate professor of 
bacteriology at the Columbia University 
College of Physicians and Surgeons and 
the Neurological Institute of New York. 
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PHOTOMICROGRAPH of nerve tissue from the same sel ( center ) . This demyelination is characteristic of acute 
monkey shows Breakdown of tissue around a Blood ves- disseminated \ encephalomyelitis in animals and man* 
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THE MOON’S SURFACE is pitted with large and small of the relatively level “seas” which appear as dark areas 
craters. Shown here is the region of Mare Imbriiuh, one to the naked eye. As noted in this article, the smaller 
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craters are deeper in proportion to 
their diameter than the large ones. 


THE CRATERS 
OF THE MOON 

The classical debate over their origin is 
gradually being resolved. The author sets 
forth his summary of the meteorite theory 

by Ralph B. Baldwin 


W HEN GALILEO first focused his 
“optik tube” on the moon m 1610, 
he set off a chain reaction of sci- 
entific controveisy whose lepercussions 
have continued to the present day. Tiny 
and impeifect as bis telescope was, it 
gave eaith-dwellers their first view of the 
weird, beautiful and endlessly puzzling 
foimations on the moon’s surface. These 
great ndges and hollows lesembled the 
well-known mountain langes and craters 
of the earth— and yet they were some- 
how different. 

The peculiar featuie of the moon's 
physiognomy was its huge cuplike de- 
pressions, named “crateis” horn the 
Greek word foi cup. The closest counter- 
parts to them on the earth appeared to 
be the crateis of volcanoes. It was logi- 
cally assumed, therefore, that the lunar 
crateis also were made by volcanoes. 
True, they were much larger than any 
volcanic pit on earth. The biggest ex- 
plosive volcanic crater is two miles in di- 
ameter, whereas the lunar crateis range 
up to 146 miles. But no other sensible 
explanation seemed possible, and for 300 
years the volcanic theory prevailed over 
all rival proposals, including such im- 
probable ones as that the lunar craters 
are ice formations, coral rings, or the 
collapsed remains of great bubbles of 
molten matter. 

As time passed, however, many scien- 
tists came to lealize that the craters of 
the moon showed certain fundamental 
characteristics which demonstrated that 
they were not of exactly the same type 
as the earthly fire mountains. It was 
discovered, for one thing, that their 
apparent shape is a queer optical illu- 
sion, they look like deep cups, but 
actually in proportion to theii width 
they are extremely shallow, more like 
saucers than cups. Furthermore, the 
floors of these craters are sunk below 
the surface of the surrounding plains 
Such a crater presents the greatest pos- 
sible contrast to a terrestrial volcano 
Here is no volcanic neck, funneling 
molten materials from basement reser- 
voirs to the surface, where they pile up 


as a tall, graceful mountain with a rela- 
tively tiny ciatei high in the peak. It is 
a new type of object, a structure scarcely 
known on eaitli. If it is volcanic m 
natuie, it must be vulcanism of a kind 
completely unknown to modern geology. 

So a fiesh start had to be made, and 
it began with the measurement and more 
precise observation of the sizes and 
shapes of the lunar crateis Were they 
all cieated by the same general process 
or by various landom, local forces? This 
question could only be answered by 
attempting to find out whether there 
were any consistent similarities and 
mathematical lelationships in the dimen- 
sions of the craters. 

Toward the end of the 18th century 
the German astronomer J. H. Schroter 
made thousands of measurements of the 
moon’s craters. He determined their di- 
ameters, their depths, the slopes of their 
inner and outei walls and the height 
above the surrounding moonscape of the 
lim material piled up around the craters* 
edges. Eventually his industry was re- 
warded by the discovery of a general 
relationship, still known as Schioter’s 
Rule: “For each crater, the part of the 
material above the surface is approxi- 
mately equal to the volume of the in- 
terior depression below the surface.” 
Schrotei’s Rule has been confirmed in 
more recent times by the English astron- 
omer T L. MacDonald and the Ger- 
man H. Ebert. The great majority of the 
lunar craters rigorously obey the rule, 
and the exceptions can be explained by 
deformations that took place after the 
craters were formed, 

Schroter’s finding pointed to an en- 
tirely new explanation of the craters* 
origin. They gave every appearance of 
having been created by shallow ex- 
plosions of some kind that had blasted 
pits in the surface of the moon and piled 
up the shattered rock around the edges. 

Ebert, MacDonald, the German J. F. ]. 
Schmidt and the Englishman E, Neison 
went on to develop some other interest- 
ing facts. Ebert showed that the shapes 
of the craters fall into definite, con- 
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sistent patterns when their depths aie 
compared with their widths. The smaller 
pits, up to about 20 miles m diametei, 
on the average are about 10 per cent 
as deep as they are broad. The largei 
craters tend to become shallower in pro- 
portion to their diameter. Thus the depth 
of a crater 60 miles bioad is only about 
5 per cent of its diameter, and for the 
largest ciateis, 100 miles or moie wide, 
the depth is about 2.5 to 3 pei cent of 
the width 

There was another significant finding 
about the form of the crateis: the outei 
slopes of their rims toward the sunound- 
ing plains are veiy giadual, ranging from 
one to eight degrees in the various 
craters. These consistently low giadients 
not only add to the evidence that the 
maters all belong to one family but rule 
out the possibility that they might have 
been foimed by volcanic action. Material 
ejected by a volcanic eruption comes to 
rest on a lelatively steep slope. On the 
earth this ‘"angle of repose,” at which 
the material stops sliding down a slope, 
is 30 to 35 degrees for fine volcanic ash 
and 40 to 45 degrees for coarser masses 
of slag and lava cinders. On the moon, 
with its relatively low surface gravity, 
the angle of repose would be even 
sloepoi. But the slope of the crater rims 
on the moon is nowhere near this order 
of magnitude. 

Now what type of natural excavation 
on the earth answers the description of 
the lunar craters? There is one, and only 
one. It is the type of cratei formed by 
the impact of a meteorite. There aie sev- 
eral hundred known meteoritic crateis 
on the earth. The largest is the great 
Arizona crater, 4,150 feet in diameter 
and onginally at least 700 feet deep. A 
meteoritic crater 2,800 feet in diameter 
was recently leported in Australia, and 
others are available for study in Texas, 
Kansas, Arabia, Siberia, and Aigentma 
and on the Baltic island of Oesel. 

It is certain that these pits were 
formed by the explosion of relatively 
small meteorites striking the earth at 
very high speed. The impact is so great 
that a meteorite blasts a hole of the order 
of 60,000 times its own volume m the 
earth's ciust. 

In fact, the meteoritic crateis on tire 
earth have exactly the same form as the 
larger ones on the moon in eveiy Respect 
but one. they are somewhat deeper rela- 
tive to their diameters. But this is ade- 
quately explained by the relationship 
noticed on the moon, namely, the smaller 
a craters diameter, the gi eater its rela- 
tive depth. 

S O the most plausible explanation of 
the craters of the moon appears to 
be that they were created by the cata- 
clysmic impacts of great meteorites. 
This theory, first suggested about 80 
years ago, is now favored by the ma- 
jority of investigators of the problem* But 


to suggest such a hypothesis is one thing, 
and to prove it is quite another Before 
any definite conclusions about the origin 
of the lunar ciateis can be drawn, it is 
necessary to relate what we know about 
them moie precisely to phenomena 
known on the earth 

To this end, the author has thoroughly 
combed the literature concerning all 
forms of terrestnal craters, pits and sinks. 
One of the most helpful sources of in- 
formation is the great amount of knowl- 
edge accumulated during the lecent war 
about ci atevs blasted m the ground by 
bombs and by mortar and artillery shells. 
When all these data were compared, it 
became clear that the only type of cratci 
that coriesponds to the ones on the moon 
is the simple explosion pit formed by a 
single application of explosive power. 
Such a pit always has the same general 
form, whether it is produced by a bomb, 
a shell, a military mine or a meleoiite. 

First, let us consider the simplest and 
most revealing relationship— the ratio ol 
depth to diameter. There aie 329 ciateis 
on the moon whose dimensions aie 
known with sufficient precision for com- 
parison. Many of them, however, over- 
lap one another and arc thcrefoie dis- 
torted. Foi this study 193 lunar crateis 
that aie free of such distortions weie 
selected. They range from one to 85 
miles in diameter. Their depth-diameter 
ratios were then compared with those 
of many hundieds of explosion pits 
on the earth. The smallest weie tiny 
craters less than thiee feet across and 
less than one foot deep, made by mortar 
shells. From these the crater sizes were 
ai ranged according to increasing di- 
ameter, up through those produced by 
larger shells, blockbuster bombs and 
great industrial detonations. The largest 
man-made crater was that formed by the 
explosion of a chemical plant which 
wiped out the town of Oppau, Bavaria, 
on September 21, 1921 This excavation, 
400 feet in diameter and 90 feet deep, 
is only one thirteenth as large as the 
smallest measured lunar cratei. But the 
gap is bridged by nature, which oblig- 
ingly has furnished a number of meteor- 
itic crateis of vaiying sizes that overlap 
the largest man-made pits and approach 
the dimensions of the smallest we can 
see on the moon. The four meteontic 
crateis chosen for comparison ranged 
from a 30-foot pit in Austialia to the 
4,150-foot hole m Arizona The oiiginal 
dimensions are not adequately known 
for the other meteorite craters. 

When the depth-diameter ratios of all 
these craters are plotted graphically, 
using a logarithmic scale because of the 
very wide spread in their dimensions, the 
result is striking. The chart at the top of 
page 24 shows that these ratios, from the 
smallest man-made to the largest lunar 
craters, make a beautifully smooth curve, 
which obeys Ebert's rule that as the 
diameter of a lunar crater increases its 


relative depth decreases. The bomb, 
mcteonte and moon crateis form a 
family relationship which is too startling, 
too positive, to be fortuitous The only 
reasonable interrelation of the curve is 
that the lunai curlers, like the tcnestnal, 
sprang from the same known cause. All 
of them form a continuous sequence of 
explosion pits, each dug by one blast. 

Theie are othei correlations that 
further confirm the hypothesis. A cratei 
formed by the blast of a bomb, a shell 
or a meteorite mvaiiably is circulai or 
no aily cncular. Tins is tiue regardless of 
the angle at which the projectile hits, al- 
most to the limiting case where it 
licoehets along the ground befoie it ex- 
plodes The blasted caith forms a low rim 
around the pit, steep on the inner face 
and dipping gradually to the plain on the 
outei side. The laigei the crater, of 
com se, the gieatei the height of its lim. 
And this description exactly fits the 
craters on the moon. Here again com- 
parison of the i elation between the 
diametei s and rim heights of craters pro- 
duces a smooth curve foi ten es trial and 
lunai cullers alike, as shown m the chait 
at the bottom ol page 24. 

Studies of the explosion pits on the 
earth yield a neat method ol checking 
Seln (iter's observation that the material m 
the inns around the lunai craters would 
just fill the crateis if it were replaced, 
T3ie plotting ol the i alios between di- 
amelei and depth and between diametei 
and rim height of the various cutters pro- 
duces two equations that give the latios 
lor a crater ol any size. The first ol these 
equations provides a method for com- 
puting the total depth of a crater, given 
its diametei, The second makes it possi- 
ble to calculate the height of the rim. 
Subti acting the rim height from the total 
depth gives the depth of the crater be- 
low the surrounding ground level. From 
this information, plus certain other gen- 
eral data including the width of a crater's 
rim (which averages roughly one fourth 
of its diameter) , it is possible to calculate 
the volume of material displaced from 
the crater. On the basis of this volume, a 
theoretical value can be calculated foi 
the height of the rim of a crater of any 
given size. To check Schroter's Rule, 
this theoretical height was compared 
with the actual measuied heights of 
lunar crater rims. The agreement be- 
tween the theoretical and observed 
heights was excellent. 

The foregoing analysis proves only 
tlial the moons craters weie formed by 
great explosions; it does not show the 
source of the energy that pioduced such 
explosions. But it can be said that only 
one known source of energy is vast 
enough to yield the observed results— 
the energy carried by great meteorites. 
When a meteorite strikes a rocky crust 
and is stopped quickly a little below the 
surface, the kinetic energy of its motion 
is transformed into heat. The heat is so 
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LUNAR CRATER Theophilus appears practically flat 
in comparison with terrestrial craters. Its rim, however. 


towers 15,000 feet. Profile was measured at the McMatli 
Hulbert Observatory of the University of Michigan 


TERRESTRIAL meteor crater near Odessa, Tex., ha? filled with silt and sand (1) ; older silt, sand, caliche and 
profile rather similar to lunar craters. Odessa crater is pebbles (2) ; fragments of rock (3) ; and rock dust 14). 


RAMPART *X” 15,000 FT. 


PEAK "A" 7,500 FT. 


RAMPART "3” 14,000 FT. 


METEOR CRATER in Arizona, like the Odessa crater, 
appears much deeper than the ciatcrs visible on the 


moon. Terrestrial craters are much smaller than lunar, 
but they still adhere to the diameter-depth rule. 




LOG OF DEPTH (FEET) 
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DIAMETER AND DEPTH relationships of craters on the earth ami the 
moon follow the same curve. Logarithmic scale is used because of great dif- 
ference in size between craters measured on earth and visible on the moon. 


LOG OF DIAMETER (FEET) 



i DIAMETER AND RIM HEIGHT relationships of terrestrial and lunar 
craters also follow the same rule. Another similarity between terrestrial 
explosion craters and lunar craters is that they are almost perfectly circular. 



gieat that it vaporizes the rocks at that 
spot, and these gases blast the crater. 

How big were the meteorites that 
gouged the craters in the moon? C C. 
Wylie ol the University ol Iowa calcu- 
lated that the great crater in Anzona was 
produced by a nickel-iron meteorite be- 
tween 30 and 64 feet in diameter. If the 
meteorite were spherical and, say, 50 
feet m diameter, it dug a hole about 
60,000 times its own size. II we assume 
that this ratio would hold generally, 
lunar craters of the Older of 20 miles m 
diameter were produced by meteorites 
about 750 feet m diameter, and 80-mile 
crateis by meteorites of 2,700 feet. 

A NOTHER method is to consider the 
- energy needed to blast terrestrial 
cialeis of any given size, and then ex- 
ti updating to larger pits. By assuming 
that meteorites of nickel and iron stiuck 
the moon with a velocity of 10 miles pei 
second, we can calculate how large they 
must have been to carry the required 
amounts of energy. This method yields 
slightly larger values for the meteorite 
sizes than the first one. Even so, the 
meteorites that piotluccd the gieat lunai 
craters are surprisingly small. The big- 
gest crater on the moon, 146-mile Clav- 
ius, probably was blasted by a cosmic 
fragment no more than one or two miles 
in diameter. 

The face of the moon is scarred by at 
least a million craters visible from the 
earth and probably by billions of tiny 
pits that we cannot see. If they were 
made by meteorites, why do we not find 
many on the earth? The moon has always 
been a companion of the earth, and the 
history of the one must be but a paia- 
phrase of the other's. At the beginning 
billions of meteorites must have fallen 
oil the earth as well as on the moon The 
difference, however, is that on the earth 
the torces of erosion would erase me- 
leoritic craters within a relatively short 
time, On the moistuieless, atmosphere- 
less moon there has been no erosion for 
billions of years. 

Thus th<£ moon bears on its surface an 
imperishable record, frozen in rock, of 
its history since its crust was formed. In 
its early ages the moon probably evolved 
from a gaseous to a liquid state. It cer- 
tainly solidified under an explosive rain 
of meteoritic fragments. After it hard- 
ened its meteoritic craters remained as 
peimanent scars. The ram of meteorites 
abated as most of them were swept up, 
and at present such collisions are few 
and far between. The moon’s face is still 
changing, but its encounters with me- 
teorites of any significant size are so rare 
that in man’s brief history little visible 
variation has appeared. 


Ralph B. Baldwin is au- 
thor of the recent book 
The Face of the Moon. 
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CAN PROVIDE 
INSIDE INFORMATION 


Tins is the example illustrated— a casting of cobalt- 
chromium-molybdenum alloy. It consists of a 1/16-mch 
vane extending from a 2-meh block 


With million-volt x-rays on Kodak 
Industrial X-ray Film, Type M , the 
base of this dense casting shows 
fine structures that add up to a 
gross defect. The high contrast and 
low graininess of this film show 
clearly the size and character of the 
defect. 
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At 250 kv r another radiograph on 
Kodak Industrial X-ray Film , 
Type M, reveals a threadlike struc- 
ture extending from a cavity near 
the end of the vane. Here, too, high 
contrast and low graininess are essen- 
tial, and yet the film has adequate 
speed for reasonably short exposure. 


. * 


RADIOGRAPHY IN MODERN INDUSTRY 

A wealth of invaluable data on radiographic principles, 
practice, and technics. Profusely illustrated with photo- 
graphs, colorful drawings, diagrams, and charts. Get a 
copy from your local x-ray dealer, price $3 
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At 25 kv, a microradiograph is made 
on a Kodak Spectroscopic Plate , Type 
5Jf8-0, through a .005-inch section 
cut from the casting. At 35X enlarge- 
ment, the extremely high resolution 
of this photographic material shows 
a rectangular array of crystal growth 
in which the lighter tone is inter- 
preted as a molybdenum-rich phase. 
This is indicated by the relative 
opacity of molybdenum to x-rays, 
emphasized by the low kilovoltage. 


(< Kodak” is a trade-mark. 


EASTMAN KODAK COMPANY 
Rochester 4, N. Y. 
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SCIENCE MB THE 



Tempest in a Hearing Room 

S INCE early May, the Atomic Energy 
Commission, which had received 
comparatively little attention during its 
first two years, has held a prominent 
position on the Washington political 
stage. The charges against the Commis- 
sion and Chairman David E. Lilienthal— 
prosecuted largely by Senator Bourke B. 
Hickenlooper of Iowa, former chairman 
of the Joint Congressional Committee on 
Atomic Energy and a candidate foi re- 
election to the Senate next year— were 
pegged on certain recent incidents but 
were not basically new. The whole per- 
formance has been disquieting to the 
U,S. scientific community because it 
appears to 1 effect a continuing lack of 
understanding of the atomic energy en- 
terprise m some quarteis m Congress, 
and a continuing tendency ’toXvard polit- 
ical interference in science (see page 
30). 

Here is a day-by-day account of 
events up to the time this issue of Scien- 
tific American went to press. 

May 10— Fulton Lewis, Jr., Mutual 
Broadcasting System commentator, com- 
plained in a news broadcast that the AEC 
had awarded a fellowship to a member 
of tire Communist paity, Hans Freistadt, 
a graduate student and part-time instruc- 
tor xn physics at the University of North 
Carolina. 

May 1 2— Lewis’ charge was repeated 
in Congress by Representative W. Ster- 
ling Cole, New York Republican, and 
Senator Clyde R. Hoey, North Carolina 
Democrat. 

May 1 4— Hickenlooper asserted that 
an AEC fellowship had also been 
awarded to a “Communist” postdoctoi al 
fellow at an Eastern university 

May 16— Lilienthal told the Joint Con- 
gressional Committee on Atomic Energy 
that the National Research Council, 
which administers the fellowship pro- 
gram for the AEC, had recommended a 
fellowship for Freistadt. He explained 
that “the work carried on under the 
fellowship program is overwhelmingly 
concerned with non-secret areas of re- 
search"; Freistadt was to do non-secret 
work in relativity. On the advice of the 
Council, the Commission had decided 


not to lequiie security cleaiance of can- 
didates foi such fellowships. Lilienthal 
warned that to lequire loyalty clearance 
for workeis in non-secret fields would 
create a precedent “of grave and lai- 
leachmg consequence to our scientific 
and educational system.” His views were 
seconded by A, N. Richards, piesident 
of the National Academy of Sciences, 
parent body of the National Research 
Council. 

May 17— In a stoiy by William Brad- 
foicl Huie and Jeiry Gieene, the New 
York Daily Neivs repoited that three 
quarters of a pound of uiamum 235 had 
disappeared from the Argonne National 
Laboratory “Key counter -intelligence 
officeis who have been sweating blood 
m a frantic race to find the missing bomb 
component,” the News announced, “now 
believe they have failed and that the 
uranium is in Russian hands. The loss—, 
or moie probable theft— is considered 
the gieatest tin eat to national security 
ever to be discovered m peacetime.” The 
story quickly appeared on front pages 
across the countiy, but the facts tinned 
out to be not quite as fiisL reported. The 
AEC conceded that some uranium had 
been missed m the Argonne Laboratory's 
Febiuary inventory. The missing mate- 
rial, however, was an enriched uranium 
compound that contained only 32 giams 
(1.05 ounces) of U-235. Of this, 25 
grains had alieady been recovered from 
laboratory waste. 

May 18— Senator Brien D. McMahon, 
chairman of the Joint Committee, an- 
nounced that an additional three grams 
of the missing U-235 had been recov- 
ered. He said be was satisfied that no 
material had been stolen, and the FBI 
had declared itself convinced no espio- 
nage was involved in the incident. 

May 19— McMahon announced that 
Iris committee would inquire into the 
disappeaiance of the U-235 and the 
awaid of fellowships to Communists. 
Committee members were angry, he ex- 
plained, over a six- week delay by the 
AEC m reporting the loss of the U-235 
to the FBI. The Senate Appropriations 
Committee subcommittee dealing with 
AEC funds, headed by Senator Joseph 
C. O’Mahoney, Wyoming Democrat, en- 
tered the fray with a second inquiry mto 
the fellowship program. 

May 20— Fulton Lewis, Jr., tossed in a 
new charge, that two bars of uranium 
metal, taken from the Hanford pluto- 
nium plant by security officers in a 
security test, had not been missed by 
supervisors of the plant for 90 days, after 
which they were returned by the security 
men. Meanwhile the alleged second 
Communist among the 500 AEC fellow- 
ship holders was identified as I. S. Edel- 


man of Haivard Edelman was described 
by Shields Warren, director ol the AEC 
division ol biology and medicine, as a 
physician who had been denied clear- 
ance for seciet work, but against whom 
the evidence was inconclusive. He had 
been given a fellowship to cany out 
critically important non-secret medical 
research foi which he had “outstanding” 
qualifications. (Edelman later appeared 
before the Joint Committee and satisfied 
it that he was not a Communist.) 

May 21— The AEC modified its stand 
and agieed to bar Communists from fel- 
lowships. To implement its decision, the 
Commission adopted the requirement 
that future candidates for fellowships 
must take a loyalty oath and file non- 
Commumst affidavits. Concerning the re- 
moval of the uranium bars at Hanford, 
the Commission explained that this was 
one of a series of routine security checks 
and that it had resulted m the tightening 
of security procedures. 

'May 22— Hickenlooper, who had sup- 
ported Lilienthal during the battle over 
Ins original appointment to the Com- 
mission two years ago, called on Piesi- 
donl Tinman to oust the AEC chairman 
on grounds of “inaudible mismanage- 
ment.” The Iowa Senator asserted thcic 
was “perhaps even moic serious evidence 
of maladministration” than was involved 
in the U-235 and Icllowslup incidents. 

May 23— The Joint Committee de- 
cided to hire an outside consultant to 
investigate the loss of the U-235 at 
the Argonne Laboiatory and the Labo- 
ratory’s procedure for safeguarding 
valuable materials. O’Mahoney ’s appro- 
priations subcommittee extended its 
investigation of the AEC from the fel- 
lowship program to the missing U-235, 
the Haniord uranium bars and the ship- 
ment of isotopes abroad. Lilienthal con- 
ceded before the O’ Mahoney committee 
that the Commission had made a “sub- 
stantial error” m failing to notify the 
FBI sooner of the disappearance of the 
U-235 sample. On the same day AEC 
Commissioner Lewis L. Strauss disclosed 
that he had dissented from the Commis- 
sion’s decision to make isotopes available 
Lo research workers in foreign countries. 
Lilienthal and Kenneth S. Pitzer, AEC 
director of research, lephed that so far 
as scientists could determine there is 
little or no risk of their being useful for 
military purposes. 

May 25— Lilienthal asked the Joint 
Committee for a full investigation of 
Hickenlooper^ charges of “incredible 
mismanagement.” Such an inquiry, he 
said, would show that the AEC’s record 
“is a proud one.” Senator Harry P. Cain, 
Republican of Washington, proposed re- 
peal of the Atomic Energy Act and 




leturn of atomic eneigv to the National 
Militarv Establishment 

May 26 — Piesident Tiuman gave Lili- 
enthai and the AEC his unqualified sup- 
poit and tetmed the attack on them 
“pie-election campaign matenal.” He 
said. “I peisonally know the countiy’s 
position in atomic energy. We aie mak- 
ing good progiess . . I deplore the fact 
that relatively trivial items have been 
blown up to piopoitions that tin eaten 


the integrity ol the program. The plain 


fact is that the atomic energy piogram 
is m good shape— and m good hands . . 
I have entne confidence m Mr. Lihen- 
thal ” 


May 28 — Hickenloopei stated that he 
was ready to “produce proof* of Ins 
chaiges against Lilienthal, Scientists 
from seveial umveisities and laboia- 


tones, coming to Lilienthal’s defense 
said that the new fellowship tules foiced 
on the AEC would add to the Commis- 


sion’s difficulties m eairying on its many 
activities. W. A. Iiigmbotham ol the 
Brookhaven National Laboiatoiv said 


that moie than 100 qualified atomic sci- 
entists had alicady been excluded lrom 
the atomic eneigy piogram by clearance 
difficulties. 


May 29— Angrily demanding a show- 
down in a newspaper interview, Lilien- 
thal chaiged Hickenloopei with con- 
ducting a “smeai” campaign against the 
AEC, and with making a “calculated” 
attempt to aiouse feais of an “appioach- 
mg collapse” of the atomic bomb piogram 
with “vague, un-American” accusations. 

May 31 — The Joint Committee agreed 
to let Hickenlooper develop his charges 
m face-to-face hearings with Lilienthal. 
The O’Mahoney subcommittee wrote 
into the AEC’s 1949-50 appropnation 
bill a lequiiemenl for FBI investigation 
of all AEC fellowship applicants. 

June I— The Joint Committee’s fonnal 
inquiry opened befoie a quorum of 
newsmen, radio commentators, newsreel 
photographeis and television bioadcast- 
eis, Hickenlooper made three charges 
against the AEC 1) excessive turnover 
of peisonnel, 2) too frequent use of its 
power to give secunty cleaiance to em- 
ployees m emeigency cases belore full 
investigation by the FBI, 3) retention of 
two scientists on the AEC payroll by 
General Managei Carroll L. Wilson 
despite unfavorable repoits by the Com- 
mission’s security officei. Lilienthal re- 
plied that the AEC’s personnel turnover 
rate (50 per cent in two years) was no 
higher than in other Government agen- 
cies, and considerably lower than in 
private industry. He explained the large 
number of emergency personnel clear- 
ances by pointing out that several of the 
plants were near a breakdown when 
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These magnificent 7x50 prism binoculars were ; 
obtained through the Supreme Commander of the ' 
; Allied Powers. They have the brilliant luminosity, 

I precise clarity, and wide, undistorted field of 
view obtainable only with a good large glass. 
Because 7x50 glasses give the highest performance 
obtainable they are now the official choice of the 
Army, Navy and Marine Corps This is your oppor- 
tunity to purchase a brand new 7x50 AT i/ 3 OF 
THE USUAL. COST Lifetime construction. Light- 
weight aluminum body. (Individual eye focusing ) 
Ultra-precise optics, sealed against moisture and 
dust. Unsurpassed by any other binoculars, re- 
gardless of price. Richly finished case and straps 
Included. Sold with a guarantee of complete 
satisfaction or money refunded 
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the Commission took them over hom the 
Manhattan District, and woikmen had 
to he employed quickly toi repairs 

June 2— The Dottle that had held the 
missing U-235 was found m a dump lor 
radioactive waste at the Argonne Labo- 
latory. Hickenlooper charged that an 
Aigonne guaid with access to the safe 
in which the missing bottle had been 
stored had a police lecord, including a 
chaige of grand larceny. AEC Manager 
Wilson replied that the guaid had been 
employed by the Army befoie the AEC 
took over the project, when his record, 
which included no convictions, was dis- 
covered on a recheck by the Commis- 
sion, he was transfen eel to work not 
involving seciet materials. 

June 6— Hickenlooper charged that 
the AEC had kept on its payroll a scoie 
of employees against whom the FBI had 
found “derogatory information.” As his 
first case, he cited “Mr. A,” m charge of 
prepaiing AEC reports to Congress, who 
; had been suspended at one time because 
of an unfavorable FBI leport. Lilienthal 
pointed out that all of the employees 
listed by Hickenloopei, including “Mi. 
A,” had eventually been cleared by loy- 
alty boards. At least 10 of the cases, lie 
added, had oceuned while Hickenlooper 
was chairman of the Joint Committee, 
and the Committee had concurred m the 
loyally boaid findings. The AEC chair- 
man demanded that “Mr. A,” who ho 
said had been clearly identified by 
Hickenlooper although he was not 
named, be given an oppoitumty to de- 
fend liimscll before the Committee. The 
Committee then held a senes of closed 
sessions, extending over several days, to 
decide whether accused individuals 
should be discussed and heard at public 
hearings. 

June 7— Secretary of Defense Louis A 
Johnson issued a statement expressing 
satisfaction with the operations of the 
AEC and disclaiming any desire by the 
National Military Establishment to re- 
sume control of atomic energy. “The 
military establishment has not attempted, 
and will not attempt,” he said, “to take 
atomic energy away fiom civilian con- 
trol and turn it over to the military. We 
have had no desire to handle the matter. 
We have none now. We want none of 
it in the future.” 

June 3— Hickenlooper charged that a 
shipment of radioactive iron to Norway 
for metallurgical research violated the 
Atomic Energy Act. He said that the 
shipment was to be used for developing 
alloys for jet engines and lockets. (Nor- 
wegian officials promptly denied this.) 
Hickenlooper also argued that shipment 
of radioisotopes was contrary to a section 
of the Act which forbids the transfer of 
information to foreign countries on the 
use of atomic energy for industrial pur- 
poses. Chairman McMahon, who had 
sponsored the Act, disputed this inter- 
pretation. 

Juhe 9— Commissioner Strauss, testify- 


ing before the Committee, explained his 
disagieement with Lhe othei commis- 
sioners ovei the shipment ot isotopes He 
said he opposed the shipments because 
he thought isotopes might be useful to 
other nations foi metallurgical leseaich 
and “for the possible mutation ol agents 
for use m biological wailaie.” 

June IQ —' The Joint Committee de- 
cided, 9-to-8, to considei no more of 
Hickenloopei’ s loyalty cases m public 
Chan man McMahon explained in a let- 
tei to Hickenloopei: “You may conceiv- 
ably lake the position that the meie 
existence ot derogatory information on a 
paiticular individual is sufficient to dis- 
qualify him foi atomic eneigy employ- 
ment. But the law . . . pox nuts the Com- 
mission to exeicise discretion, to weigh 
favorable against unfavmable data. . 
The individual involved m Case A has 
alieady been sufficiently identified to 
cause him genuine embanassment. If 
discussion of othei cases had the same 
result ... the effect on the moiale of 
atomic energy employees might become 


seiious . . 


June 13—}. Robert Oppenheimer, 
chairman of the AEC Gcneial Advisoiy 
CommiLtec, an agency created by the 
Atomic Energy Act to watch the proj- 
ect and leport directly to the President, 
testified be! ore the Joint Committee that 
his gioup fully endorsed the “compe- 
tence and devotion to duty ol the Com- 
mission.” The Advisoiy Committee said: 
“Bettei weapons have been developed 
and tested, the production of matcuals 
has been substantially increased and as- 
sured, and a sound and foi ward-looking 
piogiam has been established.” Oppen- 
heimer ridiculed the suggestion that the 
export of isotopes endangered the secu- 
rity of the U.S. Pie added that the Ad- 
visoiy Committee believed that m its 
security precautions the Commission had 
been too conservative. Said Oppenheim- 
ei* “I think the Commission can go 
further towaicl making information pub- 
lic which is now secret.” 

June 1.5— Hickenlooper presented as 
evidence ol “mismanagement” the tact 
that a new plant at Hanford for proc- 
essing plutonium, ongmally estimated 
to cost $6,255,000, eventually cost $25,- 
219,000. Lilienthal, conceding that the 
costs had not been closely supervised by 
the AEC, said that the increase was due 
to revisions of plans and the great rush 
in which the plant was built, ft was con- 
sidei ed urgently needed to supply ma- 
terial for new typos of bombs tested at 
Eniwetok last year The plant, said 
Lilienthal, places the refining and fabri- 
cation of plutonium metal on a factory 
production basis, instead of the “bread- 
board” operation previously carried on 
at Los Alamos. 

Arthritis Remedies 

C ORTISONE and ACTH, two widely- 
hailed new remedies for rheumatoid. 
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aithritis, have excited great interest at 
lecent medical meetings. Cortisone also 
looks promising as a tieatment ioi ilieu- 
matic fever, and ACTII as a tieatment 
for epilepsy. Both aie difficult to manu- 
facture, however, and even if successful 
may not be available for general use for 
seveial years. 

Cortisone (originally named “com- 
pound E”) is an adienal coitical hor- 
mone, prepared from cattle bile by a 
difficult partial synthesis involving 37 
steps. ACTH (adienocorticotrophic hoi- 
mone) is a pituitary secietion which 
stimulates the adrenal cortex. It is ob- 
tained from dried hog pituitaiy gland 
by means of a low-yielding extraction 
piocess. 

In a test at the Mayo Clinic early this 
yeai, coitisone brought dramatic lelief 
to 16 patients with llieumatoid arthritis. 
Individuals who had entered the Clinic 
m wheel chairs were able to run within 
a few days. A Mayo clinic film showing 
their recoveiy caused much excitement 
at the recent International Congress on 
Rheumatic Diseases in New York Thiee 
rheum a tic- fever patients also “responded 
well” to cortisone tieatment. SimiLu 
lesults m aithutis weie obtained with 
ACTH in Boston at the Harvard Medical 
School, Peter Bent Rngham Hospital, 
Robert Brock Biigbam Hospital and the 
House of the Good Samaritan, The Bos- 
ton investigators also found that ACT11 
restoics normal brain-wave patterns m a 
way that suggests the hormone may be 
of value in epilepsy, which is mailed by 
extreme disturbance of brain-wave pat- 
terns. 

Cortisone appears to be the primary 
curative agent, while ACTH acts by 
stimulating secretion of the adienal cor- 
tical hoi m one. In both cases relief lasts 
only as long as the drug is used. 

Research leading to the trial of corti- 
sone m arthritic disease was begun by 
Philip S. Hench of the Mayo Clinic more 
than two decades ago. He had observed 
that patients experienced remissions of 
rheumatoid aithritis during pregnancy, 
attacks of jaundice and immediately 
after surgical operations. lie felt that this 
might be due to increased activity of the 
adrenal cortical gland, which is involved 
m responses to stiess (see page 44). 
Adrenal cortical stimulation may like- 
wise be responsible for the temporary 
lelief sometimes afforded to arthritis 
patients by injections of bee venom. 
Last year Merck and Company chem- 
ists succeeded in producing a small 
amount of cortisone for trial. ACTH 
came from the Armour Research Labora- 
tories. 


Most of the Revere Metals have utilita- 
rian end uses, going into such products as 
electric motors and switches, clock move- 
ments, automobile radiators and heaters, 
steam condensers, power plant bus bars, 
water tube, roofing and flashing, and 
similar important but unspectacular ap- 
plications There are other products, 
however, m which these fine metals serve 
the cause of beauty as well as utility 
Revere, you see, is an important sup- 
plier to manufacturers of jewelry and 
silverware. To such firms, our copper 
alloys offer many important advantages, 
including easy workability, perfect roll- 
ing and plating qualities, and a wide range 
of colors, permitting a good match, if 
desired, with the precious metals The 
strict quality require- 
ments of this branch 
of the Revere busi- 
ness make it one in 
which we take pride, 
even though gold an d 
silver hide our metals 
from the view of the 
ultimate consumer 

The most hand- 
some, elaborate and 
expensive item 
known to Revere in 
which its metals are 
used is a biscuit 
box, a reproduction 
of an antique Shef- 
field piece This has 
three interconnected 
hinged leaves, each with an inner pierced 
shell, also hinged. Opening one leaf 
opens them all to the same degree. Thus 
with one hand it may be closed tightly, 
opened part way, or all the way. Though 
intended as a biscuit box to grace aris- 
tocratic tables, it can also be used for 
flowers The box has over 100 parts, but 
is beautifully simple to use, and can be 
easily separated into its main sections for 
cleaning. The outside is heavily plated 
with silver, and inside with 24-karat gold. 

Revered share in the production of this 
expensive item (retailing at over $100 in 
the best shops) is confined to supplying 
the base metal, Revere’s Soft Rich Low 
Brass. This is ideally suited to the elabo- 


rate pressing, stamping, embossing and 
chasing methods required to produce the 
graceful shapes and intricate detail of 
ornamentation before plating To the 
skilled craftsmen who devote their genius 
to such beauty Revere gives full credit, 
and they give us equal credit for our 
metal which they find so suitable for 
them to work. 

From the point of view of volume it 
cannot be said that this luxurious biscuit 
box represents a big market for Revere. 
No matter how attractive and desirable, 
luxuries are not sold m quantity Yet 
Revere takes pleasure m supplying the 
fine metal required, and has collaborated 
closely with the maker m selecting the 
proper alloy and writing specifications for 
its gauge and tem- 
per. In other words, 
though the poundage 
involved is tiny com- 
pared with that re- 
quired for condenser 
tubes and plates, Re- 
vere has given this 
business close and 
thorough attention. 

It has been our ob- 
servation that such 
respect for the rela- 
tively small order is 
well - ni gh universal 
among suppliers, yet 
we often notice that 
manufacturers need- 
ing such quantities 
do not feel entitled to ask big companies 
for help; they go to distributors. This is 
indeed the proper thing for them to do. 
It is the function of distributors to ship 
smaller orders from their stocks. But it is 
also the duty of the distributor, and the 
privilege of his customers, to call upon 
the supplier for collaboration in such 
matters as material selection and speci- 
fication, and even fabrication methods 
if desired. So Revere suggests that no 
matter what you make, nor in how small 
quantities you buy, you avail yourself 
not merely of the distributors 7 stocks 
and knowledge, but also feel free to draw 
upon the knowledge and experience of 
the supplier. 

REVERE COPPER and BRASS INCORPORATE!) 

Founded by Paul Revere in 1801 



Meetings in August 

A MERICAN Institute of Electrical En- 
- gineers. Pacific general meeting. 
San Francisco. August 23-26. 

American Mathematical Society. Boul- 
der, Col. August 30-September 2. 
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THE 

ATOMIC ENERGY 
COMMISSION 


Under the baleful shadoiv of bomb politics, it is making 
halting progress toward the goal of constructive uses 
for atomic energy. A report on the vast AEC enterprise 


D ID the explosion at Alainogoido on 
July 16, 1945, maik the begin- 
ning oi an era— or the end ol one? 
Fom yeais of the “atomic age” have not 
diminished but enhanced the importance 
of this question. Bound up m it aie prac- 
tical problems and issues ol policy on 
which hang the stialegy and the future 
of science m the U.S, 

On the fourth anmveisary of the first 
atomic bomb, it is clearer than ever that, 
whatever the bomb’s effects upon war- 
fare and politics, in science it was the 
almost ii relevant culmination ol a chap- 
ter that began with Henri Becqueiel’s 
disco veiy ol radioactivity in 1896 and 
ended with the disco veiy oi uranium 
fission in 1939. The making of the bomb 
itself was an exciting denouement, but 
most of those who took part in it have 
now returned to the basic study of the 
still mysterious atomic nucleus— an in- 
quiry m which the fission of uranium no 
longer holds much piomise of enlighten- 
ment, nor indeed much interest, for 
physicists. The mushroom splendor of 
the “atomic age” has obscuied, and con- 
tinues to obscure, the meagerness of 
mans understanding of the forces of 
nature, and the conditions for further 
progress. Scientists are well aware, if the 
public is not, of the need for a return to 
fundamental woik In basic science the 
period of reorientation and retooling 
that followed the bomb is now about 
over, and a new chapter has begun. 
Yet in a political sense the bomb still 
dominates U S. science, posing for 
scientists and laymen alike some serious 
questions as to how and to what ends 
research shall be supported. 

These are inescapable impressions 
that an outside observer brings away 


by Leon Svirsky 

from a study and tour of the vast enter- 
prise conducted by the Atomic Energy 
Commission, the somewhat anomalous 
offspring of the atomic bomb. The AEC 
project is surely one ol the most impres- 
sive peiformances ever staged by man 
Chau man David E. Lilienthal has called 
it “the largest, most complex and most 
extensive scientific, educational, indus- 
trial, technical and weaponeermg under- 
taking m the history of the world”— 
which is a considerable mouthful but 
haid to deny. The AEC’s $800 million 
budget for the coming year places it m 
the top rank of America’s giant indus- 
tries. It owns some $3 billion worth of 
plant and real estate; maintains 1,270 
factories, laboi atones, offices and other 
installations reaching into nearly eveiy 
state, has hundreds of industrial con- 
tractors and suppliers; has educational 
arrangements with 58 universities and 
lesearch contracts with dozen of others, 
is suppoiting the major part of the basic 
work- m physics in the US.; and at its 
tlnee national laboratories— Oak Ridge, 
Argonne and Brookhaven— is building 
the most richly equipped physical and 
biological lesearch centers on earth. 

Yet the Atomic Energy Commission 
remains essentially an agency for making 
bombs, and its scientific facilities and 
expenditures are but paiasitic append- 
ages to that central purpose. At least 90 
per cent of its huge budget has been de- 
voted directly or indnectly to the devel- 
opment and pioduction of fissionable 
materials and weapons. And because its 
business is the world’s most zealously 
guarded secret, much of its far-flung 
support of scientific work is subject to 
such controls and restrictions as science 
has never before known. 


No one is moie unhappily awaie of 
the difficulties and dangeis of this situa- 
tion than Lilienthal and his fellow coni- 
missioneis. Piesiding over an enterprise 
which most citizens considei it unpatn- 
otic even to inquire about, and m which 
the loss of seven grams of uranium 235 
becomes front-page news and the sub- 
ject of a Congressional investigation, the 
AEC occupies a position beset with frus- 
trations. In its lelations with Congress- 
men, many of whom have adopted the 
working pimciple that the less heaid 
from or about the Atomic Energy Com- 
mission the better, the Commission has 
generally followed a policy of extreme 
caution— some think excessive caution. 
But in a quiet way Lilienthal and his 
colleagues have been seeking to reduce 
the isolation of their immense enterprise 
from the main cunents of American 
life— an isolation which has been a sub- 
stantial handicap to the AEC, to science, 
to technology, to industry and to the 
hopes for the use of atomic energy for 
peaceful pui poses 

Tlie Reactor Progiam 

Nothing lllustiates the Commission’s 
difficulties more cogently than the snail’s 
pace of its progress, m the two and a half 
yeais since it took over from the Manhat- 
tan District, toward the development of 
uranium as a fuel foi useful powei. This 
part of its task, known as the “reactor” 
progiam, has been virtually at a stand- 
still. Partly this is due to the Commis- 
sion’s unavoidable pieoccupation during 
its first two years with the job of shoring 
up the production of fissionable materials 
by die repaii* and expansion of die de- 
teriorating, war-built plants; pardy it is 
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due to the foimidable natuie of- the le- 
aetor problem itself, partly to disagi ce- 
ments within the AEG as to the best way 
to begin, partly to rivalry between the 
Air Force and the Navy for priority on 
its first nuclear power plant— but funda- 
mentally the delay has been due to the 
lack of public mfoimation or any real 
public pressure foi the power piogram. 
The Commission’s indecisions have now 
been resolved, aild Lilienthal believes 
that “we have begun to get traction and 
from heie on can expect a good deal 
more movement” m the experimental 
phases of the reactor project. But it has 
become clear that the development of an 
economically practical nuclear power 
plant will be accomplished, if it can be 
accomplished at all, only by an expen- 
diture of brains and money at least as 
gieat as that required for the original 
development of the atomic bomb. 

What is so difficult about it? If the 
energy m the uranium nucleus can be 
harnessed in a bomb or in a chain-react- 
ing pile— “a bomb in slow motion,” as 
Lilienthal describes it— why should there 
be any great problem about applying this 
powei to run an engine? The answer 
requires a review of some of the funda- 
mentals of the uranium chain reaction, 
and serves as a good starting point for 
a description of the A EC’s tremendous 
operation. 

Fission 

The entiie atomic energy entei prise 
rests ultimately on one basic reaction— 
the splitting of uranium 235, one of the 
lighter isotopes of the heavy element 
uranium, as the result of its capture of a 
neutron. Actually it is not U-235 itself 
that splits but an extremely short-lived 
daughter, U-236, formed when the neu- 
tron is added to the parent. U-236 is so 
unstable that it cracks almost instantly, 
within millionths of a second, into two 
nearly equal parts, recognizable as 
lighter elements in the middle of the 
periodic table. These product elements 
are not always the same; some 40 to 45 
different species of atoms have been 
identified as fission products. The com- 
bined weight of the two atoms into 
which the uranium atom splits is less 
than that of the parent; the lost mass of 
the annihilated matter is converted mto 
energy, mainly in the form of gamma 
rays and the kinetic energy of the flying 
fragments. And the fission products 
themselves are highly unstable, Le. s ra- 
dioactive, giving off particles and energy 
until they decay into stable forms. The 
energy released by the fission of a single 
; uranium atom is 200 million electron 
volts, For the purposes of, a chain reac- 
tion, however, the most important prod- 
uct of the fission process is tjhe release of 
free neutrons for die- production of fur- 
ther fissions, 1 « 

Uranium fission is not a man-made 


phenomenon, it can occur m natiue. 
U-235, though a laie species, is present 
m all natural uranium in the proportion 
of one pait to 139 paits of the common 
isotope U-238 Occasionally a U-235 
atom in uiamum-bearmg locks may cap- 
tuie a stray neutron It fissions, releasing 
energy and new neutrons. But the proba- 
bility that these neutrons will be cap- 
tui ed by other U-235 atoms and produce 
fui the i fissions is so small as to he prac- 
tically nonexistent. And the leasons foi 
this aie at the hcait of all the problems 
and difficulties m developing a practical 
power le actor 

Capture of Neutrons 

The first leason is that neutrons aie 
exceedingly eligible for captuie by near- 
ly all kinds of matter. Most elements, 
especially the heavier ones, have a stiong 
affinity for neutrons and gi eedily absorb 
them. In the rocks any neutrons pro- 
duced by an accidental fission have an 
almost infinitely greater chance of being 
absorbed by the abundant other mate- 
rials present than by another rare U-235 
atom. Consequently the first step in 
building a chain-reacting pile, or reactor, 
is to refine natuial uranium, removing all 
the impurities that would absorb neu- 
trons piofitlcssly. A chain reaction can 
be maintained in a pile of uranium oxide, 
because oxygen is a poor absorber of 
neutrons, but in that case also the com- 
pound must be exceedingly pure. 

The second problem is that, in ura- 
nium itself, fissionable U-235 is at a dou- 
ble disadvantage m its competition for 
neutrons with U-238. Not only are the 
U-238 atoms much moxe abundant but 
they mteicept neutrons at a more likely 
speed. When neutrons are released by a 
fission, they are traveling at very high 
velocity. At this high speed no type of 
atom has a high probability of capturing 
them. U-238 absorbs neutrons ol inter- 
mediate speeds; there is a certain reso- 
nance velocity at which it gobbles them 
up. U-235, on the other hand, is partial 
to slow neutrons; it captures them most 
readily when they move at so-called 
thermal velocities, that is, the normal rate 
of vibration of the atoms in a solid. Ob- 
viously the neutrons are likely to be ab- 
sorbed by U-238 at intermediate speeds 
before they can slow clown to the ther- 
mal speed favored by the rate fissionable 
atoms. One way to get around the diffi- 
culty, of course, is to get rid of the U-238 
and use almost pure U-235, as in the 
bomb, U-235 can capture fast neutrons 
(though with a lower probability), and 
if there is little U-238 present to take 
them out of circulation, the chain reac- 
tion can proceed. But the separation of 
, U-235 is costly; practical economics de- 
mands that a reactor operate, if possible, 
on natural uranium. A chain reaction can 
be established in natural uranium by 
slowing down the fast neutrons quickly 


so tl tat as many as possible will anive at 
the tlieimal speed favored bv U-235 be- 
fore they can be absorbed by U-238. 
Tins is the function ol the moderator m 
a icactoi. Its job is to brake the neutrons 
from millions of electron volts (the physi- 
cist's measure ol neutron speed) to less 
than three hundredths of an electron volt 
wi th in a foot or two 

The material used as moderator (1) 
must not absorb mentions and (2) must 
be light in mass. The neutrons are slowed 
by a seiies ol collisions with the nuclei of 
the atoms in the modeiator. The reason 
why these atoms must be light can be 
lllustialed by comparing the particles to 
billiard balls. A billiard ball that hits a 
much more massive object than itself 
(eg., a large iron ball) rebounds with 
little loss of speed, it is slowed most 
when it collides with a body of about its 
own size, such as another billiard ball. 
In a reactor die nuclei of light atoms aie 
effective m slowing neutrons because 
they are comparatively close to the 
weight of a neutron, which has about 
the mass oi a hydrogen atom 

The materials that come closest to ful- 
filling the specifications for an ideal mod- 
erator are pure ecu bon (graphite), the 
light metal beryllium, and heavy water— 
ordinal y water will not do because com- 
mon hydrogen is an avid neutron-ab- 
soibei, whereas the heavy hydrogen iso- 
tope ( LF ) m heavy water, which already 
has a neutron, is not. 

In the actual construction of a reactor, 
thin rods of puie natural uianium per- 
haps an inch in diameter, encased m 
aluminum (a weak absorber of neu- 
trons) to pi event oxidation, are inserted 
into blocks of graphite. Most of the fast 
neutrons produced by fissions in such a 
uianium rod escape horn the rod into the 
graphite, and by the time they have 
tiaveised this buffer to their next en- 
counter with uranium they are at the 
theimal speeds that favor their selective 
captuie by U-235, This is the pile type 
of reactor, so-called because it is a block 
built up as a lattice ol uranium and 
graphite. While the name “pile” has 
commonly been used for all types of 
chain-reacting systems except bombs, 
“leaclor” is now prefen ed as a more 
inclusive term, covering the newer types. 
A reactor using heavy water as modera- 
tor, for example, is not strictly a pile but 
an assembly in which rods of uranium 
are immersed in a tank of heavy water. 
The third basic factor that bars a 
chain reaction in nature and controls the 
design of a reactor is the escape of neu- 
trons from the system itself. To retain 

SCOPE OF AEC is shown in map 
and organization chart at right. Map 
indicates location of major labora- 
tories and other installations* with 
affiliated universities. All are oper- 
ated by contractors. AEC plants and 
suppliers are in 41 of the 48 states. 














ARGONNE NATIONAL LABORATORY, 30 miles 
from Chicago, is one of AE(Ts three general research cen- 


ters. Shown here are temporal y Quonset structures. Per- 
manent buildings arc near completion at a ncaiby site. 


enough neutions to keep the leaction 
going, the reactoi must be built to a cer- 
tain minimum size, so that the volume m 
which the neutions aie held is large in 
proportion to the suiface horn which 
they may escape. Obviously the neces- 
sary size depends on the shape of the 
system A spheie, having the smallest 
surface aiea for its volume, is the most 
efficient shape and peimits the smallest 
critical size A cube is nearly as good. 
The minimum size also is governed by 
several other considerations— the degree 
of enrichment of the uranium with U- 
235, the kind and amount of moderator, 
the amount of other materials inserted 
into the leactor, and so on, The critical 
size of a reactoi consisting ol almost 
pure U-235, such as the bomb, may be 
very small, perhaps the size of a sol t- 
ball, on the othei hand some of the low- 
eneigy leactors are bqlky— of the order 
of 40 feet m diameter including their 
seven-foot-thick concrete shielding. Thus 
size itself is no measure of the powei of 
a reactor. 

In an atomic bomb the escape of neu- 
trons piesents a special problem, for the 
neutrons and exploding atoms must be 
held together long enough for the chain 
reaction to get well under way before 
the whole system blows apart. This is 
accomplished by enclosing the bomb m 
a casing of very dense material that re- 
tards the bomb burst and reflects some 
neutrons back into the system, This sug- 
gests one of the obvious avenues for re- 
search in the future development of 
power reactors the finding of more 
effective reflectors of neutrons. The in- 
vention of a suitable reflecting material 
that would hold most of the neutrons 
withm the working part of a reactor 
would not only reduce the critical size 
of the reactor but would greatly decrease 
the shielding now required to protect 
personnel against escaping neutrons. 
Thus it would enhance the possibility 
of building compact nuclear engines for 
ships, planes and vehicles, 

Control 

The simple principles thus far de- 
scribed are the basis for the design and 


operation of all picsent icactors. In oper- 
ation the pile type of leactoi is con- 
trolled simply by inserting bais of a 
matenal, usually cadmium, that readily 
absoibs neutions. By taking neutions out 
of circulation, they can bring the chain 
reaction into equilibrium oi stop it en- 
tirely The bais slide into pockets m the 
interim of the reactor. Then insertion 
and withdrawal is opeiated by opposing 
motois, so that very delicate control— 
to withm a tenth of one pci cent oi the 
reactor’s flux— is possible. A reactor is so 
sensitive that if it is not airtight even a 
slight rise m the humidity ol the air, re- 
sulting in the presence of more neulion- 
absoibing hydrogen atoms, affects its 
operation. 

To start the reactor, all the bars are 
withdrawn. The chain icaction develops 
rapidly; its control would be extremely 
difficult but for the fortunate fact that 
some of the neutrons released by fis- 
sion— about one pei cent— are delayed m 
emission fiom a few seconds to a minute. 
This gives the system enough inertia so 
that the opeiator, working with dials 
that operate the motors, has ample time 
to bring the conti ols into play as the 
reactor heats up. One bar suffices to 
regulate the level of the chain reaction. 
When the reaction reaches the desired 
level, the opeiator stabilizes it by insert- 
ing the bar to a length that soaks up 
enough neutions so that from each fission 
one and only one neutron is captuied by 
another U-235 atom to continue the re- 
action. The power level of the reactor is 
determined by the numbei of atoms 
fissioning at any moment at that equi- 
librium stage Reactor technicians desig- 
nate this rate of operation as the “neutron 
flux,” meaning the number of neutions 
passing through a given section of the 
pile per second. There are several ways 
of recouping the pile's level. The simplest 
and most commonly used is measure- 
ment of its temperature. A pile also con- 
tains ionization chambers that indicate 
the neution flux. Since such a chamber 
cannot detect the uncharged neutrons 
directly, it uses indirect methods; in one 
instrument the neutrons knock alpha 
particles out of the chamber's boron lin- 
ing and these particles ionize argon gas 


m the chamber In most leactors the 
ionization chambeis, as a safety measuie, 
control extia tods winch would diop 
automatically into the pile if the human 
operators failed and the reactoi lose to 
a dangerous level. A pile could not pos- 
sibly approach the eneigy of a bomb; 
at worst, if all controls failed and the 
reactoi blew up, it would simulate a 
lathei bad steam-boilei explosion. 

Plutonium and U-233 

If U-235 were the only fissionable 
material, theie would be no hope for 
m anium powei plants except as an ex- 
perimental cmiosity, the isotope is too 
larc to be seriously considered as a fuel 
for economical, large-scale use. The 
hopes foi nuclear power lie in the fact 
that it is possible to manufacture two 
othei fissionable materials 1 ) pluto- 
nium, derived from U-23S, and 2) 
U-233, a synthetic uranium isotope de- 
rived from the heavy natural element 
thorium. 

Plutonium is produced by this senes 
of reactions A U-238 atom, upon ab- 
sorbing a neulion in a reactor, becomes 
U-239. This shoit-lived isotope (half- 
life- 23 minutes) promptly emits a beta 
particle (election) hom its nucleus, 
gains an electron in its outer shell, and 
is trans loimed to the artificial clement 
neptunium 239. Neptunium also is un- 
stable (half-life. 2 3 days) and it m turn 
expels a beta particle, plus gamma rays, 
and becomes plutonium 239. Plutonium 
is fissionable m the same way as U-235, 
when it captiues a neutron it splits in 
two with a vast yield of energy, possibly 
greatei than that fiom the fission of 
U-235. 

The thorium chain is this. Thonum 
232 absorbs a neutron and becomes the 
shoit-lived isotope thorium 233 (half- 
life: 23 minutes), which emits a beta 
particle and is tiansmuted to protoac- 
tinium 233 (half-life: 27 days), which 
in turn loses another beta paiticle and 
becomes uranium 233. U-233, like U-235 
and plutonium, fissions by capture of a 
neutron. To start this series of reactions, 
thorium would have to be mixed in a 
pile with U-235 as the source of neu- 
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LOS ALAMOS SCIENTIFIC LABORATORY concen- basic physics. Situated on an isolated mesa in New Mex- 
trates on weapons research but also docs some work in ieo, it is the most secret of all the AEC installations. 


tions. Thus the manulactuie ot both 
plutonium and U-233 depends basically 
upon U-235 as the spaik plug. But the 
gieat piomise of these reactions is that 
they add compaiatively abundant U-238 
and thoiium to U-235 as potential fuels, 
and the fissionable materials made from 
them, once formed, become additional 
sources of neutions. 

As we have seen, a icactoi using natu- 
ral uianium is deliberately designed to 
make most ol the neutrons by-pass ab- 
soiption by U-238 m oidei lo maintain 
the chain leaelion. But some neutions 
inevitably aie absorbed by some U-238 
atoms, and there is always at least a small 
sui plus of neutrons that makes this pos- 
sible without stopping the chain Thus 
even in a leactor running at a veiy low 
power level a little plutonium is created 
m the uranium rods. To increase the pro- 
duction of plutonium, the powei level 
must be nused: obviously the gieatei 
the number of fissioning atoms, the more 
plutonium will be made. This is the basis 
of opeiation of the plutomum-pioducing 
piles at Hanford. They are built of pure 
natural mamura and graphite, like other 
thermal leactors, but urn at considerably 
higher power levels. Periodically the 
uianium lods are removed and the plu- 
tonium m them is extracted by chemical 
methods. 

Types 

The Atomic Energy Commission now 
has eight known reactors of various types 
(besides its bombs). The oldest, origi- 
nally built behind the University of 
Chicago stadium but later transplanted 
tor use m leseaich to the Aigonne Na- 
tional Laboratory 30 miles from Chicago, 
is a low-energy pile of uranium, ui anium 
oxide and graphite. Its maximum power 
is 200 watts. Because it has no cooling 
system, its tempeiature is never allowed 
to rise above 50 degrees Centigrade. 
The next oldest reactor is the slow- 
neutron pile at Oak Ridge, used for re- 
search and the production of radioactive 
isotopes. It has a power capacity of 
about 2,000 kilowatts and can go from 
room temperature to 600 degrees Centi- 
grade in a few seconds, although it is 


never operated at that hot level Its 
gi eater power is made possible by an 
internal an -cooling system The thiee 
plutonium piles at Hanfoi d, whose power 
level has not been disclosed but is cer- 
tainly no less than 5,000 kilowatts, are 
water-cooled— an inefficient method be- 
cause the circulating watei in the piles 
absoibs many neutrons, but the most 
piactical one available to remove the 
large quantities of heat. The Hanford 
piles, like those at Argonne and Oak 
Ridge, aie lattices of natural uranium 
and graphite and use slow neutrons. 

The Commission’s three other piesent 
reactors aie expenmental One is a 
heavy-water affan at Argonne. Another 
is ihe so-called “watei boiler” at Los 
Alamos. This small reactoi contains a 
solution of an enriched uranium salt, 
piesumably in heavy water, m a vessel 
made of neutron-i effecting matenal. It 
is a “homogeneous” reactoi, that is, the 
fissionable material is mixed with the 
moderator and distributed uniformly 
throughout it. It may be controlled, like 
othei leactois, by the insqition of neu- 
tron-absorbeis (Some reactoi s aie con- 
trolled simply by moving pieces of re- 
flector or moderator.) The third experi- 
mental leactor, also at Los Alamos, is 
lueled by plutonium, with no moderator. 
Thus it operates on fast neutrons, and ap- 
pioaches the conditions m a bomb— its 
leacting section is only a foot or two in 
diameter. Its chain reaction is kept under 
control, however, at a very low power 
level. Foi leasons that will be considered 
presently, research with this fast reactor 
has provided some of the most valuable 
leads thus far toward the design of a 
power reactoi . 

The Power Conundrum 

By now the dimensions of the power 
problem begin to become apparent. It is 
easy enough to calculate that one j>ound 
of fissionable fuel contains 10 million 
kilowatt-hours of energy and is the 
equivalent of 2.6 million pounds of coal. 
It is even no great feat to design the 
outline of a fission power plant: One 
simply constructs a hot reactor enclosed 
by a reflector and shield, pipes a coolant 


(cooling fluid oi gas) through it to ex- 
tract the heat, and transfers the heat to 
a boilei and steam turbine or a gas tur- 
bine. But there are certain difficulties 
about details. 

For instance, the leactor must be 
raised to temperatures far above any yet 
attempted under control. Even the “hot” 
piles at Hanford operate well below the 
boiling point of water. By attaching 
the necessary lieat-exchanging equip- 
ment to one of these reactors and allow- 
ing it to go to a high level, power might 
be generated to light an electric-light 
bulb or perform a slightly more burden- 
some task. But it would be the labor of 
a mountain to produce a mouse. And it 
would ruin the pile. 

The paradox of the vast energy in 
uranium is that its very concentration 
constitutes one of the prime problems in 
extracting powei efficiently fiom it. Its 
power potential is fantastic; m a bomb 
the temperature produced is measured 
m millions of degiees, But pound for 
pound uranium is the most expensive of 
all possible fuels, and its use is pro- 
hibitive unless a way is found to apply 
an appreciable part of the power it is 
capable of producing in a small space. 
This raises a number of serious diffi- 
culties. One is the heat question. Ob- 
viously, to approach any leasonable 
efficiency in the exti action of nucleai 
energy means going to very high tem- 
peratures. But the vulnerability of mate- 
nals to heat imposes a relatively low 
limit on practical operation. The most 
resistant known matenals will tolerate 
no more than 2,000 degrees Fahrenheit 
Reactor designers must consider the 
effects of heat on all the reactor ingre- 
dients— pipes, coolant, model ator, con- 
trols, reflectors, the fuel itself. Even 
more troublesome than the heat problem 
is the fact that the high neutron flux 
that develops in a hot reactor also is de- 
structive to materials, especially metals. 
And materials that may tolerate high 
temperatures do not withstand particle 
radiations. All these lessons were ex- 
pensively learned in the experience with 
the Hanford piles, which approached a 
breakdown after the war. 

Still another materials problem is that 



introduced by contamination of the re- 
actor with the pipes and coolant neces- 
saiy to extract its heat. They diveit 
neutrons from the chain leaction Even 
if materials that absorb few neutions aie 
found for these purposes, at best they 
will impan the reactoTs delicately bal- 
anced neutron economy. 

Thus the materials question injects a 
whole galaxy of new problems into 
power-i eactoi construction The answeis 
will require not only engineering studies 
but new fundamental knowledge in 
physics and chemistry. Kenneth S. 
Pitzer, director of the AEC’s Division 
of Research, observed: “We need entirely 
unprecedented materials, not merely 
improvements of those already known.” 

Yet materials constitute but one of 
many hurdles that must be eleaiecl to 
make a power reactoi economically 
feasible. Just as important is the con- 
servation of the costly uranium fuel. A 
reactor run at a high level quickly be- 
comes poisoned by its own fission prod- 
ucts. They absoib neutions. Moreover, 
in a natuial uranium pile operated for 
power the proportion of U-235 would 
soon drop to a level where it could not 
maintain a profitable chain leaction in 
the contaminated fuel. The poisoned 
and diluted uranium probably would 
have to be removed after but a small 
part, perhaps oile per cent, of its fis- 
sionable atoms bad been used. Should 
the uranium be reprocessed by chemical 
removal of the fission products and re- 
turned to the pile? That would be a 
costly process, because the chemical 
treatment of the highly radioactive ma- 
terial must be canied on by remote con- 
trol. Should the reactor be emiehed with 
booster portions of fissionable material? 
Should it be operated on slow neutrons, 
intermediate neutrons (less moderator) 
or fast neutions (no moderator)? These 
are the principal questions that the Com- 
mission is now about to investigate. 

Breeding 

The answers to most of them may be 
provided by tests of an idea on winch 
AEC is staking most of its hopes— a 
breeder” reactor that would produce 
new fissionable atoms as fast as it used 
the old ones up. This is still only a the- 
oretical concept, but hopes are encour- 
aged by preliminary studies of the idea 
in the fast reactor at Los Alamos. The 
theory rests on the fact that when a 
U-235 atom fissions, at least two neu- 
trons are produced. The precise number 
is a secret, but the AEC has stated that 
the average is between two and three; 
the possibility is not excluded that it is 
more than three. Suppose that a reactor 
could be built so efficiently that from 
every fission two neutrons were available 
for useful capture. One would be taken 
by a U-235 atom and produce a fission 
and energy. The other would be ab- 



sorbed by a U-238 atom and produce an 
atom of fissionable plutonium. Thus the 
leactor, while producing eneigy foi 
powei, would constantly replenish the 
supply oi fuel and souice of neutrons. If 
moie than two usable neutions could be 
realized from each fission, the reactoi 
would actually produce moie fissionable 
material than it consumed. The AEC has 
aptly named the idea “Operation Boot- 
strap.” 

In such a reactoi a blanket of natural 
uranium around the fissioning material 
would absoib the excess neutrons and be 
converted into fuel. By recovering the 
fissionable plutonium so manufactured 
and adding natuial uranium to the re- 
actor from time to time, it would be 
possible to keep the reactor going in- 
definitely. And thorium would serve as 
well as uranium, for the original capital 
investment of fissionable U-235 or pluto- 
nium could be used to conveit thorium 
into U-233, which in turn could continue 
the transformation of thorium into fuel. 

The AEC’s General Advisory Com- 
mittee of scientists has reported, how- 
ever, that “the engineering difficulties 
associated with breeding aie enormous ” 
To achieve the goal ol two usable neu- 
trons per fission would lequiie reducing 
neutron losses m and from the roacloi 
Lo an extiemely low level. On die other 
hand, the requirements for a powei 
reactor-high operating level, coolant 
system, and so on— tend to inciease the 
loss of neutrons. Moieover, the chemical 
recovery of the new fuel bred in the 
uranium or tlioi mm blanket would be no 
small job. The radioactive metals must 
be treated behind heavy shielding by 
remote control; recovery of the fission- 
able material must be virtually complete 
at each stage to maintain the level of 
original capital in the pile; and the 
treatment must be lepeated many times 
until the fuel is completely consumed. 
There is also die problem of the removal 
of fission products from the power- 
producing part of the pile. And finally 
there is the question of managing die 
neutrons so that half are captuied by 
fissionable atoms and half by U-238 or 
thorium atoms. 

All these manifold problems help to 
account for the AEC’s long hesitation 
about undertaking a specific project. A 
reactor is expensive to build: about $25 
million in round figuies. In the absence 
of an emergency such as justified the 
bomb, or of public awareness or concern 
about the problem, the Commission has 
been slow to decide on costly, uncertain 
experiments. In a field still characterized 
by few facts and many theories, the 
scientists, engineers, military men, con- 
tractors and administrators within the 
AEC have had sharp differences over 
plans and proposals, with the result that 
some of the ablest reactor investigators 
have resigned from the project. Early 
this year die Commission determined to 


make a beginning, however modest m 
aim. To bead the leactor piogram it en- 
listed Lawrence R Hafstad, a Carnegie 
Institution nuclear physicist who worked 
on the proximity fuse at Johns Hopkins 
University during the wai and came to 
the AEC from the militaiy Research and 
Development Boaid It allotted $120 
million to the reactor program and de- 
cided to go ahead with the construction 
of lour power leactois. None of the four 
pi onuses to produce economical powei, 
the hope m these experimental models 
is simply to show that usable power can 
be achieved and to learn how to go on 
from there. Two or three ol the reactois 
will be built m a huge, isolated testing 
area of 400,000 acres just acquired by 
the AEC near Pocatello, Idaho. The 
fourth will be constructed by the Gen- 
eral Electiic Company as contractor at 
West Milton, near Schenectady, N. Y. 
The research center for the whole AEC 
leactor prognun is at the Argonne Na- 
tional Laboratory, operated by the Uni- 
versity of Chicago. 

s 

The Four Piojecls 

The fiist project is a materials test- 
ing reactor to be built by Argonne in 
Idaho. Its pm pose will be to investigate 
the reactions of a great variety ol pos- 
sible reactor materials to an intense 
neutron flux, iai higher than that m the 
Iianioid piles. To i educe the problem to 
llie single vaiiable ol ladiation eflects, 
this reactor will not test the effects of 
heat, it will be cooled to moderate tem- 
peratures by lapidly circulating water. 
It will use enriched fuel, providing a 
surplus of neutions so a great deal of 
test material may be loaded m its pockets 
without stopping the chain reaction. It 
may also be the first leactor to use 
beryllium as a moderator— an important 
point to investigate because graphite and 
heavy water appeal unsuitable as mod- 
erators m a high-power reactor. The 
materials reactoi is expected to be com- 
pleted by 1952. 

The second reactor is military: a 

REACTOR PRINCIPLES are illus- 
trated in these schematic diagrams. 
Basic pile type of reactor (1) is a 
lattice of uranium slugs, shown in 
red, and graphite blocks, with cad- 
mium or boron control rods and cir- 
culating water or air as coolant to 
prevent overheating. Proposed breed- 
er reactor (2) would have a blanket 
of natural uranium or thorium 
blocks, shown in pink, which woxxld 
be converted to fuel. “Homogeneous” 
reactor (8) has uranium salt and 
moderator mixed together in solu- 
tion. Proposed power reactor (4) 
will circulate liquid metal coolant 
through hot pile and then to heat 
exchanger, there heating steam to 
run turbine and produce electricity. 
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NEUTRON DIFFRACTION technique, developed by AEC workers, is illus- 
trated by these striking Latxe photographs of crystals. Above is picture of 
quartz structure. The method provides a new tool for study of molecules. 



COMMON SALT CRYSTAL (NaCl) made this photograph. Because neu- 
trons are scattered only by the nucleus of an atom, they can show the molec- 
ular position of a light atom (e.g., hydrogen) undetectable by X-rays. 


nuclear motor for the Navy, to be de- 
signed by the Argorme Laboratory and 
built in Idaho by the Westmghouse 
Elcctnc Corporation. Using enriched 
uranium as fuel, it will operate at some 
60,000 kilowatts and at a high tempera- 
ture, possibly 2,000 degrees F. The plant 
is to be a prototype for a ship’s engine. 
Its design is still in eaily stages, but theie 
has already been considerable discussion 
o{ its possibilties Its most likely use 
would be m a submaime. A single charge 
of nucleai fuel could propel a ship for 
tens of thousands of miles. Since the 
motoi would need no oxygen, a sub- 
marine could ciuise under water for 
months The great weight of batteries 
in a conventionally powered submanne 
would be eliminated, and it has been 
suggested that the sea water normally 
carried in its ballast tanks could seive 
as part of the necessaiy shielding for 
the radioactive motoi. This reactor will 
cost some $30 million. The Commission’s 
decision to undeitake a leactor foi the 
Navy lather than one for a bombing 
plane as its first military pioject was dic- 
tated by the inescapable logic of the 
pioblem— bcloie one can build a nuclear 
motor light enough to be earned in a 
plane, it is necessaiy lo find out whether 
a workable motor can be built at all. 

Even if it succeeds, however, the 
naval reactor at best will be a forced 
plant, possibly justified by military needs 
but fantastically uneconomic for any 
other pui pose. The piospects loi prac- 
tical powei will depend mainly on the 
Commissions two other leactor projects, 
both of which will test the bieedmg 
principle. 

The fust of these is a fast leactor, 
using cmiched uranium fuel and no 
moderator. Such a reactor offers the best 
possibilities for breeding because it 
promises the smallest neutron losses 
within the system. It will use a new type 
of coolant for the transfer of its heat. 
Water obviously is out of the question, 
not only because it absoibs neutrons but 
also because m a high-temperaluie le- 
actor it would become high-pressure 
steam. That would demand thick pipes, 
resulting in greater loss of neutrons, and 
would compound the conosion problem. 
The most promising coolant appears to 
be a liquid metal— one that liquefies at 
a relatively low tempeiature and absorbs 
few neutrons. These specifications are 
met by sodium, bismuth or lead. The 
metal, after being heated in the reactor, 
will flow thiough coils m a water boiler, 
beating steam which will be used to pio- 
duce electricity. Since little or no radio- 
activity will be transferred lrom the 
metal to the water, the steam turbine will 
need no shielding. 

A fast reactor, however, has an im- 
portant defect as a power source; it 
yields its energy in too small a space. 
Comparatively little pipe surface could 
be packed into it for the transfer of its 


heat to the coolant. An attempt to le- 
move this difficulty will be made m the 
fourth leactor, to be built by the Gen- 
eial Elect! ic Company. It will be an 
mteimediate leactoi, using little mod- 
el atoi and neutrons of mteimediate 
speed. It will be considerably laigei 
than the fast bieedei, and will opciate 
at a lowei temper atm e, m the range of 
400 to 1,000 degiees F This reactoi will 
cost about $18 million and may be com- 
pleted in 1952. Most of the Commission's 
hopes for demonstrating the practicality 
of atomic powei aie lidmg on this 
pioject. But it is a fundamentally new 
experiment, no reactoi has yet been 
built to operate m the mteimediatc- 
eneigy range While neutions of intei - 
mediate speed favoi the bleeding ot 
fissionable matciia], they aie unfavor- 
able to fission and a chain reaction, the 
pioblem will be to design the leactor 
so that the fuel can capture enough 
neutions to maintain the chain. It will 
use enriched fuel. 

How Much Fuel? 

Is theie enough available uranium m 
the world to make the stiuggle to de- 
velop its power potentialities worth 
while? Investigations indicate that the 
answci is cleaily yes. J1 breeding works, 
all of the fairly abundant U-238 and 
thoiium that can be ex ti acted from the 
earth can be convoitod into fissionable 
fuel The known deposits of maiuum oies 
of commercial grade (at least one pei 
cent uranium) contain an estimated 100 
million pounds of uranium— m terms of 
contained energy that would be enough 
to supply the entire power needs of the 
world for at least 50 yeais at the pres- 
ent late ot power consumption from 
all sources In addition, the earth con- 
tains an equal amount oi available 
thorium. Uranium and thorium together 
represent a potential wealth ot power 
greater than the world lesouices of 
petroleum. If methods weie found for 
using low-grade ores, they might even 
exceed the powei potential of the earth’s 
coal. 

In view of the multitude of unsolved 
problems that stand m the path to 
nuclear power, attempts to foiecast 
whether uranium will compete as a fuel 
with coal obviously can be little more 
than guessing games. Early post-bomb 
estimates by engineers calculated the 
cost of nuclear power at from 4 to 10 
mills per kilowatt-hour, which would 
place uranium almost on a par with coal 
and give it an advantage m areas re- 
mote from coal sources. But these com- 
putations admittedly were based on ex- 
tremely meager data. There are persons 
close to the atomic energy program who 
believe that at best the power project 
will be an interesting and costly experi- 
ment, possibly demonstrating that power 
reactors may be usable for certain special 


pm poses, but unlikely to prove that 
uranium is feasible as a common source 
ot eneigy. Among those who hold this 
view is J Robeit Oppenheimer, the wai- 
time dnector of the Los Alamos group 
that pioduced the bomb, and now the 
chan man of the AEC’s General Advisory 
Committee. 

Yet to dismiss the possibility of the 
constrictive use of atomic power at this 
stage would be as pointless as it would 
have been a century ago to dismiss 
Michael Faraday’s discovery of the in- 
duction of electric cunents. The one 
ceitamty m science is that it is unpre- 
dictable, and the solution of the atomic 
power problem may well lie along roads 
still unseen The discovexy, for example, 
oi huge-scale uses for the tioublesome 
mdioactive fission pioducts would go a 
long way toward reducing the power 
cost; properly safeguarded, they might 
perhaps be used for energy, foi kill- 
ing bacteiia, as industrial tiaceis, and 
so on. Some investigators envision a 
homogeneous leactor, on the principle 
of the “water boilei” at Los Alamos, 
that would pioduce power, manufactuie 
fissionable material, leprocess the fuel 
and lemove wastes— all m one continu- 
ous circulating system. Some even dream 
oi short-cutting most of the problems by 
finding a way somehow to convert the 
nucleai ladiations in a leactor directly 
mto electncity instead of heat. 

At all events, no one m the AEC 
doubts that the U.S. should push the 
furlhei exploration of atomic energy 
with all possible speed, if for no other 
reason than that other nations aie doing 
so The Butish, who have a 6,000-kilo- 
watt pile, known as Bepo, aie believed 
by some to be ahead of the U.S. in the 
study of the power problem. Alieady 
theie are four known lesearch leactors 
in operation outside the U.S.— one at 
Chalk River, Canada; two at Harwell, 
England; and one neai Paris, France. 
And, as Aithur Holly Compton, Chan- 
cellor of Washington University, ob- 
served recently, it would not be surpris- 
ing if the Russians also had at least one 
operating reactor. 

The reactor program has been dis- 
cussed at some length because it is the 
heart of the whole atomic energy enter- 
prise— if one thinks in terms of peace 
lather than war. From that point of view 
the “atomic age” is still m the future. 
The AEC hopes to produce a function- 
ing powei reactor m five to 10 years and 
an economically practical one in 20 
years. Whether it will achieve that aim 
may depend as much on politics as on 
research. For it is idle to pretend that 
atomic bomb-making does not seriously 
impede the development of atomic en- 
ergy for peaceful purposes. “Guns-or- 
butter” issues arise at many points— in 
the budget, the use of uranium, the re- 
cruitment of personnel, security restric- 
tions, the control of research. The 


specific conflicts can be seen by examin- 
ing the AEC opeiation. 

From the Congo to Los Alamos 

The Atomic Energy Commission is a 
peculiar hybrid compounded of many 
conti adictions The basic one is that it 
is a civilian agency whose principal 
concern is making weapons. Theo- 
letically an independent body, it is 
under close surveillance by a special 
Joint Committee of Congiess, is linked 
directly to the National Military Estab- 
lishment through a Mihtaiy Liaison 
Committee, and m addition is watched 
over by an independent General Acl- 
visoiy Committee appointed directly by 
the Piesident. Most unusual of all, it is 
a Government enteipiise that delegates 
nearly all its work to independent opera- 
tor— as if the Post Office Depaitment 
were to farm out the management of 
post offices to pnvate contractors. All 
ot the Commission^ important installa- 
tions, even its scientific laboratories, are 
opeiated by industrial or univeisity con- 
tractors. Of the 68,000 persons working 
m the atomic energy undei taking, only 
4,500 aie direct employees of the Com- 
mission; the rest woik f oi the contracting 
opeiatois. 

The AEC pioject is a vertical opera- 
tion, covering the whole range from law 
mateiials to finished product. It begins 
with the procurement of manimn ore. 
The three most impoitant uranium 
sources in the world are at Joachim sthal, 
Czechoslovakia, m the Belgian Congo, 
and at Great Bear Lake, Canada. It is 
no secret that most of the AEC’s uranium 
has come from the rich Shinkolobwe 
mine in the Belgian Congo, with the 
Eldorado mine at Gieat Bear Lake as a 
second source. The pitchblende ores of 
the Shinkolobwe assay up to 50 per cent 
uranium; those of the Eldorado, 10 per 
cent The U.S. itself has no known de- 
posits of high-grade ore. The carnotite 
rocks of the Colorado Plateau, the only 
U.S. source of any consequence, con- 
tain at best only about one tenth of one 
per cent uranium. To spui the search 
for domestic uranium, the AEC has re- 
cently opened a field office at Grand 
Junction, Col., and has offered a bonus 
of $10,000 foi die discovery of high- 
grade deposits. 

The next stage in the AEC chain of 
operations is purification of the uranium, 
not to ordinary industrial standards but 
to pharmaceutical standards of purity, 
with impurities only a few parts per mil- 
lion. More than 30 contractors in many 
cities are engaged in this woik, turning 
out pure uranium by the ton. The prin- 
cipal plants are at St, Louis, Cleveland 
and Niagara Falls. 

Their product goes to the AEC’s two 
huge plants for the production of fis- 
sionable materials for bombs. These are 
Hanford’s plutonium-producing piles 
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BRITISH REACTOR is called Gleep for graphite low- energy experimental 
pile. In the face on the right are holes, or “ports,” for samples of material 
which are inserted in pile for irradiation to make radioactive isotopes. 



FRENCH REACTOR uses uranium oxide as fuel and heavy water as moder- 
ator. It operates at very low power and can be utilized only for research. Its 
principal function is to provide neutrons for study of their various effects. 


and Oak Ridges K-25, the gaseous dif- 
fusion plant that sepai ales U-235 from 
U-238. The feed material for the piles 
is pure uiamum metal, for the gaseous 
diffusion process it is uranium hexa- 
Huonde (UF< { ). The gas is blown 
through a series of thin poious barneis 
with extremely fine holes. At each ban- 
ner, the U-235 atoms, being lighter and 
therefore fastei, get through moie rap- 
idly than U-238. Hence successively 
richer concentrations of U-235 aie 
segregated To achieve the enrichment 
neeessaiy foi a bomb, a given batch of 
feed material must be cycled through 
at least 4,000 barneis, a process that 
takes months. Nevertheless the gaseous 
diffusion method has pioved to be the 
best and least costly of the several 
U-235 sepai ation processes developed 
simultaneously dm mg the war. The 
$350 million electromagnetic separation 
plant at Oak Ridge, known as Y-12, 
which pioduced U-235 for the fiist 
bomb, was shut down a year and a half 
ago and now houses biological laboia- 
tories. The AEC is building a huge 
addition to K-25 and planning still an- 
othei gaseous diffusion plant. And at 
I huifoid it is also cons ti noting new 
plants, doubling the $350 million war- 
time investment in that installation. 
Since it took over from the Manhattan 
District, the Commission by improving 
efficiency and expanding plants has sub- 
stantially i educed the cost and increased 
the pi eduction of fissionable material. 

Theoretically the mounting stockpile 
of U-235 and plutonium is equally 
usable foi peaceful or military purposes, 
and might some day be translated from 
swords into plowshaies Actually, how- 
ever, it is pioduced at a cost that can 
be justified only by militaiy needs. The 
pzoduetion methods j equired to pro- 
duce bomb material aie so wasteful 
that they reduce lather than increase the 
store of potential uranium fuel. The 
U-238 that lemains when U-235 is sepa- 
rated liom it is merely a waste pioduct; 
it has lost its value as a possible fuel 
unless recombined with U-235. Simi- 
larly, in the pioduction of plutonium m 
the Hanfoid piles most of the U-238, 
and even of the U-235, is lost. After a 
relatively small proportion of the U-235 
in a uranium rod has fissioned to produce 
plutonium, the plutonium is extracted 
and the remaining uranium, contami- 
nated with fission products, is buried as 
waste. It is questionable whether it will 
ever be worth while to reclaim this ma- 
terial for use m a powei reactor. In 
short, the atomic bomb program has 
simply skimmed the cream from the 
huge amounts of uianium it has con- 
sumed. This cream, if released to pacific 
purposes, might be used to enrich the 
fuel in power reactors, but it would be 
an extravagant method of enrichment. 

The final stage of the AEC produc- 
tion chain is, of course, the development 


and manuhictmc of bombs at Los 
Alamos. By unflagging research the 
Commission has substantially increased 
the powei of the bomb; its new designs 
were successfully tested at the Emwe- 
tok Proving Giounds last yeai In the 
coming year the Commission will spend 
$210 million f 01 the iurthei development 
and manufactiue of bombs, plus $300 
million for the pioduction of fissionable 
matenals. Although the rate of produc- 
tion of bombs is one of the most care- 
iully guarded of the AEC’s secrets, it 
can be a secret only m detail On the 
basis of known and unconcealable facts 
about pioduction methods, any knowl- 
edgeable physicist or engineei can make 
a shrewd guess, with confidence that his 
guess is not wiong by a huge factoi, 
that the AEG is probably pioducmg a 
ton or two of fissionable material, per- 
haps enough for 100 to 200 bombs, 
per year. 

Effects of Kadiation 

Besides bombs and reactors, the 
Atomic Energy Commission has a third 
concern which is inherent in its assign- 
ment the effects of nuclear radiations 
as a new factor in the human and natu- 
ral environment. The Commission is 
studying this phenomenon at every sci- 
entific and technological level. At Oak 
Ridge its biologists aie examining the 
effects of neutron and gamma radiations 
on the chromosomes of the most elemen- 
tal y organisms, and on the protoplasm 
and physiology of mice and rats, some 
of which they are exposing to the intense 
flux in the interior of the uranium pile. 
At Biookhaven researches m various 
sciences will investigate the results of 
the operation of a reactor on every 
aspect of the surroundings: the atmos- 
phere, soil, ground water, rocks, natural 
animal life, and so on. The object will 
be to determine safe levels for the dis- 
charge of radioactive gases from a red- 
actor smokestack and safe methods for 
the burial of wastes, At a number of 
universities workers under contract with 
the Commission are studying the effects 
of long-continued, low-level radiation on 
plants and animals, the genetic results of 
radiation and a host of other problems. 
At the University of Rochester biochem- 
ists are testing various drugs and hor- 
mones as treatments foi radiation sick- 
ness. In Japan AEC investigators are 
conducting a long-term study of the 
Hiroshima survivors. And at various cen- 
ters m the U.S AEC consultants are con- 
sidering defenses and protections against 
atomic bombs. 

Provider for Science 

In the opinion of Lilienthal and his 
colleagues, the AEC’s assignment does 
not end with matters directly related 
to uranium fission. Broadly speaking, 


atomic eneigy” can be construed to em- 
biace all of nucleai physics and large 
areas of the other physical and biological 
sciences— and the AEC has so construed 
it. On the theory that the nation’s eco- 
nomic and military strength depends not 
only on atomic armament but also on 
scientific and technological progress 
‘right across the board,” the Commission 
is supporting an astonishingly broad 
spectrum of reseaich. Its pending budget 
proposes to provide $55 million for 
physical research and $33 million for 
woik m biology and medicine m the 
coming year. The gi eater part ol this 
will be spent foi the construction and 
operation of its own laboratories, but 
some $20 million will go to universities. 
Most of the AEC’s university grants aie 
distributed through the Office of Naval 
Reseaich (Scientific American, Feb- 
ruary) for basic work m science The 
extent to which physics m the U.S. now 
is dependent on AEC support is indi- 
cated by the fact that a majority of the 
papers published m physical journals 
represent woik done m AEC laboi atones 
or by its conti actois. 

The range of the AEC’s interests can 
best be shown by mentioning some of 
the activities oi its principal laboratories: 

Oak Ridge National Laboratory, oper- 
ated by the Carbide and Caibon Chem- 
icals Corporation, is the site of the 
AECs most important contribution to 
science thus far. the manufacture of 
radioactive isotopes. From Oak Ridge 
moie than 5,000 shipments of isotopes 
have been distributed to researchers and 
physicians throughout the U.S. and m 
21 foreign countries. Its reactor is also 
a busy center of neutron research. The 
famous south face of the pile is fes- 
tooned with instruments and experi- 
ments. One of the most exciting is E. O. 
Wollans and C. G. Shull’s study ' of 
molecular structure by means of the 
technique of neutron diffraction, which 
for the first time has made it possible to 
determine the position of a light atom 
such as* hydrogen in a compound mole- 
cule. At Oak Ridge has been developed 
much of the new science of radiochem- 
istiy— the chemical behavior of radio- 
active elements and compounds. In its 
biological laboratories studies are being 
conducted not only of radiation effects 
but of photosynthesis and other basic 
phenomena. A new research device at 
Oak Ridge and at the Argonne Labora- 
tory is the so-called “isotope farm,” 
where radioactive material is fed to fox- 
glove to produce radioactive digitalis, 
to poppies to yield radioactive morphine, 
to animals to synthesize radioactive 
insulin 

Argonne National Laboratory , oper- 
ated by the University of Chicago, is 
principally concerned with research on 
the design of new reactors. But it also has 
large physical, chemical and biological 
laboratories, for which new buildings 


aie now under construction. Nearing 
completion is a four-million-volt Van 
de Graaff generator for basic nuclear 
studies. 

Biookhaven National Laboratory on 
Long Island, operated by a group of nine 
northeastern universities, is projected 
as the foremost AEC center for funda- 
mental reseaich It will have a 5,000- 
kilowatt reactor, now almost completed, 
designed specifically as a research tool, 
a 3.5-million-volt Van de Giaaff genei- 
ator, a 30-million-volt cyclotron, and a 
massive proton-synchroti on, which the 
laboratory calls the “cosmotron,” that 
will acceleiate protons to the stupendous 
velocity of two to three billion electron 
volts. Though Brookhaven is still m 
swaddling clothes, it has already begun 
some interesting studies of cosmic rays, 
radiation effects, new instruments 

Los Alamos Scientific Laboratory , 
operated by the University of California, 
is primarily concerned with the design 
ol weapons, but it has puisued a num- 
ber of investigations of the most funda- 
mental ehaiacter in nucleai physics Its 
physicists were the first to liquefy and 
study the properties of the rare isotope 
helium 3 just to make sine that the 
AEC is not overlooking the possibilities 
of chain reactions othei than from fission, 
they have been dabbling m the study 
of nuclear leactions among the light 
elements. The Los Alamos physical 
laboratory, described as one of the 
best 'equipped m the world ( no outsider 
is permitted to enter it), has two re- 
search reactors, a cyclotion, a betatron, 
a Cockcroft-Walton accelerator, a 2,5- 
million-volt Van de Graaff accelerator, 
a 12-million-volt Van de Graaff abuild- 
ing, and a staff of some 1,600 scientists 
and technicians. 

University of California Radiation 
Laboratory , operated by the University 
as an AEC research center, contributes 
to the Commission’s nuclear studies the 
world’s most powerful existing acceler- 
ator, California’s 300-million-volt cyclo- 
tron. The Commission’s plentiful funds 
will also make possible the building of 
California’s far more ambitious project— 
a $9 million pioton synchrotron designed 
to bombard nuclei with particles of six 
to 10 billion electron volts. 

Ames Laboratory , operated by Iowa 
State College, is the chief AEC center for 
research in the metalluigy and chem- 
lstiy of uranium, thorium, beryllium and 
other basic reactor materials. It is do- 
ing some pioneer probing into the rare 
earths (which incidentally are neither 
rare nor earths ) —elements that appeal as 
fission products and show some promise 
as metal alloys. 

In addition the AEC has a number of 
other laboratories, either directly under 
its supervision or working on large con- 
tracts for it: at the Hanford Plutonium 
Works, operated by the General Electric 
Company; at the University of Roches- 
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ter, at General Electnc’s Knolls Atomic 
Powei Laboiatory. 

Thus the Atomic Eneigy Commission 
offeis to science and technology un- 
precedented machines, facilities and 
opportunities Only m its laboi atones 
can physicists woik with reactors, with 
plentiful souices of neutrons and with 
some of the strange new techniques and 
instruments born of atomic eneigy. The 
AEC also pi offers other attractions- be l- 
ter pay than in a univeisity (for young 
scientists), opportunity for full-time re- 
seaich without teaching duties, ample 
funds foi expeiiments. Yet the AEC does 
not especially attract scientists, and its 
gieatest single pioblem is the difficulty 
of reciuitmg able woikers and admin- 
istrators. Few fix st-rank scientists have 
remained in the project Univeisity 
science and engineering departments 
have observed that their young gradu- 
ates seem to prefer a university post to 
working foi the Atomic Eneigy Com- 
mission. And although the AEC has 
urged university scientists to make use 
of its laboratories, relatively few have 
availed themselves of the invitation. 

Secrecy 

Unquestionably one of the important 
reasons is the secrecy that hangs over 
the project. The Commission has made 
resolute efforts to ameliorate this for- 
bidding atmosplieie. In die past year it 
has noticeably impioved the moiale of 
its staff. It lias sought to make life 
in the AEC communities more nearly 
normal and to carry out the injunction 
in the Atomic Eneigy Act to piomote 
"That free interchange of ideas and 
criticisms which is essential to scientific 
pi ogress.” It has encouraged its re- 
searchers, past and present, to publish 
their non-secret work, though with less 
than perfect success; a vast amount of 
olcl work which no longer affects security 
remains unpublished simply because its 
authors have not taken the trouble to 
get it declassified. The Commission also 
recently established unclassified areas in 
basic science, permitting free communi- 
cation m these fields without censorship. 
These areas, which clearly involve no 
dangei of breach of security, include 
mathematics, theoretical physics except 
as it applies to fission and weapons, the 
physical propei ties (except nuclear) of 
the elements below 90 (thorium), the 
basic chemistry and metallurgy > of ele- 
ments below S3, the design and use of 
nuclear instruments such as accelei ators 
and radiation detectors. (The manufac- 
ture of the latter is now an active, $4 
milliqn-a-year U.S. industry.) In addi- 
tion, many phases of fission and reactor 
theory are now dedlassifiable. 

Nevertheless, the AEC’s security con- 
trols remain severe and omnipresent. 
Recent newspaper headlines to toe con- 
trary notwithstanding, the Commission 


has policed the project more stnctly 
than the Aimy did dm mg the wai. Of 
the Commissions 4,500 employees, no 
fewei than 1,800 are secunty officers, 
employed lull time as guards, escoits, 
and so on. Its contraetois also have then 
own secunty oigamzations. The Com- 
mission has instituted strict accounting 
systems for its documents and materials. 
In most AEC Jaboratones, offices and 
othei installations, no visitor may move 
anywhere, even from one office to the 
next, without an escoit. Three quarteis of 
the lesearch m the Commission s labor a- 
tones is secret: of some 2,000 reports 
made by its scientists last year, nearly 
] ,700 were classified. To clear a lesearch 
worker or consultant foi access to classi- 
fied AEC data oi areas requires an FBI 
investigation, and the piocess takes at 
least three months. It is all but impos- 
sible to obtain cleaiance foi a scientist 
who is not an American citizen— oi who 
has a lelative with a record of lachcal 
activities Typical ol the rigor of the 
secunty regulations is the case of a le- 
cent application ioi a leseaich grant 
The applicant, who had pieviously done 
secret work, unthinkingly stamped his 
application “Secret ” It took a month ioi 
the Reseai ch Division at AEC headquar- 
ters in Washington to get the document 
declassified and to discover by inquiry 
that the study the applicant purposed to 
make involved no secret information. 

The money cost of all this secieey is 
substantial, the Commission has spent 
millions of dollars for fences alone. The 
cost in inconvenience and the isolation 
of the atomic eneigy project from m- 
dustiy and the general community oi 
science is incalculable. An Industrial 
Advisory Group recently surveyed the 
pi eject at the Commission’s invitation to 
determine how U.S. industry might take 
a moie active pait m atomic eneigy 
developments. It reported that the “bur- 
densome” security regulations consti- 
tuted a “formidable impediment to any 
attempt to study and understand the 
enterprise,” and to the enrichment of 
U.S technology by the engineering in- 
ventions developed in the project. 

The impediment is less apparent in 
science than m technology, for most of 
the basic knowledge in nucleai and 
allied science cannot be and has not been 
secret. Communication, among scientists 
in the fundamental disciplines is com- 
paratively free. Nevertheless the climate 
of secrecy is infectious, and its encroach- 
ment upon pure science is not inconsid- 
erable. One of the many small but sig- 
nificant examples is the fact that the 
X-ray laboratories at the AEC’s Univer- 
sity of Rochester center are a restricted 
area, for no reason that anyone can ex- 
plain The Commission has been in- 
creasingly aware of the subtle form of 
paralysis that stems from secrecy, and of 
the truism that when one locks a labora- 
tory he locks out more than he locks in. 


The lusLoiy of science possibly contains 
no moie nomc example demolish almg 
tins truth than an incident that occuned 
within the atomic eneigy progiam itself. 
One of the most unpoitant events m 
physics since the war was the creation 
of artificial mesons m the cyclotron of the 
Univeisity of California Radiation Laho- 
latoiy Yet the event was not known to 
the laboratory physicists when it took 
place, its discovery came about tlnough 
the visit of an outsider— and a foreignei 
at that. Not until the bnllnmt voung 
Biazilian mvestigatoi of cosmic lays, 
C. M G. Lattes, advised the laboi atoiy 
workois on how to develop theii photo- 
giapliic emulsions did they learn that the 
cyclotron had been manufacturing me- 
sons foi months without theu knowledge. 

The Quandary of Scientists 

The paiadox ol secrecy is that the 
iurthei it spicads the more it defeats its 
own pmpo.se. The leal secrets m the 
atomic, eneigy progiam are the engineer - 
ing and chemical processes ioi the pun- 
ficalion oi uianium, the separation of 
U-235, the extraction ol plutonium and 
the design and construction of the 
bombs. Yet for sell-pi election against 
politicians aleil ioi the beluiyal of 
ianeicd secrets, the Atomic Eneigy Com- 
mission not only must giuud what is 
actually secret but is ioiecd to create a 
bureaucratic structure of security that 
is m the highest degiee distasteful and 
discouraging to prospective recruits. To 
submit one’s private affairs and family 
to investigation by the FBI, to cut one- 
self off horn full communication with 
one’s fellows in science, to place oneself 
at the mercy of Congressional dema- 
gogues, to live with what a great scientist 
formeily m the pioject describes as “a 
constant creepy feeling of being under 
surveillance”— these are haidly invita- 
tions to a career. It is small wonclei, 
therefore, that the atomic energy enter- 
prise has little appeal foi many scien- 
tists. At its most extreme, the revolt of 
scientists finds a symbolic expression m 
the great Austrian physicist and Nobel- 
lst Wolfgang Pauli, author of the “ex- 
clusion principle,” who sat out the war 
at the Institute for Advanced Study m 
Princeton, steadfastly refusing to listen 
to any secrets or to have anything to do 
with secret projects At the end of the 
war he withdrew to the peace and quiet 
of his professorship at the Technische 
Hochschulc m Zurich, Switzerland (he 
will return to the Institute next fall). 

Of the leaders m science who were 
associated with the making of the bomb, 
nearly all have now retired to more 
pleasant woik. J. Robert Oppenheimer 
is director of the Institute for Advanced 
Study. Harold Urey is investigating the 
radioactivity of fossils and the tempera- 
tures of ancient seas. Leo Szilard has 
abandoned nuclear physics for the study 



of bactenophagcs Willard Libby, of the 
University ol Chicago, is studying the 
ladioactivity of Egyptian mummies. 
Enuco Fermi, Hans Bcthe, Eugene 
Wignei, Philip Momson, J. A. Wheeler 
and the rest of the company of theo- 
reticians in physics have returned to 
puie science. Many of these men con- 
tinue as consultants to the atomic eneigy 
pioject, and some are being suppoited 
m their own woik by AEG grants, but 
the AEC is not their principal intei est 

It would be a gioss oversimplification 
to attubute then departure simply to the 
irksome security restrictions. They have 
finished their war lime job, have found 
work that is more fun, piefer the stimu- 
lating intellectual atmosphere of a um- 
veisity to the gum environment ol 
bomb-making. Indeed, considering the 
supenor attractions of the campus cli- 
mate, it is remaikable, as Oppcnheimer 
points out, that the Atomic Eneigy Com- 
mission has held the interest of as many 
able scientists as it has. And when all is 
said and done, AEC money remains the 
principal support for scientific woik m 
the U.S Science, lcmaiks Oppenhcimcr, 
‘‘has fattened oft the bomb/’ 

c \ . . if need be to resist . . 

Obviously the continuance of this 
basis oi support is lai horn desirable. 
The AEC’s peaceable activities— reactor 
development, subsidies to basic science, 
tunning of piomismg young scientists 
through its fellowship program— are so 
closely associated with the bomb that 
then integrity is in serious jeopardy. Sir 
Hemy Dale, the distinguished physiolo- 
gist and loimer piesident of the Royal 
Society, lecently observed to the British 
Atomic Scientists Association: 

“I fear that it is becoming almost too 
difficult for some of us even to imagine 
the heedom of cooperation and the 
community of interest among all men of 
science . . . winch existed ioi centuries 
right up to a time within the memories 
of colleagues oi ouis who are still alive. 
... At piesent we have been forced very 
far horn that ideal, and the immediate 
call ioi our effort may be to challenge, 
to examine, and if need be to lesist any 
move or threat to push us farther down 
the slope ” 

One necessaiy step to that end m the 
U.S. appears to be to divorce as much 
as possible of the Atomic Energy Com- 
mission's scientific and educational un- 
dertaking from the bomb, and transfer 
these activities to a national science 
foundation. 

The “atomic age” admittedly has be- 
stowed upon science an opulence of 
money and equipment such as it has 
never before known. But the feeling of 
most scientists is aptly summed up by 
Oppenheimer: “It would be a healthier 
world if science were supported for 
itself/* 



HANFORD PLANT is one of the two huge production centers of the AEC. 
Its three piles produce plulonium, which is then extracted from the radio- 
active uranium slugs by remote-controlled chemical processes carried on 
behind heavy shielding in long concrete structures known as “canyons.” 



K-25 AT OAK RIDGE, the other major factory, is the gaseous diffusion 
plant tli at separates U-235 from U-238. The U-shaped plant is a mile long, 
has thousands of diffusion barriers, thousands of miles of pipe and thousands 
of pumps. It is the world’s largest continuous operation under one roof* 
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SCHIZOPHRENIA AND STRESS 

A report on the significant new finding that schizoid 
patients are unable to vary their production of some 
hormones to adjust to the varying situations of life 


N EARLY half of the hospital beds in 
the United States are occupied by 
patients suffering from mental ill- 
ness, and about a thiid of these patients 
have a psychosis known as schizophre- 
nia or dementia praecox. This is an all 
too common and seiious foim of insan- 
ity, affecting nearly one per cent of the 
population. Biilliant people often de- 
velop it and aie lost to society. 

A quotation from The Biology of 
Schizophrenia , by R. G. Hoskins, de- 
scribes the behavior of these patients: 

“The psychosis represents a bizarre 
melange of behavioral normality and ab- 
normality. The core disturbance, the 
so-called process schizophrenia, is per- 
haps still best expressed in [the German 
psychiatrist E.] Kraepelins definition of 
the psychosis as ‘a peculiar disorganiza- 
tion of the inward coherence of the psy- 
chic peisonality with predominating 
damage to the affective life and will/ In 
other words, the patient cannot think 
straight, feel straight, or will straight His 
logic limps woefully. He often substi- 
tutes phantasy for reasoning and to him 
argument from analogy is singularly con- 
vincing. . . . 

“It is these latter peculiarities that led 
[the German psychiatrist Eugen] Bleuler 
to ascribe primary importance to 'disor- 
ders of the association processes/ Mem- 
ory and orientation are frequently well 
preserved. The patient often shows little 
disturbance of comprehension. Despite 
frequent appearances to the contrary, he 
is usually rather well aware of what goes 
on about him. The fundamental disorder 
of the thinking processes leads ultimately 
to such deviations from normality as 
hallucinations, delusions, poor judg- 
ment, incongruity of emotions— often 
with apparent neutrality or indifference 
—incoherence in train of thought and dis- 
placement of normal volitional responses 
by automatic or impulsive reactions” 
While it is true that everyone probably 
has a threshold beyond which he breaks 
down under the batterings of life, it is 
not true that the mental breakdown need 
take the form of schizophrenia. Why 
some people develop a crippling psycho- 
sis under very little apparent stress and 
others do not under great stress is a 
challenging mystery. 

It is an article of faith among most 
students of the biological sciences that 
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human conduct, from the simplest re- 
flex to the mental achievements oi a 
Shakespeaie, depends upon the dynamic 
functioning of bodily piocesses and pai- 
ticularly ol those of the nervous system, 
which, of course, includes the biain. 
Just as physiological events determine 
mental processes, so we believe that 
mental piocesses can determine some 
physiological events. 

In the following discussion we shall 
not be concerned with the very impor- 
tant techniques ol the psycliiatnsts, who 
are primarily concerned with the treat- 
ment of mental disease at the psycho- 
logical level. Rather we shall review a 
specific aspect of the physiology ol the 
adrenal gland which appears to be rele- 
vant to understanding the nature of 
schizophrenia. This work has been ear- 
ned out during recent ycais by a gioup 
at the Worcestei Foundation for Exper- 
imental Biology woiking m collaboration 
with the research staff of the Worcester 
State Hospital. The Foundation group 
has consisted primarily of Gregory Pin- 
cus, Hairy Freeman, Fred Elmadjian, 
Louise Romanoff, James Carlo, David 
Stone and the authoi. Valuable coopera- 
tion has been furnished by Roy G. Hos- 
kins, William Malamud, Eliot Rodnick, 
Sidney Sands and David Shakow of the 
Hospital staff. Our studies have been 
aided by the Office of Naval Research, 
the U.S. Public Health Seivice, the 
Williams Waterman Fund of the Re- 
search Corporation, the G. D, Searle 
Company, the Armour Company, the 
Schenng Corporation and Ciba, Ltd. 

The adrenal gland consists of two 
small organs, located on the top of the 
kidneys. The glarid has an inner region 
called the medulla and an outer part 
called the cortex. The adrenal medulla, 
which secretes the hormone epinephrine, 
or adremn, plays no significant part in 
the phenomena we aie about to consider. 
The adrenal coitex, however, seems to be 
involved in schizophrenia and perhaps 
in other mental conditions. During the 
last two decades some 2,000 papers have 
appeared dealing with its physiology and 
the chemistry of its hormones. 

Twenty-eight hormonelike substances 
have been obtained from the adrenal 
cortex, all belonging to the class of com- 
pounds known as steroids. The adrenal- 
cortex steroids, which are quite different 


chemically and in then effects m the 
body from the single hoirnone of the 
adrenal medulla, belong to the same 
chemical family as the sex hormones 
Some have not as yet been assigned any 
known physiological role, although the 
1 unction of others is quite clear. Three 
hoimones, for example, are pnmanly 
concerned with convex tmg pi otein to su- 
gar and stonng this potential fuel m the 
liver. Otheis legulate the salt and water 
balance in the body, particularly the bal- 
ance of sodium and potassium between 
cells and body fluids which is so essential 
to the normal lunctiomng of the biam 
and other tissues. 

Unlike the adrenal medulla, which is 
undei direct nerve control, the hormone 
production and secietion of the adrenal 
cortex is accelerated by a protein sub- 
stance released into the bloodstream 
from the pituitary gland. This adieno- 
coi tico trophic hormone, or ACTH, is 
discharged from the pituitaiy by the 
nervous system, although the exact 
mechanisms are still obseme. The secie- 
lion of ACTH is also partly regulated by 
the level ol adienal-cortex hormones al- 
ready in circulation; the higher this level, 
the less ACTH is released 

C ONSIDERABLE evidence, especial- 
ly hom animal studies, indicates 
that adrenal-cortex hoimones play a sig- 
nificant lole when the organism is under 
stress. The work of Hans Selye and his 
collaborators at the University of Mon- 
treal (Scientific American, March 
1949) on the so-called “alarm reaction” 
has been especially illuminating, as have 
studies from the laboratories of C. N. H. 
Long of Yale University and Dwight J. 
Ingle of the Upjohn Company. Animals 
forced to exeicise strenuously, or ex- 
posed to extreme cold, surgical injury, or 
injections of toxic agents, show reversi- 
ble anatomical and chemical changes in 
the adrenal cortex. Animals whose pitui- 
tanes have been removed do not show 
these sti ess-induced changes, and those 
deprived of the adrenal cortex early m 
life show marked weakness and lassitude 
followed by collapse and death. These 
latter animals have little resistance to 
stress of any kind. 

Addisons disease in man has long 
been known as a destructive disease of 
the adrenal cortex. It results typically in 
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progressive lassitude, exhaustion and ul- 
timate death, and psychotic behavior is 
not uncommon. Annuals depnved sur- 
gically ol theii adienal cortices and Ad- 
dison’s patients can be maintained m a 
healthy state by admmisteimg adienal- 
cortex hormones which serve as substi- 
tutes foi the hormones noimally pro- 
duced by the gland. 

During the war Gregory Pmcus of the 
Worcestei Foundation and the author 
studied fatigue m aviators and found 
that individual diflerences m resistance 
to stiess weie con elated with secretion 
ot hormones horn the adienal cortex. In 
subsequent studies we lound that a wide 
variety of common woikaday stresses 
produced enhanced activity of this 
gland, and later we decided to extend 
our studies to the large group of mental 
patients who have notably failed to meet 
the stresses of daily hie. We asked our- 
selves whethei these psychotic patients 
might show inadequacies m this very 
general sti ess-response system. Just as 
the engineer tests the strength of struc- 
tural materials by stiessmg them and 
measuring the strains, it seemed reason- 
able to stress psychotic patients and 1101 - 
mal people by the same slandaid pio- 
cedures and compare theii adrenal re- 
sponses. 

A number of methods aic available loi 
measuimg the functioning of the adre- 
nal-cortex hormones in man. Because ol 
their fai -leaching effects on metabolic 
processes, the concentrations of various 
substances m the blood and uime indi- 
cate adienal activity. Thus, f. F. 
Dougherty and Abraham White of Yale 
have shown that certain adrenal steroids 
produce a drop m the number of white 
blood cells known as lymphocytes, 
which make up about 35 per cent of the 
blood’s total white-cell count. They do 
this by converting some of the piotein of 
lymphoid tissue to sugar, which is then 
stored as iuel in the liver ; as a result of 
this pi olein breakdown an end product, 
uric acid, appears m the urine where its 
concentration can be determined. Other 
adrenal steroids whose chemical compo- 
sition differs only slightly from those 
concerned with protein and sugar me- 
tabolism regulate the excretion of so- 
dium and potassium, so that changes of 
concentration of these salts in the urine 
are also useful indexes of the relative 
amounts of circulating hoimones. 

Another method of measuring adienal- 
cortex activity depends on the fact that 
the “true” adrenal steroids, m contrast to 
the steroidal sex hormones, have reduc- 
ing properties, that is, they can transfer 
hydrogen atoms to other substances. The 
total amount of reducing lipids, which 
are fats and fatlike substances, in sugar- 
fiee urine consists mainly of certain ad- 
icnal steioids. During metabolism many 
of these substances, but by no means all, 
are converted into 17-ketosteroids (see 
drawing on page 46) The 17-ketoster- 
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THE ENDOCRINE GLANDS all secrete their hormones into the common 
pool of the blood and the lymph. They are thus able to work delicately or- 
chestrated effects on one another. One such connection, which is discussed in 
this article, is the stimulation of the adrenal cortex by a pituitary hormone. 




oids and reducing lipids may be ana- 
lyzed in as little as an horn’s accumula- 
tion o£ urine. In men 80 to 90 per cent 
of the 17-ketosteioids aie of adienal ori- 
gin, the rest aie from the testes, in 
women piobably 100 pei cent aie horn 
the adienal cortex. 

Since 1941 we have been studying the 
effects ot various stresses on adienal- 
cortex function among normal men and 
women and among mental patients. At 
first the onlv practical method available 
for measuring these effects was to de- 
termine the concentiation of the 3.7- 
ketos ter oids m tire urine. During the past 
three years, however, we have used in 
addition lymphocyte counts and changes 
in urinary sodium, potassium, uric acid 
and the reducing lipids. Our various 
studies have involved approximately 200 
noimal men and women and 100 mental 
patients, for the most part chronic male 
schizophrenics. 

In oui experiments we have used such 
clear ly physiological stresses as exposure 
to heat or cold and the ingestion ol large 
doses of sugar. All these sti esses increase 
the activity of the adrenal cortex in nor- 
mal people. We have measured adrenal 
function befoie and aftei the stress and 
fatigue resulting from prolonged opera- 
tion of a pui suit meter, a iliglit-smiulat- 
ing device that has airplane-type con- 
trols and is used to test coordinating 
ability. We have studied activity before, 
during and after 152 training flights of 
16 Army instructor pilots; similar tests 
were made of 56 flights of seven civilian 
test pilots. On the puiely psychological 
side, we have also recorded adrenal- 
cortex function duiing interviews, dur- 
ing especially designed frustration tests, 
and during examinations given to col- 
lege students in legular courses. All of 
these tests, with the exception of the 
last one and the actual airplane flights, 
have been administered both to schizo- 
phrenic patients and to normal control 
groups. 

Among normal individuals we find 
that, within limits, the greater the stress 
the greater the hormonal output, and we 


have been able to coi relate measure- 
ments of the degiee ot fatigue in the 
pui suit-meter test with adrenal-coi tex 
secretions. Patients suffering horn psy- 
ch oneuroses (which foi the pui poses of 
this discussion may be regarded as less 
seveie loims of mental breakdown) gen- 
eially exhibited adrenal responses similar 
to those of noimal persons, although 
often m somewhat exaggerated foim 

The schizophrenic group showed a 
striking inability to respond to these tests 
with enhanced steioid output as meas- 
ured by oin blood and urinary indexes, 
despite the fact that their normal steroid 
secretion, as measuied after 24 hours of 
rest, was little different from that of the 
geneial population. A sclnzophiemc 
does not have an under productive 
adrenal coitex, as does the sufferer from 
Addison’s disease, hut the organ is gen- 
eially unresponsive to stress and cannot 
change its activity with changing situa- 
tional demands. 

One might think that the unrespon- 
siveness was due to lack of mteiest m the 
tests and an other-worldly detachment 
fiom the experimental procedure, but 
this notion does not account for the facts. 
Both patients and normal conti ols were 
exposed to heat oi cold at the same time 
and both groups sweated or shivered 
alike. The controls showed enhanced ad- 
renal activity and the patients did not 
Moreover, the purely internal stress ot 
assimilating large amounts of sugar ad- 
ministered in our sugar-tolerance tests 
revealed significant differences m the 
adrenal-cortex responses between pa- 
tient and conti ol gioups. In psychologi- 
cal tests, including performance on the 
pui suit metei, the patients weie coopera- 
tive and their interest m the situation 
seemed to be as gieat oi gi eater than 
that of the conti ol subjects. 

The basis of i espouse failures among 
the patients was next investigated. Per- 
haps their adrenal-cortex secretions weie 
normal but their body tissues could not 
react to the hormones. This possibility 
was excluded by injecting patients and 
controls with standard quantities ot cor- 


tical extract. Both gioups showed the 
same leactivity to the injected hoimones. 

The failure must then leside eithei m 
the inability of the biam to excite the 
pituitary to discharge its ACTH, or m the 
failuie of the ACTH to stimulate the ad- 
renal coitex. To investigate these altei- 
natives, we injected patients and con- 
trols with 25-milligiam doses of ACTH 
and tested oui six blood and urinary in- 
dexes befoie injection and at seveial 
standard mteivals of time aftei wards. 
The lesults were striking. The ACTH 
pioduced vigoious responses m all the 
conti ols, but the patients, loi the most 
pait, showed little or no response. It was 
therefore leasonable to believe that the 
patients’ stress failures resulted from the 
inability of ACTH from their own pitui- 
tanes to excite their adrenals. 

W E next selected a group of schizo- 
phrenic patients who failed com- 
pletely to xeact to 25 milligrams of 
ACTPI and injected them with 75 to 100 
milligrams. These extia-laige doses pio- 
duced some response To assuie oui- 
selves that smallei doses had not failed 
because of possible inadequacies of the 
hospital diet, we led a group ol non- 
responsivc patients for two weeks on an 
ample protein and vitamin diet and 
again injected them with 25 milligrams 
of ACTII. But they were still as ume- 
sponsive as befoi e. 

The statement that schizophrenic pa- 
tients do not give adienal-coitex re- 
sponses to stress oi to ACTH is based on 
statistical group comparisons. While the 
correlation between steroid secretion and 
degree of schizophrenic illness is not 
perfect, the stiess i espouse separates 
patients from normal persons with a sta- 
tistical sharpness superior to that of any 
other physiological criterion of which we 
are aware. 

What then do these findings mean m 
terms of schizophrenia? They certainly 
do not imply that adrenal stress-response 
lailure is the one and only “cause” of the 
psychosis, although it is piobably one of 
the important 1 actors involved. A psy- 



STEROIDS have similar molecular structure. The first sterone. The remainder are 17-kelosteroids, named for 
three above are the adrenal hormones corticosterone, 17- the keto group at the number 17 position on their mole- 
hydroxy 11-dehydro corticosterone and desoxycortieo- cule. These arebreakdownproductsof adrenalhormones. 
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chosis is pximanly a tailme in mtci per- 
sonal relations determined by a break- 
down of higher mental piocesses which, 
m turn, depend upon the dynamic pat- 
terning and conduction of impulses m 
billions of nerve pathways in the biam. 

One of the most conspicuous indexes of 
stress iailme among schizophrenic pa- 
tients is provided by adienal legulatois 
of salt balance, and our data on potas- 
sium secretion have been paiticulaily 
consistent m separating patients fiom 
conti ols. Potassium is of gieat impor- 
tance in the generation and piopagation 
of nerve messages which aie waves of 
electiical action and constitute the physi- 
cal basis for thought processes and be- 
havioi. Work horn our laboiatoiy has 
shown that the content of potassium m 
lat brain is alteiecl following stress and 
that the adrenal coitex regulates brain 
potassium. Fmtheimore, neurophysiol- 
ogists have demonstrated that important 
electrical pioperties of neivc depend on 
its potassium content Such evidence in- 
dicates that faulty potassium metabolism 
in the face of the lcpealed stresses of 
daily life may be an important 1 actor m 
the development of a psychosis. 

It may be that chemical deficiencies 
of the kind we have been discussing, per- 
haps genetically determined, make some 
persons more vulnerable than otlieis to 
the stresses of living. They may never 
become psychotic, especially if their lives 
present tew pzoblcms, but undei moie 
severe envn onmcntal and peisonahzed 
sti esses theii physiological delects may PURSUIT METER showed that, as men received less oxygen, fatigability 
result in brain malfunction with conse- increased and ketosleroid output decreased. Figures on heavy line indicate 

quent psychotic disturbances. This liy- number of tests. Dotted line shows increase in ketosteroids above resting level, 
pothesis wan ants fuither investigation 

Our studies to date have not been con- 
cerned with tieatment but rather with 
the analysis of basic mechanisms. The 
schizophrenic is not deficient m over-all 
output of adienal- cortex hormones. In 
the absence of the piLuitary the hor- 
mones are released from the cortex in 
man and animals at a constant rate. It is 
the patients' stress responses that are de- 
lective. In a nonnal peison these re- 
sponses involve varying hormone output 
to meet fluctuating demands It is possi- 
ble that current shock therapies, which 
are violent stresses, may activate slug- 
gish pituitary- adrenal systems. Very 
large doses of ACTH do excite the pa- 
tients' adrenals. We are therefore stait- 
mg to investigate the therapeutic value 
of repeated large doses of ACTH. While 
our work to date offers no immediate 
promise of cures, the discovery of a basic 
physicochemical defect m most schizo- 
phrenic patients presents grounds for be- 
lieving that future research may yield 
results of practical therapeutic value, 

Hudson Hoagland is a physiologist with 
the Worcester Foundation for Expert - ACTUAL FLYING also produced increase in 17-ketosteroids. Number oi 

mental Biology , Tufts College Medical flights is indicated in circles. This showed that 17-ketosteroids are normal 

School and the Worcester State Hospital, metabolic result of stress. Schizophrenics do not show such responses. 
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YOUNG TURTLES were beautifully drawn in Agassiz’ 
Contributions to the Natural History of the United 


States. At the left is Chrysemys oregonensis . In center is 
Trachemys elegans. At right is Actinemys marmorata . 
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The great Swiss biologist had two careers. The second, 
which began with his arrival in the U. S., did much to 
awaken the American people to the importance of science 


AN elderly gentleman of my aequaint- 
ance remembeis well, from his 
Philadelphia childhood, a De- 
cember day in 1873. Gloom descended 
with the ai rival of the morning paper at 
the family breakfast table. It continued 
as he walked abroad with his father, 
who conversed with friends in the streets 
in subdued and solemn tones. To the 
small boy it seemed as if a national 
calamity had occuned. In a sense it had, 
for news had arrived that the great Louis 
Agassiz was dead. 

Among the general public the death 
of even die most eminent scientist usu- 
ally causes no more than a brief apple 
of interest and regret. To the people of 
his day Louis Agassiz was not just a 
scientist— he was the embodiment of 
science itself. To this small boy (and 
perhaps to his elders as well) it seemed 
as if, with the passing of Agassiz, science 
itself lay dead. 

During his quarter-century residence 
in this country at Harvard University, 
the Swiss-born biologist became one of 
die truly great populanzers of science. 
In his will he described himself simply 
as “Louis Agassiz, teacher.” It was as a 
teacher rather than as a research man 
that he was known to his adopted coun- 
- trymen— not merely a teacher of prospec- 
tive scientists and college students but 
one who, with unbounded endiusiasm 
and charm, expounded die beauty and 
wonders of nature to die masses of the 
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countiy. Moie than any other man lie 
fuithered the widespread respect for 
science in America, without which the 
lapid growth of later decades would 
have been impossible. 

Jean Louis Rodolphe Agassiz was 
born m 1807 in the French-speaking 
Jura region of Switzerland, the son of a 
minister of Huguenot descent. Early m 
life he showed a stiong bent for natural 
history. His growing talents forced lus 
lamily to the conclusion that, despite 
the financial circumstances of a minis- 
terial household, Louis should have a 
university education. At the University 
of Zurich he soon exhibited that com- 
bination of a brilliant mind with un- 
bounded vitality and personal attractive- 
ness that made him an outstanding figuie 
throughout his career. It became obvious 
that he deserved a broadei training than 
that available at the little Swiss institu- 
tion. Further studies took him to Heidel- 
berg and then to the newly founded 
Bavarian university at Munich. Here 
Agassiz became a member, then the 
leader, of a brilliant group of students 
and young instructors in science. His 
scientific advance was rapid; even be- 
fore obtaining his doctorate at the age 
of 23, he had written an important 
monograph on the fishes of Brazil. 

When his schooling began, it was 
assumed that young Agassiz would be- 
come a medical man, a country practi- 
tioner with scientific inteiests as an avo- 


cation. Following his giaduation in 1830 
he did indeed return home for some 
months and made a half-hearted attempt 
to practice medicine Then his eyes 
turned to Paris, in those days the great- 
est center of biological reseaich m 
the world. The scientific leader of the 
French capital was Baron Cuvier, found- 
er of the sciences of comparative anat- 
omy and veitebiate paleontology, a 
potent figure in government circles as 
well as the greatest zoologist of his time. 
It was inevitable that Agassiz should go 
to Paiis. Cuvier was a cold, austere, le- 
mote figuie to most of his fellow scien- 
tists; to everyone’s surprise, and to the 
gratification of Agassiz, he opened his 
heart and his laboratories to the attrac- 
tive and talented young Swiss. With the 
support of the master, Paiis seemed but 
one more upward step in Agassiz’ career. 

But his progress was soon checked. 
Within the year Cuvier died of cholera 
and Agassiz lost lus chance of a Paris 
post. A few months later he was offered 
and accepted a veiy modest professor- 
ship at the Lyceum of Neuchalel in his 
native Jura, a position he held for more 
than a dozen years. Soon after returning 
to Switzerland he married Cecilia Braun, 
the sister of a German student friend; 
she bore him two daughters and a son, 
Alexander, who later became a famous 
oceanographer. 

Why Agassiz elected to accept the 
Neuchatel position is a bit of a puzzle; 


at the time , his fi lends must have con- 
sidered the move a disastious setback. 
Neucliatel was a small town, the Lyceum 
undistinguished, the salaiy small. It was 
as if the white-haired hoy of one of to- 
day’s great umveisity departments weie 
to f 01 ego a promising caieer to accept a 
job m a mmoi junior college or high 
school. 

But the youngster who went to Neu- 
chatel was no ordinary man, any institu- 
tion he enteied could not but become 
important. While he was there, Neuclia- 
tel was a major scientific centei. Al- 
though his post offered little incentive or 
financial aid for scientific investigation, 
Agassiz completed about 200 publica- 
tions during this penod, including 20 
stout books with some 2,000 excellent 
illustrative plates. Today substantial sup- 
port from lesearch foundations frequent- 
ly enables a brilliant man to gather 
around him a large team of scientists. 
Agassiz built himself a majoi research 
institute without such backing. Artists 
and assistants weie always at hand. 
Funds weie low, but at the worst there 
was sleeping space m the Agassiz home, 
food at his table. Preparation of the 
countless plates lor his woiks was diffi- 
cult: Agassiz sponsored his own litho- 
graphing firm, No medium lor publica- 


tion was available Agassiz became his 
own publishei . 

A GASSIZ made his two most unpor- 
■ tant conti lhutions to scientific re- 
search during the Neucliatel period The 
first was his woik on fossil fishes. Cuvier 
had devoted much time to the study of 
the moie advanced vertebrate classes, 
but little had been done on the remains 
of fishes, although they are as numeious 
and as diversified in nature as all the rest 
oi the backboned animals put together. 
From his student days Agassiz had de- 
termined to conquer this difficult field 
His work, published m parts over a 
dozen years, finally totaled five volumes 
with hundreds of magnificent plates. It 
gamed for him a high place m the Eu- 
lopean scientific world by the time he 
was 30, and Agassiz’ Poissons Fossiles is 
still the classic on the subject. 

His woik on glacial geology was per- 
haps even moie important. Switzerland 
is one ol the few places outside the polar 
regions where glaciers are prominent 
featuies. Noting the presence of “erratic” 
boulders m the Rhone Valley, two fellow 
Swiss geologists had suggested that the 
local glaciers, now confined to the high 
mountains, had once spread more widely 
over the plain below. Agassiz was skepti- 


cal of their conclusions and went to see 
for himself. He was soon convinced, but 
his alert mind swept him on at once to 
hypotheses far wider than then* limited 
conclusions. He had seen phenomena 
compaiable to those of the Rhone Val- 
ley elsewhere m Switzerland, and his 
readings m the field of travel bi ought to 
his mind similar conditions reported 
fiom many other regions From this evi- 
dence he deduced that in lelatively re- 
cent geological time there was a great 
ice age when huge aieas of the world 
were covered by continental glaciers. Ad- 
vanced against the strong opposition of 
most of the senior, conservative geolo- 
gists of the day, the theory of this young 
upstart triumphed. It is now one of the 
accepted tenets of geology. To test the 
theory Agassiz and his colleagues spent 
a numbei of summers observing present- 
day glaciers. For several seasons their 
headquarteis was the “Hotel des Neu- 
chatelois,” a rude shelter beneath a boul- 
der on the moiame of the Aar Glacier. 

Agassiz’ years at Neuchatel were years 
of much scientific achievement, but his 
position there became shaky indeed. He 
was a magnificent optimist, without a 
trace of practical business sense. His af- 
fairs weie lun on the most slender of 
shoestrings, and lelatives and friends 



GLACIERS were one of Agassiz’ earliest interests. This appeared in Agassiz’ Etudes sur les Glaciers, This* was 
illustration, showing the Zermatt Glacier of Switzerland, published in 1840 during Agassiz’ stay at Neucliatel 
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weie lepeatedly rescuing him hom fi- 
nancial difficulties. By 1845 it was eleai 
that the Neuchatel days weie nearing an 
end His resources and those o t his local 
supporteis weie exhausted, and debts 
from his scientific enteipuses were piling 
up. His lithogiaphic film failed and two 
of his most valued assistants left him 
His wife, ill and discouraged, departed 
for hei family home in Germany. 

As usual Agassiz’ optimism was ulti- 
mately rewarded By a cunous quirk of 
political history, Swiss Neuchatel was 
then a pait of the domains of the King of 
Prussia, who gave the scientist a giant 
for a scientific visit to Ameiica. The 
amount of money involved was not 
great, but soon afterward Agassiz was 
invited to deliver a well-paid series of 
popular lectures on biology at the Lo- 
well Institute m Boston. Agassiz was en- 
thusiastic. He had always wanted to 
travel, but no opportunity had previous- 
ly presented itself. During the following 
winter he wound up his affairs at Neu- 
chatel in preparation foi the trip— m 
theoiy he was merely going on a leave 
of absence. The general feeling was that 
this was the end of his career m Switzer- 
land— which proved to be tiue. 

Agassiz packed two lull scientific ca- 
reeis into his 65 yeais. When he left 
Europe in the summei of 1846 he was 
just under 40 years old and had aheady 
accomplished as much in research and 
received as great distinction as has many 
a notable scientist by the time he letires. 
In America, during the quarter-century 
remaining to him, he was to lead another 
equally notable though different life. In 
Europe Agassiz had been almost entirely 
a lesearch worker. In America his fame 
rests not so much on his investigations as 
on his promotion of science. 

I T was soon obvious that Agassiz and 
America were made for each other. 
His Lowell lectures in Boston were an 
instant success. Large audiences found 
his enthusiasm infectious, his personality 
charming. The public lectuies had to be 
. repeated, and during the months that 
followed lie lectured with great popular 
acclaim in major East Coast cities. 
Agassiz was eager to teach; America was 
eager to be taught. Here was a people 
who, like himself, dreamed great dreams 
and energetically set about turning them 
into realities; a people who might aid 
him in making his own great dreams 
come true. He was warmly welcomed in 
America by scientists and laymen alike, 
while Swiss politics were dubious and 
his personal prospects none too sure. As 
a result, he readily accepted an offer of a 
professorship at Harvard, and Cam- 
bridge became his second home. Later 
he received many other offers from 
American and European universities, but 
he refused them all. 

When he first settled in Cambridge, 
his house overflowed with collections 
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and livestock (a beai was a basement 
lesident foi a penod) and also with a 
s win m of associates from Switzeiland. It 
is said that at one time no fewer than 
23 of them enjoyed the hospitality of 
this new Hotel des Neuchatelois. 

Soon after his aruval m Ameiica, 
Agassiz’ first wife died in Germany and 
m 1850 the ties to his new home were 
sti engthened by his mairiage to Eliza- 
beth Caiy. She was an ideal wife— secie- 
tary, collaborator, counselloi and a 
second mothei to his orphaned children. 
Agassiz lemained as impiovident as ever 
in America, spending all available money 
on scientific ventures. To bolster the fam- 
ily finances Mis. Agassiz, with the aid of 
the children and the professor himself, 
‘established a flourishing gills’ school. 

The piofessoi was not a sessile organ- 
ism. He could never stay put, and tiav- 
eled far and wide on lecture toms and 
scientific expeditions. His most notable 
expedition was a trip to Brazil in 1865- 
66. It lasted 16 months, 10 being spent 
on the Amazon— a river of intense mtei - 
est to Agassiz, for its fish had been the 
subject of his first research monograph. 
For once m his life Agassiz had no finan- 
cial worries. A wealthy Boston admirer 
supported the trip liberally, and the staff 
included some 15 paid and volunteer 
assistants 

Agassiz continued his leseaich. In- 
deed, he entered new fields, particularly 
marine zoology (unfamiliar territory to 
him during his earlier life m inland 
Switzerland). His numerous American 
publications include such substantial 
woiks as the four- volume Contributions 
to the Natural History of the United 
States Neveitheless, if his work be 
viewed objectively, one must admit that 
the research of his later years does not 
measure up in originality and lasting 
value to that of his European period 

America had already produced a num- 
ber of scientists of distinction, but most 
of them were little recognized and un- 
infiuential. In the colleges and universi- 
ties of the country science was for the 
most part frowned upon as a noxious 
weed in the prim and classical aca- 
demic garden. At Harvard and Yale 
the establishment of separate scientific 
schools— Lawrence and Sheffield respec- 
tively-proved the means of entering the 
hitherto forbidden gates. Agassiz was the 
first appointee to the Lawrence Scientific 
School, m fact, his piesence and avail- 
ability seem to have been the stimulus 
that brought the initial offer of scientific 
support from Abbot Lawrence. Agassiz 
spent the rest of his life furthering the 
growth of this school which with Shef- 
field had a great effect on the develop- 
ment of university scientific teaching. In 
later decades science teaching has been 
quite properly merged with the general 
academic curriculum. 

Although odd cabinets filled with cu- 
riosities and natural-history objects were 


to be found heie and theie, almost noth- 
ing m the way of natuial-histoiy mu- 
seums existed m the United States at the 
time of Agassiz’ ai rival. He became fired 
with the ambition to create in Cam- 
bridge a museum comparable to the 
great institutions of Pans and London, 
and woiked energetically to that end. 
An opening came m 1859 when an ad- 
miring friend willed $50,000 for the en- 
dowment of such a museum with the 
stipulation that it be called (as Agassiz 
suggested) the Museum of Comparative 
Zoology, an unwieldy name that it bears 
to this day. With this initial gift as a 
lever, Agassiz tumeclTiis effoits to raising 
further funds for the new institution, to 
amassing collections and to gathering a 
research staff. Although his ambitious 
plans weie far from fulfilled, Agassiz 
could say with justification, shortly be- 
fore he died, that it already compaied 
favorably with majoi European institu- 
tions. 

Agassiz’ unique contribution, how- 
ever, lay in his own teaching of students 
and the public. No amount of instruction 
can make a teacher out of a man who 
lacks an enthusiasm for his subject and 
the ability to inlect his audiences with 
equal enthusiasm. Agassiz had these 
characteristics m overflowing measure. 
He had to teach, and his listeners always 
responded. He could deal equally well 
with the vast crowds of his lecture tours 
oi a single advanced student in the lab- 
oratory. tie loved his subject so much 
that, m default of a larger audience, he 
would lecture on natural history to a 
cabbie driving him to his hotel or to a 
fisherman in a rowboat. 

T ENS of thousands of young students 
today are introduced to the name of 
Agassiz by a quotation on their rulers. 
“Study nature, not books.” Although the 
piofessor probably never utteied these 
exact words, they do express the essence 
of his teaching. For the advanced stu- 
dent who came to woik with him, acute 
observation of nature leplaced the dull 
pedantry and reliance upon written au- 
thority which had persisted in universi- 
ties from the Middle Ages to the earlier 
19th century. Students responded to this 
sort of treatment, budding zoologists 
flocked to him and left Cambridge to 
spread the gospel of Agassiz’ teachings. 
Most biologists in the, country today are 
to some extent the scientific descendants 
of Agassiz although, with the constant 
expansion of the field, a large number 
are woiking in areas that were un- 
dreamed of in his day. A list of his stu- 
dents would include many men who 
dominated American zoology in later 
decades of the century, and others who 
became prominent m fields as far apart 
as geology and psychology. 

In Switzerland Agassiz’ teaching had 
been confined to academy students and 
home-town friends. In America he dis- 



coveied, and delighted m, his ability to 
capture and hold great audiences, 
learned and unlearned alike In the 19th 
centuiy attending public lectuies was 
the greatest mdooi pastime, and Agassiz 
enjoyed and was mspued by any type of 
attentive group. Furtheimore, he needed 
money, not for himself, but for his scien- 
tific woik and for the support of his mu- 
seum. Heie weie hosts of people willing 
to listen and learn and, moreovei, willing 
to pay foi the privilege. And so, time 
alter time, Agassiz toured the countiy 
horn the Great Lakes to the Gulf of 
Mexico, from the East Coast to the gi ow- 
ing piairie towns. His audiences never 
tired of him. His command of English 
never became peifect He always had a 
strong accent and frequently he had to 
pause and giope for the piopci woid. 
These imperfections weie moie than bal- 
anced by his clarity, simplicity and en- 
thusiasm, and only endeaied him further 
to the public He fostered a populai m- 
teiest m reseaieh and its support, with- 
out which American science would have 
1 em amed impotent . 

Agassiz' written woiks are evidence of 
his importance as a reseaieh worker. The 
historian can leadily trace the effects of 
his teaching as it has been transmitted 
tin ough successive generations of his sci- 
entific descendants. But it is extiemely 
difficult lor us to lealize the personal 
magnetism that helped so much to make 
his teaching effective. William James, 
the philosopher, gives part of the pic- 
tuie: “He was of so commanding a 
presence, so curious and inquiring, so 
responsive and expressive, and so gen- 
erous of himself and ol his own, that 
everyone said of him. ‘Here is no musty 
savant, but a man, a gieat man . . / ” 

Alice Bache Gould, one of Agassiz" 
biographers, has stiung together some of 
the phrases that his contemporaries used 
to deserrbe him. “His genial counte- 
nance; his gieat face beaming with 
pleasure, the eyes whose sunshine runs 
befoie the lips, a film benignity of face, 
and winning ways, lus phrases all the 
more taking for the broken English, an 
inexhaustible buoyancy and huge good 
fellowship; robust and dominating; 
cheerful, kindly, engaging, frank, irre- 
sistible; ingenuous, glad, great-hearted 
and bewitching, the jovial giant, the 
acknowledged mastei, a man to be 
thankful for.” 

Truly a man for science to be thankful 
for. American science has traveled far 
since his day. Its progress would have 
been much slower, its triumphs less 
great, without the example set by Agas- 
siz and the public support and respect 
engendered by his teaching. 




Alfred Sherwood Romer FOSSIL FISHES were another of Agassiz’ interests during his European 

is director of the Museum career. After working with the great Baron Cuvier* who founded the science 

of Comparative Zoology of vertebrate paleontology, Agassiz took up the relatively little-studied fishes. 

at Harvard University. The result was his classic work called Recherches sur les Poissons Fossiles . 
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of Whales 


As man has learned to dive deeper and deeper, he 
has taken an increasing interest in the remarkable 
diving abilities of the great oceangoing mammals 

by Cecil K. Drinker 

A MONG the miscellany ol creatines appaiatus in the mouth foi trapping loocl out as it was taken in— thiough the lungs, 

that inhabit the eaitli, whales pos- particles, this type ol whale lost its The dissolved gas must travel m the 

M sesg a p ecu liar interest. Although teeth, learned to live on small crus- blood to leach the lungs, so it diffuses 

they are air-breathing mammals, their taceans that the sea provides in vast rapidly into the capillaries. In these tiny 

highly specialized physiology peimits quantities, and slowly meieased m size. vessels it may attain such a high degiee 

them to remain under water for pro- In the Antarctic, wheie the hunting ol concenli ation that it comes out ol solu- 
longed periods ol time. Their great size of blue and fin whales is still very proi- tion and loims bubbles, which may 

is well known. Many people think that liable, the water is sometimes colored leadily be seen undci the micioscope. 

some reptiles of the geologic past were led by schools ol tiny creatines known These cause ail embolisms, i c., they 

bigger, but this is not so. As fai as we as “whale teed” or “lobster la ill.” The block the flow of blood in the capillaries, 

know, the largest animal that has ever whalebone whales swim back and foith They may cause pam in areas pooily 

existed is the blue whale, or Sibbald’s through the schools with their mouths supplied by capillaries, such as the 

roiqual. open to scoop in the little crustaceans, joints, and they may lodge m the heait, 

The illusti ation on the opposite page which are then stiamed by the whale- the lungs or the brain to cause sudden 

compares the sizes of a few animals, bone and swallowed. A blue whale is death 

Among die creatures shown are the blue able to consume some 250 gallons of Various methods of preventing the 
whale; Jumbo, the largest known ele- lobster krill at one feeding bends have been pioposed or tued. The 

pliant; and a specimen of Bmchiosaurus , As man has learned to dive deeper and condition could be avoided if the diver 
one of the largest dinosaurs. Brachiosau- deeper, he has developed an increasing breathed puie oxygen befoie diving, and 

rus had a relatively short tail, but the interest m the physiological abilities ol continued to breathe it during his dive, 

animal may have reached a length of whales Most of us know that if a diver The trouble with this stratagem is that 
80 feet and a weight of 50 tons. Blue goes down to 100 feet and works for an at a piessure of four atmospheies pure 
whales up to 110 feet have been de- horn, he must be brought to the surface oxygen is a dangeious poison if breathed 
scribed, and modem methods have made slowly to avoid caisson disease, or the for more than brief periods. It irritates 
it possible to estimate their weight at “bends.” At sea level, where the atmos- the respiratory passages, and after a time 
more than a ton per foot. So the sea has phene pressure is about 15 pounds per causes serious convulsions. To solve this 
preserved an animal twice as bulky as squaie inch, a man of average size has problem helium may be mixed with oxy- 
Brachiosaunts, about 1,000 cubic centimeters, or nearly gen, just as nitrogen is mixed with 

A newborn whale is 20 to 30 feet a quart, of nitrogen dissolved m his body oxygen m the air. Since helium is much 
long and apparently suckles for about a fluids and tissues. The gas has no physio- less soluble than nitrogen in the body, 
year Many structural features of whales logical value, but it nonetheless dissolves particulaily m fatty tissues, it is breathed 
suggest that they evolved from a blanch into, the blood which passes through the in and out by the diver and is not stored 
of early mammalian carnivores that first lungs. At a depth of 100 feet the diver in solution, ready to burst out when the 
lived on land and later took to the sea is subjected to a pressure four times that pressure is loweied. 
and fish-eating as an easier way of life, at the surface. A constant supply of air The diver noimally avoids the bends 

The whalebone whales, of which the is pumped to him at a pressure corre- by a simpler method. He comes to the 
blue whale and the fin whale aie the sponclmg to his depth. He steadily ab- surface by slow stages and gradually 
largest, are toothless, but they are be- sorbs nitrogen until his body fluids and bieatlies out excess nitrogen. If his 
lieved to have descended from some tissues contain four times the normal ascent has been too fast and he collapses 
kind of primitive toothed whale. Primi- amount of the gas * on the deck of the mother ship, his com- 

tive whales, the archaeocetes, first ap- Now suppose that the diver is brought p anions put on his helmet, throw him 
peared in the Middle Eocene period to the surface in, a few minutes. During over the side, and lower him to a depth 
some 40 million years ago. Gradually, his stay on the bottom his body has ab- where the pressure will again cause the 
with the telescoping of the skull and the sorbed three extra quarts of nitrogen, bubbles of nitrogen to dissolve. In the 
development of a peculiar whalebone which must be released and breathed best diving operations the mother ship 
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is equipped with a picssmc ehambei . 
When the diver is brought to the surface, 
he is locked m the chamber and the 
pi assure is laised until he is sate and 
comfortable. The piessuie then may be 
giadually lowered. 

W ITHOUT a continuous supply of 
an or oxygen man cannot stay un- 
dei water for more than two to five min- 
utes. Although breathing oxygen before 
the dive will extend this time, the tact 
lemams that centuries of diving have 
not improved man’s ability to stay sub- 
merged. Diving animals of all kinds are 
much better at it. Laurence living of 
Swaithmore College has assembled the 
data in the table on page 54 It is obvi- 
ous that m general the bigger the animal, 
the longer it can stay under water. 
Irving calls attention to exceptions, the 
muskrat, the beaver and the gray seal, 
which are quite different m size but 
rather evenly matched in their ability to 
lemam submerged. 

The whales, ol course, hold all diving 
endurance records. The blue whale can 
submeige for 50 minutes, the speim 
whale, for 60 to 75 minutes The bottle- 
nosed whale— smaller, but a toothed 
bottom leeder— can stay down for two 
hours. 

The depth that divmg animals can 
attain also is significant. Men wearing 
diving suits and breathing helium and 
oxygen have withstood the pressure oi 
550 feet; in closed spheres, of coin so, 
they have gone deeper. Whales, on the 
other hand, can dive many hundreds ol 
leet without such devices. 

In 1933 the British Colonial Office 
issued a report by Alec Ii. Laurie that 
summarizes our scanty information 
about the depth and duration ol their 
dives. Little is known about the usual 
diving period of blue whales. When 
they are chased they usually hide be- 
neath the surface for periods of 10 min- 
utes or so, A harpooned blue whale may 
submerge for half an hour. It has been 
said that blue whales that have been 
harpooned but not vitally injured can 
dive almost vertically to 1,800 feet. This 
estimate appeals to be based on the 
length of harpoon line paid out, which 
is a poor measure of a whale's diving 
ability. A harpooned whale does dive 
almost vertically at first, and the line may 
seem to remain vertical afterward As 
the animal attempts to escape, however, 
the line may form a huge loop with the 
whale in front and the boat behind. 

The depths to which whales normally 
dive may be inferred from the habits of 
the creatures on which they feed. In the 
Antarctic large schools of whale food 
reach depths of 650 feet, although the 
greatest number of these organisms are 
found at about half that depth. One may 
assume that in normal feeding the blue 
whale submerges from 100 to 300 feet 
and stays down 10 or even 20 minutes. 



COMPARING the sizes of whales, the largest known elephant and one of the 
largest known dinosaurs shows that the whale is the largest animal ever to 
inhabit the earth. At the top is the blue whale. Below it is the sperm whale. 
Third is bottle-nosed whale. Fourth is the biggest elephant. At bottom is 
Brachiosaurus, a short-tailed but big-bodied dinosaur of the Upper Jurassic. , 
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Platypus 

10 minutes 


Sea elephant 

6 minutes 48 seconds 


Harbor sea! 

15 minutes 


Gray seal 

15 minutes 

.•O 

Muskrat 

12 minutes 


Beaver 

15 minutes 


Hippopotamus 

50 seconds 


Florida manatee 

16 minutes 20 seconds 


Sperm whale 

1-1 !4 hours 


Bottle-nosed whale 

2 hours 


Bowhead whale 

1 hour 20 minutes 


Greenland whale 

1 hour 


Common rorqual 

49 minutes 


1 

Blue whale 

50 minutes 


Finback whale 

Vz hour 


Fin whale 

20 minutes 


New Zealand 
humpbacked whale 

Not over Vz hour 


DIVING PERIODS of various aquatic mammals, originally compiled by 
Laurence Irving of Swartlimore College, are listed. The longest period of 
submergence is achieved by the relatively small bottle-nosed whale, which 
feeds on octopuses at the bottom. Aside from such exceptions, there is an ap- 
proximate correlation between the diving ability of mammals and their size. 


Speim whales and bottle-nosed whales 
ieed on octopuses, which live on the 
bottom, so they undoubtedly go deeper 
than whalebone whales. In 1931 a dead 
sperm whale was found entangled m a 
submaime cable that had broken at a 
depth of 500 fathoms, 01 3,000 feet. 

In 3 940 P. F. Scholander, working at 
the Univeisity of Oslo, attached lecoid- 
ing manometers to haipoon lines and 
found that fin whales dived to depths of 
284 to 1,164 feet after they had been hit. 
How long they remained at maximum 
depth could not be ascertained. The 
whale that made the deepest dive came 
to the surface and towed the whaleboat 
for half an hour befoie it was killed bv 
another shot. Another whale that was 
only slightly wounded dived to 753 feet, 
came to the suitace and, after four or 
five spoutings, suddenly died. This 
seemed rather like a case of the bends, 
perhaps resulting from the fact that the 
whale dived deep, remained at depth 
foi most of the period of submergence 
and finally came to the surface rapidly. 

There aie two pnncipal questions in 
whale physiology. Plow does a whale 
succeed in remaining under water for 
prolonged periods, even when doing 
hard muscuhu work? And how, m the 
great majority of cases, does it escape air 
embolism due to the blocking ol small 
blood vessels by bubbles of nitrogen? 

The first question may be appi cached 
by considering the breathing mechanism 
in man. Human bieathmg is initiated 
and regulated by the icspiiatory center, 
a gioup of neive cells m the medulla 
oblongata at the top of the spinal cord, 
and by nerve cells and fibers in the walls 
of the carotid sinus, a dilated channel Lit 
the bifurcation of the carotid aiterv, the 
principal vessel supplying blood to the 
bram. The respiratory center is stimu- 
lated strongly by the accumulation of 
carbon dioxide in the blood, the carotid 
sinus by a decrease in blood oxygen. 
When a divmg biid or a land or sea 
mammal submerges, bieathing stops au- 
tomatically. In a man, this cessation of 
breathing cannot last long because he is 
soon forced to bieathe by the stimulus 
of mounting carbon dioxide. Holding 
the breath causes caibon dioxide to dif- 
fuse into the blood, and within one or 
two minutes enough accumulates to pi o- 
duce an irresistible impulse to breathe. 
According to Irving, whales and other 
diving mammals are much more le- 
sistant to this effect. 

Whales have another adaptive mech- 
anism. In all animals, when exercise 
accompanies the cessation of breathing, 
carbon dioxide accumulates very rapidly 
as a result of the oxidations responsible 
for the energy of muscular contraction. 
Although a steady supply of oxygen is 
essential to the heart, to the brain and 
to nerve tissue in general, voluntary 
muscle can contract when there is very 
little oxygen in the blood. This is accom- 
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plished by drawing on a reserve somce 
of energy, the transformation of glyco- 
gen, 01 animal starch, into lactic acid. 
This muscular contraction without oxy- 
gen cannot, howevei, continue long, and 
it must be paid for by the intake of 
moie oxygen to restore the glycogen to 
the muscle cells 

The individual organism thus mcuis 
an oxygen debt which is paid by breath- 
ing when submergence is finished. Obvi- 
ously the ability to secuie such a loan 
may serve to peimit woik dui mg a 
period of oxygen deprivation, but since 
the brain and heart have no leseive 
souice of energy and are unable to func- 
tion without oxygen, some piovision 
must exist to keep them supplied with 
oxygenated blood. 

The brain and heait of the whale ap- 
parently escape asphyxia during pro- 
longed submergence because of leflex 
neivous leactions that occui when 
bieathing movements cease. The Bow of 
blood through the brain ma eases, due 
to the dilatation of ceiebral vessels, and 
circulation through the muscles de- 
creases. Increased carbon dioxide and 
decreased oxygen m the blood also cause 
a greater flow ol blood Lhiough the 
bram and a lesser How through the 
muscles, though this 1 alter cfiect is not 
oi great moment in woiking muscle. 
These leactions shunt blood iiom woik- 
mg muscles, wheie oxygen would be 
used rapidly, and preserve the oxygen 
for use m the bnun, wheie no oxygen 
debt can be meuned. They divide the 
whale into two parts, a muscular com- 
partment effective for woik, and a heait- 
and-brain compartment essential for life. 

A FINAL point m refeience to the 
duration of dives concerns the 
amount of oxygen a whale may take with 
it aftei its last inspiration at the surface. 
Even with the advantages of shunting 
blood ]ust descubed, a whale must have 
adequate oxygen to stay alive. Man pos- 
sesses little capacity to store oxygen. 
After a deep breath, the lungs of a 150- 
pound man contain 900 c.c. of oxygen, 
the blood, 1,150 c.c ; the tissues and 
tissue fluids, about 250 e.c. This makes a 
total of approximately 2,300 c.c. of avail- 
able oxygen. During very moderate work 
this supply lasts about four minutes. 

The Danish physiologist August Krogh 
has estimated the oxygen capacity of a 
whale He calculated that an 89-foot 
blue whale weighing 268,409 pounds 
had an oxygen storage capacity of 
2,800,000 c.c., and that swimming under 
water at three knots it consumed 53,000 
c.c. of oxygen per minute. Thus it stores 
enough oxygen for a 50-minute dive 
without overexertion. The figure checks 
well with the various estimates of how 
long a blue whale can stay under water. 
In normal feeding the whale usually re- 
mains submerged for 10 to 20 minutes, 
then surfaces and blows four or five 


times to fill its lungs completely with 
fiesh an. 

Whales, as contrasted with man, stoie 
proportionately greater amounts of oxy- 
gen in their lungs, blood, respiratory 
pigments, muscle and fat. They also pos- 
sess another storage mechanism net- 
works of small arteries and large veins 
embedded m fat at the base of the biain, 
m the chest and m the legion which 
corresponds to the giom m man. These 
networks, called retia mirabilia , consti- 
tute a veiy considerable leservon of 
oxygenated blood surrounded by fat, m 
which oxygen is quite soluble. The 
blood is satuiated with oxygen, and fur- 
ther supplies of oxygen can diffuse into 
ll horn the sunounding fat 

The second of our questions— how 
whales avoid an embolism— is fully as 
interesting as the first. We have noted 
that the body of a divei at 100 feet con- 
tains four times moie dissolved nitrogen 
than it does at the surface. Obviously 
two factors deteimme the amount of 
oxygen dissolved from the lungs into the 
blood. The first is the depth leached, 
and the second is the length of time the 
divei stays at this depth. It a man le- 
mams for an hour at 100 feet, he must 
be bi ought up very slowly to bieathe 
off the excess nitiogen that has accu- 
mulated m his body. Here the whale has 
a physiological advantage. With sub- 
mergence and with the shunting of blood 
from muscles to more vital paits, the 
whale's heait slows and the flow of 
blood thiough its lungs is reduced. Thus 
less nitrogen dissolves into the blood 
from air m the lungs than at the surface, 
where the heart beats more rapidly. 

Time is requited for nitrogen to enter 
blood from the lungs. If a diver's stay 
at depth is brief, he may ascend very 
rapidly and experience no ill effects. 
A. R Behnke of the Naval Medical Re- 
search Institute has found that a diver 
can go down to 300 feet, remain one 
minute and come to the surface at a late 
of 25 feet a minute without suffering 
bends. He may remain at 100 feet for 
25 minutes and return to the surface at 
a similarly rapid rate. 

The situation of the diver is quite dif- 
ferent from that of the whale, m that 
he is receiving surface an* pumped to 
him at a pressure corresponding to his 
depth. The arr-absoibmg surface of his 
lungs remains the same as it is out of 
watei. The whale, on the other hand, 
takes its air down with it and can obtain 
no more until it again surfaces. The 
round, well-supported chest of the whale 
can doubtless sustain great pressure 
without diminishing in size, but this is 
not true of its abdomen. As the whale 
dives deeper and deeper its abdomen is 
compressed, its diaphragm is forced up 
and its lungs become smaller and 
smaller. The diving whale's lungs con- 
tain only the nitrogen of the air breathed 
at the surface. There is no continuous 


supply of nitiogen under pressure to 
multiply the amount of the gas dissolved 
m its blood and tissues. 

On the other hand, the whale has a 
vast reseivoir of fat in its blubber. This 
has poor circulation, has no function 
immediately vital to the whale, and has 
a marked capacity for nitrogen solution. 
Our best explanation at the piesent time 
as to why whales rarely suffer air em- 
bolism is that the alveoli, or air sacs, of 
the lungs are continuously compressed 
as the animal goes down and then* walls 
aie thickened, lendermg absorption of 
nitiogen taken from the surface increas- 
ingly difficult. The slowed cii dilation 
during submergence also lessens absorp- 
tion. 

HEN a whale emerges from a dive, 
Its circulation accelerates with the 
moie rapid beat of its heart, and its lungs 
return to normal size. These reactions 
probably cause mti ogen to be eliminated 
so rapidly that the blood cannot become 
satuiated with the gas to a point where 
bubbles would form. Although excess 
nitrogen dissolved m blubber may not 
be able to diffuse into nearby blood 
vessels rapidly enough to prevent some 
localized bubbling, the effect can do no 
harm unless it occui s on a laige scale. 
The bubbles will gradually disappear 
when the whale rises to the surface. 
Scholander showed that a seal lowered 
to 984 feet in three minutes and drawn 
up in nine minutes— a total diving period 
which is not unusual for this animal- 
died promptly fiom bends. He also re- 
ported, as previously indicated, the 
death of a fin whale from the same cause. 
Thus it appeals that divmg mammals, 
extraordinarily adapted as they seem to 
be to survive prolonged submergence, 
are not completely immune to bends. 

Laurie has reported finding spherical 
microorganisms in the blood of Ant- 
arctic whales, both the blue and fin 
varieties. These minute creatures caused 
the disappearance of nitrogen from 
blood and culture media. He suggests 
that they may be important in reducing 
the amount of the whales 5 dissolved 
nitiogen, particularly m repeated dives, 
and so diminishing the danger of bends. 
While Laurie's findings and suggestions 
are attractive, they have not been con- 
firmed and we are left with the conclu- 
sion that whales, and divmg mammals 
m general, differ from man in their re- 
sistance to the lack of oxygen and to 
dangerous bubble formation because 
of specialized quantitative differences in 
their physiological capacities, and not 
because of mechanisms representing 
new and unusual developments. 


Cecil K Drinker 3 now retired , 
was formerly professor of phys- 
iology at the Harvard Univer- 
sity School of Public Health . 
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by I. Bernard Cohen 

Scientists and Amateurs The His- 
tory of the Royal Society, by 
Dorothy Stimson. Hemy Schuman 
($4.00) 

Sons of Science. The Story of the 
Smithsonian Institution and its 
Leaders, by Paul PI Oehser. Hemy 
Schuman ($4.00). 

T HE recent publication of histories 
of the Royal Society of London and 
of the Smithsonian Institution fo- 
cuses attention on two important prob- 
lems of organized science the relation 
of government to the scientific enter- 
prise, and the function of scientific insti- 
tutions. 

The sine qua non of scientific progress 
is the publication and dissemination of 
the results of research. Today at least the 
facilities for such dissemination are avail- 
able, although m piactice communica- 
tion is restricted by the existence of 
"industrial secrets” and by the increasing 
number of topics classified for national 
security. Until very recently, a grave 
concern was the almost unmanageable 
flood of new material; much thought had 
been given to better abstracting sei vices, 
cheaper and moie readable formats, and 
the new processes (e g,, microfilm) that 
seemed in some instances about to re- 
place printing altogether. 

Before the late war a scientist who 
wanted to publish a paper on recent 
work simply chose one of many appro- 
priate journals. That a great numbei of 
journals are published by academies, so- 
cieties, and other groups, is m itself 
evidence of the large-scale aspect of 
modern scientific enterprise. This, how- 
ever, is a relatively recent development. 
We have only to go back some 300 years 
to find a time when there were no scien- 
tific journals at all and when the publi- 
cation and dissemination of the results 
of scientific research presented a difficult 
problem for die investigator. Much of 
the story is told m Dorothy Stimson s 
new history of the Royal Society. 

As a sample of scientific communica- 
tion diree centuries ago, consider how 
young Blaise Pascal learned about die 
exciting new discoveries of Galileo's pu- 
pils Torricelli and Viviani, who had just 
made the famous experiment demon- 
strating the effects of air pressure. Pas- 
cal's brothfer-m-law Perier informs us 
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Tivo historic scientific institutions and their place 
in the development of science in the U. S. and England 


that the fust man in France to learn of 
the famous “Torncellian experiment,” 
made with a glass tube and a dish of 
mercury, was Father Mersenne of Paris 
He leceived the news by letter from 
Italy m 1644 and immediately passed it 
on to his many correspondents, the le- 
sult was that it took two years lor the 
expei iment to become "famous through- 
out the country to the admiration of all 
scientists.” One of those who heaid of 
the work from Mersenne was Piene 
Petit, Chief of the Department of Foiti- 
fications, who in turn told Pascal about 
it. Pascal and Petit reproduced the ex- 
periment in Rouen m 1646 and, m the 
lollowmg yeais, Pascal made his own ex- 
periments extending the Italian studies. 

At the same time, m 1645, a gioup ol 
young men in London felt the need of 
learning the news in science by a better 
means than leltcis, a chance encounter 
with a new book or tiact, or the umelia- 
ble accounts of travelers. They formed a 
kind of weekly luncheon club to slmie 
and discuss what each had learned. The 
conversation was limited to the "new 
science”; "Physick, Anatomy, Geomctiy, 
Astronomy, Navigation, Staticks, Me- 
chamcks, and Natural Experiments.” 
(". . . we barred all Discourses of Divin- 
ity, of State- Affairs, and of News other 
than what concern'd our business of 
Philosophy.”) They discussed the circu- 
lation of the blood, the Copernican uni- 
verse, comets, the satellites of Jupiter 
that had been discovered by Galileo, 
telescopes, the weight of air, falling 
bodies and kindred subjects. Robert 
Boyle refeired to the group as “the in- 
visible college,” and it has been known 
by that name ever since. 

During the years of Cromwell, some 
members of the group went to Oxford, 
where they replaced certain loyalists, 
aftei the Stuait Restoration in 1660 they 
in turn were lemovecl, and they re- 
joined theii former associates in London. 
It was now decided to create a more 
formal organization and to attempt to 
gain the patronage of King Charles II; 
the successful outcome of this plan 
marked the official establishment of the 
Royal Society in 1662. Although the new 
society was favored by royal patronage, 
it received no royal funds for its many 
undertakings. 

Soon after the establishment of the 
Royal Society an extensive and regular 
correspondence was begun among the 
members, their friends, and interested 
parties, both in England and abroad. In 
contrast to the letters from Mersenne 
to his friends these were not personal 


letters, hut rather “epistolaiy disseita- 
tions ” The method was laborious and 
cumbersome, and it did not serve when 
the inevitable aiguments aiose over 
piioiity m discovery. Hence there was 
founded a Society journal, The Philo- 
sophical Transactions of the Royal So- 
ciety, known thioughout the English- 
speaking world as “Phil Trans.” The 
journal was at fiist a piivate venture on 
the part of Oldenbuig, the Society's fiist 
secretary. It was almost as ii it was easier 
lor Oldenburg to print a kind of monthly 
report on the activities of the Royal So- 
ciety than to write a detailed letter to 
Spinoza and many other coi respondents 
who wanted to know what was going on. 

The author of the present histoiy of 
the Royal Society was foi many yeais 
Dean of Goucher College and is at pies- 
ent chairman of the Goucher history 
department. She has long been inter- 
ested in the pioblem ol educating young 
women m science by means of history, 
and she has for many years taught a 
well-known course on the history of 
scientific ideas. Trained as an historian 
lather than as a scientist, she brings to 
her book a wealth of knowledge and in- 
sight into the development of ideas and 
the relation of science to culture. The 
title of her book reflects the early charac- 
ter of the Society: it included men who 
were scientists m the present sense 
(Hooke, Wallis and Boyle) and also 
those who either dabbled m science or 
who were at least sufficiently enamored 
of the "new philosophy” to tiy learning 
how the world could be understood by 
experiment rather than by syllogism. 

The author desciibes in great detail 
the early years of the Society. Hex ac- 
count of the period illuminates its per- 
sonalities and issues; but I have the feel- 
ing that the background of history, 
ideas, personalities and administrative 
events has swallowed up the achieve- 
ments of the Fellows of the Royal So- 
ciety. In 1663 Robert Hooke drew up 
the following memorandum. 

"The business and design of the Royal 
Society is. 

"To improve the knowledge of natu- 
ral! things, and all useful Arts, Manufac- 
tures, Mechanick practises, Engines and 
Inventions by Experiments— (not med- 
dling with Divinity, Metaphysics, Mor- 
alls, Politicks, Grammar, Rhetoric or 
Logick) . 

"To attempt the recovery of such al- 
lowable arts and inventions as are lost. 

"To examine all systems, theories, 
principles, hypotheses, elements, histo- 
ries, and experiments of things naturall, 



mathematicall and mechanicall, invent- 
ed, recorded, or practised by any con- 
sideiable authors ancient or modern. . . 

This was a concise statement of the 
aims of the new body; I, foi one, would 
have liked Miss Stimson to have shown 
the extent to which they were realized. 
One of the interesting aspects of Hooke’s 
account is that it shows the considerable 
degree to which the aims of the new 
Society were mspned by Fiancis Bacon 
who m his New Atlantis had described 
a visionary scheme for assembling and 
studying scientific information of all 
sorts Bacon also influenced the Society 
by his insistence on the importance of 
applying science to practical arts 

By the 18th century the Royal Society 
was moie of an accepted body than it 
had been a hundred yeai s earlier. While 
most of the conti oveisies that maiked its 
foundation had died out, at least one 
worthy opponent of the Society, “Sn” 
John Hill, mercilessly exposed some of 
the absurdities and trivia that appeared 
in the Philosophical Transactions— a de- 
scription of a meiman, the transmuta- 
tion of water into maggots, and “in- 
contestable proofs of a strange and sur- 
piising fact, namely, that Fish will live 
m Watei.” Although at this time the 
membership was far from being confined 
to scientists in the slnel sense and the 
Philosophical Transactions published 
some nonscience and nonsense, a good 
proportion of the Society’s activities and 
publications were devoted to good sci- 
ence. Furthermore, by publishing papers 
from colonials the Society acted as a sci- 
entific center for the whole Empiie. It 


was to a laige degree lesponsible for the 
scientific activity of many Americans, 
including Benjamin Franklin. 

The author points out the importance 
of the Royal Society to colonial science, 
but her account is weakened by neglect 
of the true scientific achievements of the 
colonial Fellows of the Royal Society, as 
well as of latex Americans. Had she wilt- 
ten, for example, that Cotton Mathei 
contributed the eailiest recoided obser- 
vation of plant hybridization, and that 
he was the author of the first general 
book on the sciences by an American, his 
election to the Society would take on 
more significance We aie not told that 
Thomas Brattle’s astronomical observa- 
tions weie used and acknowledged by 
Newton m his Pnncipia , also omitted, 
for the later period, is anv mention of 
Benjamin Peirce’s (misspelled as Pierce) 
gieat original conti lbutions to mathe- 
matics, or the fact that Nathaniel Bow- 
ditch’s reputation as a scientist depended 
moie on his translation and annotations 
of Laplace’s Mecaniquc celeste than on 
his Practical Navigator. 

As science itself became an established 
and clearly defined profession, it was 
clear to many Fellows that the Royal 
Society must rid itself of dilettantes and 
amateurs. Begun in the 1880s, the trans- 
formation of the Royal Society into a 
truly professional scientific body coin- 
cided with the growth of the British As- 
sociation for the Advancement of Science 
and with the period of lefonn in British 
government and life. 

We need not follow the authoi’s story 
into the lecent past and the present. It 


must be said that the early pait of the 
book is more exciting than the latter, 
which becomes almost completely an 
account of administrative developments. 
Indeed, the book invites criticism for the 
extent to which it is an administrative or 
anecdotal history. Writing more for the 
layman and the histoiian than the scien- 
tific specialist, the author has devoted 
relatively little space to the scientific 
leseaich of the Fellows of the Royal So- 
ciety and to Society-sponsored investiga- 
tions and expeditions 

Leibnitz appears only once m these 
pages, as a constructor of calculating 
machmeiy, not a single line being de- 
voted to his place m the “age of genius” 
(the discussion of which occupies more 
than a third of the book) . There is no 
leference to the famous quarrel as to 
whether Leibnitz or Newton devised the 
calculus. Furthermore, the role of the 
Royal Society m the history of science, 
as well as m the history of Western cul- 
ture and civilization, could have been 
made much clearer by some parallel ac- 
counts of the activities and histories of 
other scientific academies 1 . 

T HE story of the Smithsonian Institu- 
tion, written by Paul H. Oehsei, 
helps fill a long-felt need for adequate 
histones of American scientific institu- 
tions. Oehsei has been affiliated with the 
Smithsonian since 1931, as Assistant 
Chief of its Editorial Division. Pie wisely 
begins his histoiy by describing what the 
Smithsonian is and does today, and 
showing how the teims of James Smith- 
son’s will have been realized. Smithson 



U. S. NATIONAL MUSEUM, which is one of the Smith- General William T. Sherman, who was Regent and 
sonian Institution’s 10 “bureaus,” was under construe- Chairman of the Building Committee. Fourth from the 
tion in 1879. Second from left in this photograph is left is Spencer F. Baird, Secretary of the Smithsonian. 
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desired “to found at Washington an In- 
stitution for the inciease and diffusion 
of knowledge among men,” and the fol- 
lowing 10 “bureaus” today make up the 
Smithsonian family (paitly 01 wholly 
supported by Congressional appropria- 
tions) : the U.S. National Museum, the 
International Exchange Service, the As- 
trophysical Observatoiy, the National 
Collection of Fine Aits, the Bureau of 
American Ethnology, the National Zo- 
ological Park, the Fieei Galleiy of Art, 
the National Galleiy of Art (under a 
separate board of trustees) , the National 
Air Museum, and the Canal Zone Bio- 
logical Area. 

The histoiy of the Institution begins 
with a short biographical sketch of the 
strange man who founded it Smithson 
was the illegitimate child of the first 
Duke of Northumberland; his mothei 
was descended hom Henry VII. A pre- 
cocious student of science, he was elected 
a Fellow of the Boyal Society of London 
11 months after he leceived a Mastei of 
Arts degree from Pembroke College, Ox- 
ford, m 1786, Smithson bitterly lesented 
the loss of his ducal birtlnight— a resent- 
ment reflected in the following comment 
from one of his manuscripts: “The best 
blood of England flows in my veins* on 
my father’s side I am a Northumberland, 
on my mother’s, I am related to Kings, 
but this avails me not. My name shall 
live m the memory of man when the 
titles of the Northumberlands and the 
Percys are extinct and forgotten,” 

Smithson left his entire property to his 
nephew, but for some reason that has 
nevei been ascertained he decided that, 
if the latter had no children, all but a 
small annuity should go “to the United 
States of America” foi an institution. 
Smithson died in Italy in 1829, and 
when his nephew died six years later 
without wife or children the U.S. fell 
lieii to an estate worth about half a mil- 
lion dollars. President Andrew Jackson 
announced the gift to Congress on De- 
cembei 17, 1835. That started 10 yeais 
of debate and discussion over the form of 
institution to be established. 

Oehser describes the actual organiza- 
tion of the Smithsonian Institution in a 
chapter devoted to its first Secretary, 
Joseph Henry. The treatment here, fol- 
lowed closely in the succeeding chapters, 
is to give a thumbnail biographical 
sketch of the man, then an account of his 
scientific work and reputation, followed 
by a story of what happened in the In- 
stitution during his tenure of office. Thus 
the main part of Oehser’s history falls 
into chapters devoted to Henry and his 
successors: Spencer Fullerton Baird, 
Samuel Pierpont Langley, Charles D. 
Walcott and C. G. Abbot, and another 
chapter for Charles Brown Goode, who 
is chiefly responsible for the direction 
followed by the new National Museum. 

Under Joseph Henry's guiding hand, 
the Smithsonian set out to increase 
knowledge by stimulating men of talent 

58 


to do oiigmal lescaich, offenng levvaids 
l or such activity and publishing the re- 
sults m a senes oi mentions aptly called 
Smithsonian Conti ihutions to Knowl- 
edge Hemy’s plan was adopted in 1847 
and the Institution was ready to go to 
work. Anieuea now had a national scien- 
tific institution, but notice that it was the 
lesult ol a pnvate gift lather than a gov- 
ernment expenditure 

It is gieatly to be legretted that 
Oehsei, by wilting hugely m terms ol 
peisonalities, has neglected the bioad 
historical background so skillfully woven 
into Dorothy Stimson’s history of the 
Royal Society Greatei emphasis might 
well have been given effoits before 1847 
to mteiest the U.S Government in spon- 
sonng scientific activity. Thioughout the 
first half of the 1 9th century several at- 
tempts weie made to form a national or- 
ganization for the advancement of 
American science with Federal support 
and patronage. All these attempts failed. 
The Smithsonian was a different kind of 
body, a soit of private foundation within 
the Federal stiuctuie. Over and over 
again men like Joseph Henry, Alexander 
Dallas Baclie, and Charles Heniy Davis 
pointed out the need for a truly national 
scientific body, as opposed to piivate oi 
semilocal autonomous gioups such as the 
Ameucan Philosophical Society in Phila- 
delphia and the American Academy of 
Arts and Sciences in Boston, England 
had its Royal Society, France its Acade- 
my of Sciences, but where was a similai 
body for the U.S.? While the failure to 
establish a National Academy of Sci- 
ences until the Civil War may be due in 
part to a fear of centralization in govern- 
ment, it also reflects the impotence of 
American science in general and the low 
opinion of reseai ch in the minds of all 
but a very few national leadeis. 

During the early days of the Civil 
War, and before the establishment of the 
National Academy ol Sciences, the 
Smithsonian undertook many kinds of 
wai research It was again diawn into 
such woik during the Spanish- American 
Wai, Its secretary was Langley, known 
for his woik on the heat-measm mg 
bolometer, solar radiation and other as- 
pects of astrophysics. He had just com- 
pleted his experiments on flight and, hav- 
ing built a small model which flew under 
its own power for a very short distance, 
undertook to construct a full-sized ma- 
chine for the War Department. The 
failure of this attempt won it the nick- 
name “Langley's folly,” and later in- 
volved the Smithsonian in a heated 
priority argument with the Wright broth- 
ers. Fortunately for all concerned Dr. 
Abbot, who recently retired as Secre- 
tary, made the necessary amends, and 
established the claims of the Wright 
brothers without impugning Langley’s 
actual contribution. 

The limited scope of Oehsers book 
has not permitted him to evaluate the 
different activities of the Smithsonian 


Institution and to compare them with 
those of other gioups. The stoiy is told 
m isolation, almost as if it weie an his- 
toncal guidebook. It serves the welcome 
pui pose, however, ol lecording the woik 
of a majoi scientific institution and 
piovidmg a convenient and loadable 
ci oss section of the history of Ameucan 
science. 


I, Bernard Cohen is instructor in the 
history of science at Harvard Uni- 
versity and managing editor of Isis. 


T orchbearers of Chemistry, by 
Henry Monmouth Smith. Academic 
Pi ess, Inc ($8.00) An intei esting col- 
lection of some 250 poitiaits of the major 
contributors to modem chemistry. Theie 
are brief biogiaplncal notes and a useful 
bibliogiaphy of biogiaphies. Figuiative- 
ly, if not liteially, the lives and habits 
of most ol these men and women aie 
well described in Paiacelsus 7 lines. “For 
they are not given to idleness, noi go m 
a pi oud habit, or plush and velvet gar- 
ments, often showing their rings upon 
theii fingeis, or wearing swords with sil- 
ver lnlts upon theii sides, or fine and gay 
gloves upon their hands, but diligently 
follow then labors, sweating whole days 
and nights by then furnaces. . . They 
put their fingeis amongst coals, mto clay 
and filth, not into gold rings. They are 
sooty and black like smiths and collieis. 
and do not pride themselves upon clean 
and beautiful faces.” 

N ew Worlds Emerging, by Earl 
Parker Hanson. Ducll, Sloan and 
Pearce ($3.50). Piofessoi Hanson takes 
the blight view m this geo-economic and 
geo-political study. The fear of war, he 
thinks, is greatei than the threat, man 
is in no danger of starvation, and the 
road to survival is bioad and certain; 
neither capitalism nor hee enterprise are 
doomed, though they must adjust to the 
lequirements of a gi owing woild, vast 
areas m the North, m Africa and in Latin 
America, which men have just begun to 
develop, hold resoiuces sufficient to meet 
every ioieseeable need of the colored as 
well as the white laces. Although the 
cliches are pietty thickly spread, this is 
a cheerful and not umeasonable book, 

H istorical Introduction to Mod- 
ern Psychology, by Gardner Mui- 
phy. Har court, Biace and Company 
($6.00) . A revised arid considerably en~ 
laiged edition of a work highly regarded 
since its first appearance in 1929. Dr. 
Murphy has brought his book up to 
date by adding chapters on behavior- 
ism, modern conceptions of association, 
Gestalt, field theory, Freud, and other 
material about the newer directions of 
research in child psychology, social psy- 
chology, intelligence measurement and 
the like. The newness of at least one 
of the more recent departures is set in 



perspective by Murphy’s quotation fiom 
Aristotle. “Well-educated physicians, at 
any rate, say that we should pay close 
attention to dreams ” An excellent study 
of the background of the most conti over- 
sial and fluid of contempoiaiy sciences. 

E ncyclopedia of Criminology, ed- 
ited by Vernon C. Branham and 
Samuel B Kutash. Philosophical Lilnaiy 
($12.00) Photography in Crime De- 
tection, by J. A. Radley. Chapman and 
Hall Limited, London (21 shillings). 
The hist of these books has contiibutions 
by leading authorities on a variety of 
subjects related to the natuie, causes, 
prevention and tieatmcnt ot crime. It 
luns from abandonment, abduction and 
abortion through hanatry, embraceiy, 
the FBI, Fieud, Hippolyte Viliam, n re- 
sistible impulses, manhuana, pedophilia, 
prison management, treason, voyeurism, 
the Wild Beast Test, and youth collec- 
tion. It becomes quite cleai from these 
pages that if a policeman’s lot is not a 
happy one, neither is that of the consci- 
entious judge, warden or other specialist 
seeking to deal fairly with the problems 
of crime. Subject to the usual limitations 
of works of this kind, the articles being 
uneven and maiiy of them so brief as to 
be almost meaningless, this is a useful 
compendium of widely scattered knowl- 
edge. The bibliographies are distinctly 
helpful Radley’s book is lull ol stufl 
which should appeal no less to the home 
detective than to the professional sleuth. 
It consists m photographs ol time bombs, 
booby traps, weapons, countcifeil coins, 
forged wills and othei documents; ex- 
amples of the use ot ultiaviolet and 
infraied light and photomicrography m 
investigating cases of assault, bui gl ary, 
murder and lape; and an accompanying 
text describing, with lefeience to numer- 
ous actual incidents, methods used by 
British and American police. 

S weeper in the Sky, by Helen 
Wright. The Macmillan Company 
($4.00). A shoit, mostly personal biog- 
raphy of Maria Mitchell (1818-1889), 
America’s hi st “lady astronomeress.” 
Born m Nantucket of Quaker paients— 
her father was an amateui astronomer of 
considerable skill— she was largely self- 
educated, became famous at 29 for dis- 
covering the comet latei named after 
her, was a computer foi the Nautical 
Almanac and the Coastal Survey, the 
first and beloved professor of astronomy 
at Vassal* Female College, and a leader 
in the womens lights movement of her 
day. Of this admirable, honest and 
lonely woman, who long “lived alone 
with her constellations,” theie is a charm- 
ing description by Julian Hawthorne, 
Nathaniel’s son (she knew the family 
well, having traveled with them abroad) : 
She had ... “a fine, aromatic New Eng- 
land quality ... a woman of unusual in- 
tellect and character . . . [with] an im- 
mense, healthy curiosity ... a great flow 


of native, spontaneous humor ... old 
fashioned yet full of modem impulses 
and tendencies. Though bold as a lion, 
she was nevertheless beset with the 
funniest feminine timidities, and mis- 
givings, due mainly, I suppose, to her 
unfannlianty with the ways of the 
world.” Revei ential and somewhat over- 
wiitten, with a heavy dose of exclama- 
tion marks, but an intei estmg hook. 

T he Sphere of Sacrobosco and Its 
Commentators, by Lynn Thorn- 
dike. Umveisity of Chicago Pi ess 
($1000). Professor Thorndike, noted 
foi his medieval studies, among them the 
monumental A History of Magic and Ex- 
perimental Science , has edited the Latin 
text, with contemporaiy commentaries 
and English translation, of this famous 
astronomical and cosmo graphical work, 
John of Saciobosco, thought to have 
been bom m the English town ol Holy- 
wood, wrote his tieatise on spheres 
(material and “supei celestial” ) , circles, 
planets, “diverse localities” and their 
“climes,” and the “causes of eclipses,” m 
the early part of the 13th century while 
teaching at the university m Paris, the 
city wheie he spent most of his life. Its 
“cleai, rapid” and elemental y presenta- 
tion led to the adoption of the work at 
Pans, Vienna, Prague, Oxford, Bologna 
and othei universities, where foi foui 
centuries it remained the standaid read- 
ing and lectuie text prerequisite for the 
Bachelor oi Master of Arts degree. Of 
the numerous commentaries, modifica- 
tions and successor treatises, seveial 
principal examples are now repiinted. A 
scholarly book, of first importance to the 
historian of science 

T he Chemical Arts of Old China, 
by Li Ch’iao-p’mg. Journal ot Chem- 
ical Education ($5.00). In the category 
oi vague beliefs widely held, theie is one 
(folklore about the Mysterious East) to 
the effect that much of applied science 
as known 50 years ago had been antici- 
pated by die Chinese long befoie the 
Middle Ages. The author ot this book, 
professor of chemistry at National North- 
eastern University in Mukden, dispels 
this romantic notion, though he supports 
the claim that at least one contemporary 
blessing, gunpowder, was invented dui- 
mg the Sung or Southern Sung Dynasty 
m the 12th century. Somehow it then 
found its way to the Arabs, to Roger 
Bacon, to Berthold Schwartz and to the 
battle of Crecy. The author’s overly brief 
but interesting history describes various 
branches of ancient Chinese chemistry, 
including alchemy (as befits true wis- 
dom, the Chinese alchemists were more 
interested in making chin tan , an elixir 
to prolong life, than in making gold), 
metallurgy, salt-making, ceramics, pyro- 
technics, tanning, and the manufacture 
of lacquers, colors, wine, paper and in- 
cense. A handsome volume, copiously 
illustrated with plates and old cuts. 


"AN IMPORTANT BOOK... 

The full story . . . 

The first comprehensive picture.” 



By THEODOR R0SEBURY 

■ “Most Americans, like myself, 
will be thankful indeed for this 
book . . . This is a dependable 
document on the subject, 
available to anyone with or 
without a medical or biological 
background . . . Dr. Rosebury 
courageously gives us facts and 
enough of the scientist’s philos- 
ophy to be able to understand 
them ” — Dr, David Bradley, 
author of No Place to Hide, in 
the N . Y. Herald Tribune Book 
Review 

At all bookstores * $2.75 

WHITTLESEY A Division of the 
HOUSE McGraw-Hill Book Co,N.Y. 
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posts of a Professor of Physics and a 
Professor of Zoology for the Univei- 
sily of Allahabad (India). 

The applicants must possess high 
academic qualifications with at least 
five yeais teaching experience in a 
University. They must have an estab- 
lished leputalion for scholarship, re- 
search and teaching ability m the sub- 
ject of Physics. The Professor, as the 
Head of the Depaitment, is respon- 
sible for the organization of the dif- 
feient eouises in his subject. He may 
he required to teach both postgradu- 
ate and undergraduate classes. He 
should be able to guide and conduct 
research at least up to the D.Sc. De- 
gree stage. 

The pay will be in the scale of Rs. 
800-50-1250 with benefit of University 
Provident Fund under the rules A 
higher starting salary and grade for 
the post of Physics Professorship may 
be given to a candidate of exceptional 
merit. 

The posts are permanent but the 
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timonials and publications should 
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Conducted by Albert G. Ingalls 

AS a lesult of the lecent sale of a 
Luge numbei of wai-suiplus Pyiex 
»- telescope blanks with the uncom- 
monly laige diametei of 16 inches, 16- 
inch telescopes should soon become 
fairly common among amateurs With 
smallei sizes it is customary to grind the 
miiror disk against a tool disk of equal 
diameter, but to stroke one 50-pound, 
16-inch disk across another requires 
more brawn than many possess. 

Dr. Robert E. Smith ol Sacramento, 
Calif , has devised a simple, workable 
way to reduce the weight of the disk any 
desired amount by means of a variable 
counterweight As shown m the illustra- 
tion on the opposite page, the counter- 
weight is a receptacle suspended from 
a steel cable over two pulleys at ceiling 
height It is attached to the mmoi by 
suction cups of the kind used to fasten 
skis to automobile tops 

‘‘When dampened with glyceune 
these cups leallv stay put,” Dr. Smith 
reports, “yet they are easily removed 
with a knife blade.” Just above the cups 
is an attachment for the cable, consisting 
of a ball-and-socket joint and a small 
tapered pm to facilitate detachment. 
Above this is a swivel, and then the 
cable. On the counterweight side of the 
cable is a scale for measuring the weight 
put into the receptacle beneath it. “My 
idea works,” Dr Smith declares. “I can 
handle the 16-inch disk as easily as I 
can an eight-inch in the ordinary way.” 

In further description of the illustra- 
tion, he adds, “The man seated at the 
grinding pedestal is Harold Simmons, 
president of our Sacramento Valley As- 
tronomical Society. A small motor near 
his feet slowly rotates the pedestal, so 
that he or I can grind m comfoit.” 

Instead of standing and walking 
around the grinding pedestal, Lyle A. 
Ellis of Spokane, Wash., enjoys the syba- 
ritic luxury of the mechanism shown in 
the illustration on page 62. “You sit,” he 
writes, “on the embroidered featbei pil- 
low at the end of the jib aim, and kick 
yourself around the pedestal, which is 
a length of three-mch pipe set deep in 
the earth To the top of the pedestal is 
welded a lla-inch pipe flange to receive 
the pipe fittings of the grinding tool ( and 
of the mirror, whenever it is desired to 
shallow the curve by working with the 
tool on top). Surrounding the central 
pipe, beneath the pan for catching drip- 
pings, is a length of five-inch pipe. This 
rides on a large ball bearing at its bot- 



tom. The lateial thrust foices due to the 
work ex’s weight aie transfened to the 
centi al pipe member through slots m the 
outei pipe, by means of two pairs of ball 
healings that are mounted on stub shalts 
welded to the outei pipe ” 

W. Ii. Newman of Ditchlmg, Eng- 
land, accomplishes the occasional lota- 
tion ol the tool by mounting it on top of 
a veitical spindle that has a broad wood- 
en disk near Hoor level which is turned 
occasionally with the feet 

The relatively simple anangement 
shown m the illustration on page 63, a 
sketch by the late Russell Portei, is used 
by James J. Pflaum of Dayton, Ohio. It 
enables the mmoi makei to sit in a chair 
with lus woik on another chair or a box, 
and gimd as good a mirroi as if he stood 
up and walked lound a pedestal, though 
he loses the fun of building a more elabo- 
rate rig If now and then he unhooks the 
spring lod and lotates the mirror, he will 
get good results. 

Rotating the rmiroi oi “walking lound 
the baud” can be greatly oveidone, 
though no harm will result and the work- 
er may even gam needed exercise. Until 
last-stage grinding neithci component 
motion need scaicely be thought of. 
Of the two, the lolalion oi the mnroi is 
the moic important. So long as no de- 
lib eiate pains aic taken to leplace the 
mirror always in the same position, acci- 
dent alone will rotate it enough, just m 
the way it happens to be picked up and 
replaced on the tool Increased caie may 
be taken toward the end of grinding, and 
again of polishing, to ensure that it is 
rotated fairly often 

Now comsider the tool. Suppose that 
it were never rotated at all and that the 
worker did not walk around it. As a result 
of the uneven application of pressure, 
it would grind too low on one side, but 
no great harm would be done. Devices 
for turning the mirror by exact angular 
fractions of 360 degrees have sometimes 
been devised These tend simply to de- 
feat the randomness oi the rotation when 
no thought is given to the matter. 

Some workers have taken the “ring- 
around-a-rosy” principle of grinding so 
senously as to perform a kind of dance, 
taking one step around the pedestal for 
each stroke of the hands. This is mostly 
superfluous, but it may keep the worker's 
weight down. During most grinding and 
polishing the author takes about 16 
strokes at each position without bother- 
ing to count the strokes. Even this is 
fewer than need be, but it changes the 
sceneiy 

An interesting contribution to the lore 
of telescope making might be made by 
some inquiring mind. First he would 
rotate neither mirror nor tool, and see 
just how astigmatic the mirror would 


come out. Then he would lotate the 
minor but not the tool, and me asui e the 
lunovei-heel effect on the tool. 

LIOEVER seeks to learn the best 
magnifying powers ioi telescopes 
should be prepared to do much scatteied 
leading, find vaiymg and conti adictoiy 
statements and m the end not find the 
concise, unqualified answei he probablv 
had hoped for. A correspondent of this 
department writes that he has been 
through all this, has waded through the 
liter atui e, found it vague and confused, 
but has finally found tom firma “This 
confusion,” he states, “is surpnsing, 
since there is a veiy simple mathematical 
formula, based on elementary physics 
and the anatomy of the human eye The 
answer is clear and definite. The piob- 
lem involves only two factors, the re- 
solving power of the objective and the 
acuity of the eye. 

“The resolving power of the normal 
eye is one minute ol aic. The best power 
of a telescope is attained by the combina- 
tion of objective and eyepiece local 
length that causes the resolving power oi 
the objective and eye to match. To de- 
leimme tli is we merely divide the 60- 
second lesolvmg power of the eye by the 
4.56 seconds per inch of apertiue of the 
familial* Dawes formula lor separating 
power There is only one definite answer. 
The best power is seen to be 13.16 times 
the apeiture of the telescope m inches ” 

The letuin to terra firma is indeed 
concise, and fiee from encumbering 
modifications of the kind that irritate the 
tidy mmd. If we examine the literature 
of observing, howevei, we find that ob- 
servers have been using magnifications 
far in excess of this rule— as high as 35 
or 40 diameters pei aperture inch of the 
telescope foi planetary observation, and 
even higher, 50 oi even 70 diameters per 
inch, for double star obseivation. 

Something must be wrong. It is this: 
the satisfying rule just stated refers only 
to the magnification that fully exhausts 
the objective's lesolvmg powei— its pow- 
er to bring out all the detail m tlie 
image it forms This is explained in 
D. H. Jacobs' Fundamentals of Optical 
Engineering , where the same figure, 13 
diameters, is leached. While this is not 
the figure at which we shall finally ar- 
rive, it is well worth remembering— pro- 
vided we also remember, first, that it is 
valid only for point objects having equal 
brightness, and second, that many as- 
tronomers do not accept the one-minute 
resolving power of the eye, which ap- 
pears to be based on ideal data obtained 
m the labgiatory by physiologists and 
ophthalmologists . 

The textbooks tell us that any magni- 
fication beyond this 13 diameters per 
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inch of aperture is “empty”, it brings out 
no new details of the image, no matter 
how much higher it is raised. The word 
empty has a ceitam connotation of the 
unworthy, and has sometimes been used 
m a deiisive sense. For example, a pro- 
posal received yeais ago by this depart- 
ment, to compound 10 compound micro- 
scopes and thus magnify a billion diame- 
ters, brought forth clension, foi this was 
empty magnification at its very woist. 

Nevertheless, the whole experience of 
observing astronomeis goes to prove that 
empty magnification of already resolved 
images needs no apology, but is even a 
necessity, up to the point wheie atmos- 
pheric conditions cause the image to 
lose more by blurnng than it gams by 
increased ease of vision — which is the 
kernel of the whole mattei. The bluiring 
point varies with the seeing conditions 
and somewhat with the aperture of the 
telescope. For amateur-size telescopes 
and ordinary atmosphere it runs from 
two to four times the resolving mag- 
nification of 13. A foimula for useful 
magnification quoted m L. Bell’s The 
Telescope is 140 times the square root 


of the apeiture. This would be 35 di- 
ameters per inch of aperture on a 16- 
mch telescope, 47 on a nine-inch and 70 
on a four-mch. This is not a rule, but an 
abstraction from the reports of expert 
double stai observeis who had set the 
magnification empirically wherever they 
found it best. Your own “rule,” similarly, 
is wherever you get the best results. 

In The Binary Stars, Director Robert 
G. Aitken of Lick Obseivatory empha- 
sizes “Use the highest powei the seeing 
will permit.” For the planets, the as- 
tronomer Reinaid Lyot found at Meudon 
near Pans that m a lefi acting telescope 
the minimum magnification to show the 
finest details accessible on the best nights 
was 37 per inch on a four-mch, 35 on an 
eight-inch, 27 on a 12-mch and 20 on a 
24-mch. In Arizona's atmosphere, on an 
18-mch refractor, Pei aval Lowell most 
commonly used 24 to 34 diameters per 
inch on planetary work. Lyot says that 
for planetary details, which geneiallv 
show low contrast, the limits used on 
double stars aie a bit too high. 

In this connection a statement by Dr. 
W. H. Steavenson of Cambridge, Eng- 
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land, in The Journal of the British As- 
tronomical Association is of interest 
£ Veiy few textbooks point out that the 
Dawes foimula is not applicable to 
planetary detail, or give the reason foi 
this. Cassini’s division m Saturn’s ling 
and the shadows of Jupiter’s satellites, 
both visible with apertures between two 
and three inches, are well-known exam- 
ples of the relatively superior lesolving 
powei of a telescope when applied to 
planets. Experiments have often been 
made on teriestnal objects also, and give 
similar results. Recently I have mysell 
found that a black dot on a white ground 
is visible when subtending an angle 
about one thud of that coi responding to 
the Dawes formula, and I find that Sir 
William Heischel obtained a similar le- 
sult in 1804. For a dark line, visibility is 
attained at an angle something like one 
fifth of the Dawes limit. The reason for 
the apparent discrepancy is, in the mam, 
the low intensity of the illumination of 
planetaiy sm faces, each element of 
which lias consequently a relatively 
small spurious disk.” 

I NVITED to contribute his experiences 
m observational woik to the present 
discussion, Holland R. LaPclle of Long- 
meadow, Mass , a well-known amateur 
astronomer, writes : 

“In estimating the resolving power of 
a telescope most of us lend to fall back 
on the classic expression of Dawes, an 
empirical formula relating the resolving 
power of its objective to its diameter, 
thus: R = 4.56/D, where R is the lesolv- 
mg power of the objective foi moderate- 
ly blight double stars expressed in sec- 
onds of arc of separation, and D is the 
diameter of the objective in inches. 

“Actually .this expression is conect for 
stars of only one coloi, the yellowish type 
G, similar to the sun. The expression may 
also be taken to represent the diameter 
of the spurious disk which is the stellar 
image, out to the center of the dark space 
midway between the disk and the first 
bright ring. The spuiious disk will, how- 
ever, be much largei, by a factor of at 
least two, for very led stars of type M 
and later, and smaller by an almost equal 
factor for very blue stars of type B. Fur- 
ther, the diameter of the spurious disk, 
as the eye perceives U , will be greater, 
because of irradiation, for very bright 
stais, and smaller, because of the lack of 
light, for very faint stars. Hence fox very 
bright blue, or moderately blight or very 
bright led stars, we cannot expect to 
reach Dawes’ limit, while for moderately 
bright blue stars (but not for faint ones, 
because of the deficiency of light) we 
may do considerably better than Dawes’ 
limit. 

“If we assume Dawes’ limit as a me- 
dian value, however, we may then ask 
what power will be necessary in our eye- 
piece to render the two stars visible. This 
factor again is uncertain, since the re- 
solving power of the human eye is a 
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much-disputed question It is said that 
the ophthalmologists base then charts 
upon the assumption that the eye can 
resolve objects separated one minute of 
arc. This may be tiue for nearby blight 
objects, but a seaich of astionomical 
textbooks yields a somewhat diffeient 
lesult J. C, Duncans Astronomy states 
that the astronomical resolving power 
of the eye is between three minutes and 
three minutes, 30 seconds, and uses a 
value ol thiee minutes. Bell, in a quite 
thorough discussion m The Telescope , 
states that those of: lairly keen vision 
can distinguish the two stars of Epsilon 
Lyiae, separated three minutes and 27 
seconds, while he has never known any- 
one who could sepai ate the two com- 
ponents of Asterope, two minutes and 
30 seconds apart. He then uses a value 
of five minutes m his calculations. 

“From my observations with a six-inch 
telescope, I believe my own constant is 
between two minutes, 30 seconds, and 
three minutes. It is important to state the 
diameter of the objective, since with a 
larger mstiument having greatei lesolv- 
ing power less magnification is required. 
Thus, while the closer pair m the double- 
double, Epsilon Lyiae, requires at least 
75 X in my six-incli, giving them a sepa- 
ration ol 75X 2.6 seconds or 195 seconds 
(three minutes and 15 seconds), they 
arc readily perceived in a 10-inch at a 
power of only 48X. This illustrates the 
well-known impossibility of setting up an 
absolute constant for all sizes of objec- 
tive, even though the constant supposed- 
ly refers only to the eye of the observer. 

“If, however, we aie dealing with stais 
separated by Dawes’ limit foi the partic- 
ular size of objective in use, then the 
spurious disks will be oi the same diam- 
eter, regardless of the objective size. If 
we assume that the average human eye, 
under these conditions, requires 200 sec- 
onds of separation for stars of median 
brightness and of yellow color, then the 
power required will be 200/ (4.56/D), 
or 44 D That is, to split stars at Dawes’ 
limit of resolution to a point where they 
may readily be perceived by the normal 
eye, the magnifying power must be 44 
per inch of objective diameter. 

“How does this check with the prac- 
tice of skilled observers? In The Tele - 
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scope Bell summai ize.s the findings of 
a paper by T. Lewis, published m The 
Observatory , m which that author tabu- 
lated the most often used powei of a 
large group of piofessional obseivcrs. 
With telescopes of moderate size powers 
around 50 per inch of apertuie weie 
usual, and now and then on special occa- 
sions up to 70 per inch weie used These 
weie trained professional observeis,most 
of them doing double star work, and 
using excellent equipment. 

“In my own work with a six-inch f 10 
reflector, I find myself using powers of 
30 and 44 diameteis per inch consistent- 
ly for close double stars and for Mats and 
Saturn. Foi stax elustcis, except globu- 
lars, and on nebulae, I generally use a 
powei of 34X, but these are not objects 
that requiie high lesolvmg powei, and 
the nebular and extiagalactic objects 
cannot be resolved anyway. For globular 
clusteis, however, wheie it is desired to 
resolve the individual stars, and where 
the bughtness of the stars is such as to 
make this possible with a six-inch teles- 
cope, the higher powei s are of course 
desirable. 

"Double star observing demands ti aim- 
ing of the eye, neveitheless, powei may 
sometimes be substituted for tunning, At 
the Stellafane convention in 1948 I tried 
to show seveial visitois a double star 
of one-second separation, Zeta Heieulis. 
This was peifectly clear to me at 180 
diameters (30X pei inch), but my visi- 
tors could not see it. I then laised the 
power to 46 X per inch, whereupon all 
those who had observational experience 
had no difficulty in seeing it. 

'Anothei expenence with the same 
six-mcli telescope may be of interest with 
regard to Dawes' limit. Yellow or blue 
stais of one-second separation may read- 
ily be split when the seeing is reasonably 
good and the star within 45 degrees of 
the zenith. Alpha Capricoim, a wide 
double-double very low in the south 
even at culmination, shows four stars 
very readily. One of these four, of 10.5 
magnitude, is itself a double, consisting 
of two stais of 1 1.2 and 11.5 magnitude, 
separated only 1.2 seconds. They are 
both yellow. This proved perhaps the 
most difficult object I ever attempted to 
separate, and was seen only with the 


gieatest difficulty on a veiv good night 
and at a power of 46 X per inch 

"At the other extreme is Gamma-Two 
Andromedae, the blue star of a wide 
yellow-blue pair. This fifth-magnitude 
star is itself a double, consisting of two 
stais, both blue, of about equal bright- 
ness at 5 4 magnitude, and sepaiated 
only between .5 and .6 second I have 
clearly seen this star as a double on at 
least tlnee occasions, when it was near 
the zenith on good nights At the same 
time the spunous disk of the third-mag- 
nitude yellow star Gamma-One Andro- 
medae fell within the field of view and 
had an appaient diameter gieatei than 
the two blue stais togethei This demon- 
stiates the effect of bughtness and coloi 
on the size of the spunous disk seen by 
the eye of the obsezver. It also shows, as 
Bell and others remaik, that foi small 
instruments undei good conditions, and 
loi moderately blight blue stars, the re- 
solving power may be much better than 
that indicated by Dawes’ limit, which 
would be about .77 second foi a six-mch 
objective. 

“My belief is that much of the distrust 
ol the amateur for high powers is due to 
inconect selection of eyepiece equip- 
ment. Most amateuis use Ramsden eye- 
pieces, which not only have a small field 
ol view and very poor eye relief, but also 
have considerable coloi abei ration, 
which absolutely pi events sharpness at 
high powei s I have standardized on or- 
thoscopic eyepieces with a 45-degree 
field of view, which are available at a 
moderate price, using the coated variety 
-to eliminate ‘ghosts’ and light loss. Foi 
high powers I use an achromatic, coated 
Barlow lens m conjunction with an ortho- 
scopic eyepiece of %-mch local length. 
The combination gives high power with- 
out ghosts, and with the same eye lelief 
normally obtained with an oithoseopic 
eyepiece of this focal length, In addition, 
the emergent pencil of lays is larger than 
would be the case with an eyepiece of 
short focal length, say, .22-inch, which 
would be needed to obtain equivalent 
power without the Barlow lens. 

“In sum it seems, from both theory 
and piactice, that to use the maximum 
theoietical lesolving powei of an objec- 
tive a power of 40 to 45 per inch of ob- 
jective diameter is required, to enable 
the eye of the average obseiver to per- 
ceive that which the objective is able to 
resolve. In my own experience and that 
of professional observers as well, such 
high powers do seive a useful purpose 
m observing double stars and also Mars 
and Saturn. Under certain favorable con- 
ditions, small telescopes may be made to 
perform considerably better as regards 
resolving power than is indicated by 
Dawes’ limit, although, as an average 
value for all types of stars, this limit 
probably represents a fairly accurate 
measure of resolving power in a well- 
constructecl reflector used with adequate 
magnification.” 
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Experimental or Produc- 
tion runs for Scientific 
Apparatus Fabricated in 
Glass, Quartz, Salt, Stain- 
less Steel. 


Our Flat Glass Department 
specializes in cutting, drilling and 
shaping surfaced or drawn flat 
glass to specification. 


Established 30 yea) s 


A. D. JONES OPTICAL WORKS 

2400 Massachusetts Avenue 
Cambridge 40 Massachusetts 


WAR SURPLUS BARGAINS 

ASSEMBLE YOUR OWN BINOCULARS 
Save More Than V2 Regular Cost 

GOVT’S 7 x 50 
BINOCULARS 

Complete Optici, com- 
pleu 'Tot.)! Pints. Vow 
and 1 end’s foi assembly. 

Wo supply full instruc- 
tions 

METAL PARTS — Set in- 
cludes all Metal Pai ts>— 
completely finished fur 
assembly of 7 x 70 Bin- 
omials No machining 
requuod A still dy Bin- 
omial Cat iymg Case is 
optional with each set 
of Metal Puts 
Stock ±842.5—539,40 
Postpaid, plus R! 30 
for Case— Total 544 20 
OPTICS — set iiu Hides all 
Lenses and Prisms you 
net d lot assembling 7 x 30 Binnculais These are in excel- 
lem condition— pei feet cn neat -pci i‘<_t t— and lvne new low 
i eile* lion coaling 

Stock #5102-S— ’ 7 V GO Optics $25 OO Postpaid 

1 7 best* ue stand.ud Aimnuu-m ulo pai ts , not lap 
anese, Fiench oi Grimm i 

NOTICE 1 If you buy both Binnculai Optus, and Binocular 
Metal Baits, add FedeiaL Lxci ,o Tax to above piLes 

Also Govt 6x30 Binoculars. Write for Catalog '‘S’*. 
MOUNTED TELESCOPE EYEPIECE 

Kellnu type Excellent astumnmiul and othei telescopes 
Wai Suiplus Government cost iljout Sib QG Focal length 
24 mm lens diameter 23 mm Unusually wide field 
Stock ±5189-5 . „ . .,53 25 Postpaid 

ADAPTER MOUNT (not surplus*— 21 »" lung with stand Aid 
HV' o D for use on asUonoinic.il telescopes Tin ended so 
stock ±“»1S0-R pciews into it Block .umdi7i*d 

Stock ±5190-5 . 51 00 Postpaid 

SLIDE PROJECTOR S ET5— Consists of all unmounted lenses 
you need to make the following sl?o piojectors: 
stock #4038-S— 21 U'*v ill t " . . .S3 35 Postpaid 

Stock &4039-S— 21 y 31 j" . . . .53 35 Postpaid 

Stock tfc4029-S— ,13 mm .52.85 Postpaid 

MOUNTED PROJECTING LENS SYSTEM 

r L. 0 uuit right for 31mm Piojoutorsi Speed 
of F 19 Outside dia ot muunt at one end 60mm 
Length of mount G 1mm. 

Stock #4033-S . - - 53,00 Postpaid 

THREADED OUTSIDE MOUNT FOR FOCUSING 
ABOVE SYSTEM 

Stock #715-S SI OO Postpaid 

We have U+erally Millions of WAR SURPLUS LENSES 
AND PRISMS FOR SALE AT BARGAIN PRICES 
Write for Catalog "S"— SENT FREE] 

EDMUND SALVAGE CO. 

P. O. AUDUBON, NEW JERSEY 
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T HIS is youi oppoitunity to contnbute to the Centul Refeienee Libiaiy Sei vices 
and collections of The New Yoik Public Libuuy Of special inteiest to icadeis 
of Scientific Ameucan is the Science and Technology Division of The New 
Yoik Public Libnuy, which contains one of the woild’s gieatestcollections of scientif- 
ic and technical liteiatuie Theie ate about 300,000 volumes in the Division, and, m 
addition, readeis have easy access to .the facilities and book stock of the entiie 
Refeience Depaitment with a book stock totaling more than 3,000,000 volumes. The 
Division offers the science readei material varying fiom a first edition of Euclid to 
files of patent and trade matk publications fiom 35 countnes The Division offers 
texts and peiiodicals on mathematics, astionomy, physics, chemistiy, meteorology, 
geology, tadio, mining, engineeung, aeronautics, electricity, metallurgy, textiles, 
papei, and shipbuilding The staff is trained to work both with laymen who have 
little scientific tiaining and with technically tiained leseaich workers. 


Ever since the New York Public Library first opened its doors, these services and 
collections have been suppoited only by bequests, endowments, and pnvatc* con- 
tributions, Now youi help is urgently needed to maintain this leference service of 
one of the world’s great institutions, an American institution, an institution which 
makes available to us all of our recoided heutage. 


NEW YORK PUBLIC LIBRARY, SA 

Fifth Avenue and 42nd Street 
New York 18, N Y. 

Please enroll me as a Friend of The New York Public 

Library You may add my contribution of $ 

to the gifts of other friends who aie joining this year in 
support of The New York Public Library. 

NAME 

iPIea&e pyinfr'^ull name) 

ADDRESS 


(Kindly make checks payable to The Xew Touk Ptmic Libjuky) 
[Contributions are tax deductible] 


TBS JOIN THIS 
GROUP OF FRIENDS 
TODAY 

and contiibute only 
seven cents a day to this 
great necessity. Enclose 
your check for the year 
($25) with the coupon 
and mail it at once. 
(Moie or less will be 
gratefully received,) 
And don't forget to de- 
duct it fiom your income 
tax. 
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(AlRACLE DRUGS CARNOT CURE THIS SICKNESS 


We only wish there were a miraculous drug 
to stop a man from worrying. 

Hundreds of thousands would buy it, 
because constant worry over money literally 
makes sufferers sick 1 

It's a sickness, however, that miracle drugs 
cannot cure. 

Yet . . . something 'way short of a miracle 
can! 

That's saving! Saving money . . . the 
surest, wisest way. With U. S Savings Bonds. 


All you do— if you're on payroll— is join 
your company's Payroll Savings Plan. 

Or, if you’re in business or a profession, 
enroll in the Bond- A- Month Plan at your 
local bank. 

You'll be pleased to see those savings grow. 
Ten years from now, when your Bonds reach 
maturity, you’ll get back $40 for every $30 
you invested! 

Is it peace of mind you want? 

Start buying Bonds today! 


AUTOMATIC SAVING IS SURE SAVING 
U.S. SAVINGS BONOS 



Contributed by this magazine in co-operation with the 
Magazine Publishers of America as a public service . 
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RCA Laboiatories developed 
a copper mesh with 2,250,000 
tiny openings to the square inch 
for the television cameia “eye.” 



ye/- /Fim&r pieti/Mres i/jroc/yf; //>/s scy>er-//r?e mes/i 


In RCA Image Ortliicon televi- 
sion cameras you will find a super- 
fine copper mesh. Until a new 
technique for making such screen 
was discovered at RCA Labora- 
tories, only coarse and irregular 
mesh— which obstructed 60 % of 
the picture —was available. 

Today, through RCA research, 
such mesh can be made with 1500 
gossamer wires to the linear inch. 


An ordinary pinhead will cover about 
7000 of its tiny openings. 

By RCA’s technique— now producing 
commercial quantities of 200- and 500- 
mesh screens — the mesh is so fine, so 
regular in structure, that it is invisible 
on home television receivers . . , and as 
much as 85% more television picture 
passes through. 

You benefit— many times 
This new type of super-fine wire 
mesh, and the technique for making 


it, like most major developments in 
all-electronic television, is another 
RCA Laboratories first. Leadership 
in science and engineering adds 
value beyond price to any product or 
service of RCA and RCA Victor. 

* # * 

The newest developments in radio , tele- 
vision, and electronics may be seen in action 
at RCA Exhibition Hall , 36 West 49th 
Street , N. Y. Admission is free, and you are 
cordially invited. Radio Corporation of 
America, Radio City , N. Y. 20. 
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letter; s 



Sus 

I would like to coirect a minox exror 
in the very fine article on low temper a- 
tme physics ill the June Scientific Ameri- 
can, Mr. Davis states: “The moment we 
have energy, however, we aie not at ab- 
solute zero. The tenn implies the absence 
of thermal eneigy.” 

It is this last statement that is not 
coirect. The concept of absolute zero is 
approached in different ways in seveial 
fields of scientific study, but the ultimate 
definition is the same. Let me quote from 
W. G, Dow’s Fundamentals of Engineer- 
ing Electronics: “Absolute zero (0 de- 
giees K.) is the temperature at which 
all particles, including the fiee electrons, 
have the least possible energy.” A search 
of a reliable text on thermodynamics will 
reveal the same idea. Absolute zero is 
that state of a substance at which it has 
a minimum of energy, not an entire ab- 
sence of energy. To go into the mathe- 
matical details of temperatuie scales and 
energy states would be beyond the scope 
of this letter, and, indeed, quite outside 
the field which Scientific American has 
set out to cover. 

NORTON SAVAGE 

Newark, N. J. 

Sirs: 

... In xegard to the superb aiticle on 
low temperature physics, I should like 
to add a comment for the sake of com- 
pleteness. There were some scientists 
who did believe that helium 3 could 
easily be liquefied. Dr. G. T. Lane of 
Yale predicted a boiling point only .3 
degrees K. too low. This prediction was 
based on his vapor-pressure measure- 
ments of a solution of .16 per cent helium 
3 m helium 4. Dr. J. de Boer of the Van 
der Waals Laboratory in Amsterdam was 
even closer in a prediction he made 
based on his quantum-mechanical ver- 
sion of the law of corresponding states. 
We were pleased to find that the more 
optimistic predictions were also more 
correct. 

* S. G. SYDORIAK 

Los Alamos Scientific Laboratory 
Los Alamos, N. M. 

• In his article 4k Low Temperature 


Physics' Harry M. Davis mentioned 
the prediction by Laszlo Tisza of the 
Massachusetts Institute of Technol- 
ogy and Fritz London of Duke Uni- 
versity that the light isotope of 
helium could not be liquefied. It is 
this passage that Dr. Sydoriak lias 
amplified in his letter. Dr. Sydoriak, 
E. R. Grilly and E. F. Hammel later 
showed at Los Alamos that helium 3 
could indeed be liquefied. 


Sus* 

On January 15, 1946, Albeit G 
Ingalls, who conducts your department 
“The Amateur Astionomer,” wiote me 
about the telescope my son John R. 
Pellam erected on the roof of our home 
here m Newark. Perhaps Mr. Ingalls will 
remembei that his letter was addressed 
to either John or myself. He doubted if 
it would be deliveied because his latest 
contact with John bad been in Novem- 
ber, 1932. At that time Mr. Ingalls bad 
published photogiaplis of the housetop 
installation, which is still in place. 

The object of this letter is to make a 
comment about the aiticle “Low Tcn> 
peiature Physics” published in your fine 
issue of June. In the first paragraph, and 
again on page 34, J. R. Pellam is men- 
tioned. This is the same boy Mr. Ingalls 
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used lo be so much inleiested in. tie is 
now a Ph.D., and making considei able 
progress m this interesting low tempeia- 
ture study. 

GEORGE E. PELLAM 
Newark, N. Y. 


Sirs . 

I want to tell you how pleased I am 
with the article “Tiapped Light” which 
coveied some of our work at the U.S. 
Naval Ordnance Testing Station. I want 
to mention only that the name of one of 
my associates in connection with this ex- 
periment somehow got ovei looked. He is 
Dr. W. M. Cady, head of the Physics 
Division of the Research Department of 
the U.S. Naval Ordnance Testing Sta- 
tion, Pasadena Annex. The actual physi- 
cal setup was developed horn one of 
his suggestions m response to a queiy 
from a photographer who had become 
interested m the Kerr cell as a modulator 
or light-chopper. It is always personally 
pleasing to me to find individual credit 
given to people involved in a group ef- 
fort, and this expenmcnt involved the 
cooperative effort of many people. 

A M. ZAREM 

Stanford Research Institute 
Los Angeles, Calif, 


Sirs: 

The article “Auieomycin” in your 
April issue carries so much interesting 
and valuable information that for the 
sake of scientific accuracy it seems de- 
sirable to point out the following: Is not 
the illustration on page 19, purporting 
to show the relative activity of the three 
antibiotics, incorrectly interpreted? Nei- 
ther the concentrations of the antibiotics 
nor the diffusional rates are indicated, 
nor are they in fact capable of being 
equated when the parent molds are used. 
As stated by Selman A. Waksman in liis 
Microbial Antagonisms and Antibiotic 
Substances: “The rate of diffusion of the 
antibiotic is parallel to its concentra- 
tion”; and “the method [agar-diffusion 
method of measuring antibiotic activity] 
cannot be used for comparing different 
substances, but is limited to the measure- 
ment of activity of only one type of sub- 
stance. With the growing molds, as 
sources of the antibiotics, these limita- 
tions would certainly be much greater. 

ERNEST S. REYNOLDS 

University of Miami 
Miami, Fla. 
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From now on, the difficulties that arise in some 
photographic work from the absorption of gelatin 
can be expected to diminish 

For now you can get from Kodak an emulsion 
containing considerably less gelatin than usual. It is 
being offered on an experimental basis as Kodak 
SWR Film, available only in 35mm. width, 
unperforated, in 25-foot rolls. (It is recommended 
only for uses where abrasion sensitivity and emulsion 
fragility are not objectionable.) 

- Kodak SWR Film offers particular advantages for 
spectrography in the extreme ultraviolet over the 
technic of treating a conventional emulsion with a 
fluorescent substance that converts the radiation 
to light of longer wave length. Here’s why: 

H Kodak SWR Film gives nearly five times as much 
speed in the vicinity of 550A as the older technic, 
it Grain size is less. 

H It has very low background. (Maximum background 
density is about O.L) 

The curves at the left are typical of the new 
material (but are not to be regarded as fixed 
quantitative specifications). 

If you’d like to see what you can do with Kodak 
SWR Film, just drop us a note. We’ll be glad to 
write you where to buy a roll. 

EASTMAN KODAK COMPANY 
Rochester 4, N. Y. 



“Kodak” is a trade-mark . 






AUGUST 1899. "Lord Kelvin is to 
Zj| resign the chair of Natural Philos- 
-L ophy in Glasgow University, 
which he has held £01 so many years with 
such honor to the University.” 

“At present the medical world seems 
to be of the opinion that the specific 
bacillus of yellow fever has not been 
satisfactorily identified, notwithstanding 
the announcement that Dr. Sanarelli has 
segregated the germ of yellow fever. 
Surgeon-General Sternberg of the United 
States army has isolated the bacillus, 
which he terms for convenience "bacillus 
X.’ It is not claimed that this is the spe- 
cific germ of yellow fever, but only one 
which is worthy of closer study.” 

“The Geiman Minister of War lecent- 
ly stated that the militaiy authorities 
were following the development of the 
automobile industry with the greatest at- 
tention and would do everything to fur- 
ther and make use of it. The general 
introduction of automobiles would in- 
crease the mobility of an army fourfold. 
In modern warfare the more the army 
can get rid of living creatures, man or 
beast, which are not combatants, and 
replace them by mechanical substitutes, 
the more confidently will a general take 
the field.” 


io m too 


who have made modern science what it 
is to-day. His long and useful life was 
filled with the most splendid achieve- 
ments in many sciences. In collaboration 
with Kirch off, he practically created 
three special branches of science, spec- 
troscopy as a department of optics, spec- 
troscopic astronomy, and spectroscopic 
chemistiy, and we can even foietell with 
consideiable accuracy, by means of his 
devices, the discovery of new elements 
He died on August 16 at his home at 
Heidelberg, Germany.” 

“At a meeting held recently by the 
Geographical Society of Berlin, undei 
the presidence of Herr von Richthopen, 
the question of an Antarctic expedition 
was considciecl. From a geographical 
point of view, the fundamental problem 
as to the existence of an Antarctic con- 
tinent has not yet been solved, and be- 
sides this there are other questions foi 
which a solution is de sited, such as ihc 
geological structure and chaiacter of the 
Antuictic soil, this being of importance 
owing to the relation supposed to have 
existed between South America and 
Australia. Among other questions are the 
study of masses of ice and their move- 
ments, the origin of cold oceanic cur- 
rents, the condition of atmospheric 
pressure and temperature m those re- 
gions, besides the questions relating to 
terrestiial magnetism, etc.” 


“At last the question of the Nobel 
prizes has been finally decided and defi- 
nite arrangements have been made. 
After settling up the estate, it was found 
that the amount available for piizes 
exceeds $7,500,000. The prizes to be 
distributed are given annually for dis- 
coveries and inventions in physics, chem- 
istry, medicine, and also for the most 
meritorious work m literature. The fifth 
prize is to be awarded to the person who 
has done the best work for advancing the 
fraternization of nations and for dimin- 
ishing armies and for the propagation of 
peace. Each of the five prizes will 
amount to about $40,000. The first distri- 
bution will take place in December, 
1901, and the annual date for such dis- 
tribution is to be the 10th of December, 
the anniversary of the death of Alfred 
Nobel.” 

“In the death of Robert Bunsen sci- 
ence has suffered a most severe blow. 
He was almost the last of the great men 


A UGUST 1849. “The Reports of the 
Cholera published from day to 
day in this city, have been so dif- 
feient from the weekly Reports of our 
city Inspector that we have concluded 
not to publish them any more, for no 
dependence whatever can be placed in 
them. The Report of the City Inspector 
makes ont the number of deaths to be 
much larger than the Board of Health 
Reports. In the last week’s Reports there 
are 57 of a decrease as compared with 
the preceding week. The whole number 
of deaths last week was 1,352: of these 
692 were from Cholera.” 

“The increasing temperature, found at 
increased depths in digging the Artesian 
wells., more particularly that of Grenelle 
in France, has been adduced by M. 
Arago^and other philosophers as proof 
of central fires in the earth. Commander 
C. Morten, known as the propounder of 
the "electrical origin of hailstones/ mere- 
ly regards the increased temperature at 


YEARS AGO 


increased depths as the natural conse- 
quence of increased pressure ol the at- 
mospheie, and as much a matter of 
course as the increased cold oi dimin- 
ished temperature lound to exist on as- 
cending mountains according as the 
atmospheric piessuie diminishes in the 
ascent.” 

“Mr. Lyell states that if we can sup- 
pose a mass oi sandstone a mile m thick- 
ness to have its temperature raised 200 
degrees Fahrenheit, it would lift a super- 
incumbent layer of rock to the height of 
ten feet. Calculations have been made 
by geologists which appear to account 
for the elevation of land m Sweden by 
a rise of only thiee degree.s temperatuie, 
(Reaumur) , supposing the stiatum to be 
1 40,000 feet thick. Upon a similar suppo- 
sition, the rise and fall of the wateis of 
the Caspian Sea might be explained.” 

“Two origins are now ascribed to 
limestone— one, that of chemical precipi- 
tation; the other, to the labors of the in- 
fusona. There can be no doubt that many 
of the enormous beds of this substance 
with which we are famihai, are the re- 
sults of the accumulation of innumerable 
millions of these tiny ci natures. They 
swarm in all waters, indifferently in salt 
as in fresh, and secreting from the lime 
held in solution by such water the neces- 
sary material for their enoimous aggre- 
gation, cieale, in process of time, the vast 
strata of which we speak. The Great 
Pyramid of Egypt has been looked upon 
by men as a miracle of human power 
and skill', yet every stone m its composi- 
tion is a greater far, for the limestone of 
which the vast structure is built was 
erected long ago by an army of humble 
animalcules more numerous than all the 
hosts of a thousand Pharaohs.” 

“The city of Milwaukie, Wisconsin, 
has now a population of 16,000. In 1835, 
it possessed only one while inhabitant.” 

“The American Association for the 
Advancement of Science, commenced its 
second annual meeting, at Hai vard Hall, 
Cambridge, (Mass.) on Tuesday of last 
week. Professor Henry was elected Presi- 
dent for the current year. The first paper 
read, was from Professor Secchi of 
Georgetown, relative to the causes of the 
Aurora Borealis. He propounded a theo- 
ry based upon the powers of moist air as 
a conductor of Electricity, and gave 
much information on the subject.” 


THE EUTUHE HOLDS GREAT PROMISE 


Neither chance nor mere good foitune 
has brought this nation the finest tele- 
phone service m the world. The service 
Americans enjoy in such abundance is 
directly the product of their own imag- 
ination, enterprise and common sense. 

The people of America have put bil- 
lions of dollars of their savings into 
building their telephone system. They 
have learned more and more ways to use 
the telephone to advantage, and have 
continuously encouraged invention and 
initiative to find new paths toward new 
horizons. 

They have made the rendering of 
telephone service a public trust; at the 
same time, they have given the tele- 
phone companies, under regulation, the 
freedom and resources they must have 
to do their job as well as possible 

In this climate of freedom and re- 
sponsibility, the Bell System has pro- 
vided service of steadily increasing value 
to more and more people. Our policy, 
often stated, is to give the best possible 
service at the lowest cost consistent with 
financial safety and fair treatment of 
employees. We are organized as we are 
in order to carry that policy out. 


Bfll Telephone Laboratories lead the 
world m improving communication 
devices and techniques. 

Western Electric Company provides 
the Bell operating companies with tele- 
phone equipment of the highest qual- 
ity at reasonable prices, and can always 
be counted on in emergencies to de- 
liver the goods whenever and wherever 
needed. 

The operating telephone companies 
and the parent company work together 
so that improvements in one place may 
spread quickly to others. Because all 
units of the System have the same serv- 
ice goals, great benefits flow to the 
public. 

Similarly, the financial good health 
of the Bell System over a period of many 
years has been to the advantage of the 
public no less than the stockholders and 
employees. 

It is equally essential and in the pub- 
lic interest that telephone rates and 
earnings now and in the future be ade- 
quate to continue to pay good wages, 
protect the billions of dollars of savings 
invested in the System, and attract the 


new capital needed to meet the service 
opportunities and responsibilities ahead. 

There is a tremendous amount of 
work to be done in the near future and 
the System's technical and human re- 
sources to do it have never been better. 
Our physical equipment is the best in 
history, though still heavily loaded, and 
we have many new and improved facili- 
ties to incorporate in the plant. Em- 
ployees are competent and courteous. 
The long-standing Bell System policy 
of making promotions from the ranks 
assures the continuing vigor of the 
organization. 

With these assets, with the traditional 
spirit of service to get the message 
through, and with confidence that the 
American people understand the need 
for maintaining on a sound financial 
basis the essential public services per- 
formed by the Bell System, we look 
forward to providing a service better 
and more valuable in the future than 
at any time in the past. We pledge our 
utmost efforts to that end. 

LEROY A. WILSON, President 
American Telephone and Telegraph Company. 

(F)oni the 19 AS Annual Report) 


BELL. TELEF1HNE LABORATORIES exploring and inventing, oeyising 

AND PERFECTING, FOR CONTINUED IMPROVEMENTS AND ECONOMIES IN TELEPHONE SERVICE 
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For years, the world’s leading cameramen in Hollywood have preferred 
Bausch & Lomb Baltar Lenses. Hollywood’s finest motion pictures have 
been filmed with Baltars. All of the experienced lens design and manufac- 
turing know-how, accumulated by Bausch & Lomb in ^ 

producing lenses for super-critical cameramen, has gone I 1’ ^ 

into thedevelopment of the new Animar series of lenses, ^ '(W rj ^ 

Now you can have crisp, sparkling, brilliant images . . . t 

TOP IMAGE QUALITY . . . that films movies in their 
magnificence of fine detail, subtle tone, and brilliant jW ''*) 

color. Use Bausch & Lomb Animar Lenses. { ,. t 
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FREE FOLDER! 

Get your copy from 
your local dealer . , . 
or write Bausch 8c 
Lomb Optical Co , 

781-H St. Paul St., 

Rochester 2, , 

New York 3 


'■mm 


BAUSCH & LOMB 

8mm and 1 6 mm 

ANIMAR LENSES 




mateur Telescope Making 


@ 500 pages, 316 illustrations 

$5.00 postpaid, domestic; foreign $5.35 

Amateur Telescope Making Advanced 

^ 650 pages, 361 illustrations 

$6.00 postpaid, domestic; foreign $6.35 

SCIENTIFIC AMERICAN, 24 West 40th Street, N.Y. 18 

Send a postal card for detailed information on these two books 



THE COVER 

The painting on the cover is an im- 
agined still life and landscape set m 
the Italian city of Pisa dm mg the lite- 
Lime ol Galileo Galilei ( see page 40 ) , 
Act oss the window sill in the iore- 
giound lies one oi the many tele- 
scopes made by Galileo Eying Bat m 
fiont ol it is a propoitional compass, 
another o I Galileo’s inventions To the 
left aie a plane level and a cubical 
sundial. The bottle of pink fluid at the 
light is Galileo's “theimoscope.” 
Hanging above it is an armillaiy 
spheie, a contemporary device that 
was used to represent the positions of 
celestial objects. Tn the center of the 
ai miliary spheie hangs a lodestone. 
Behind it hangs an Italian astrolabe 
made in 1588, when Galileo was 24 
yeais old. In the background is the 
famous Leaning Tower, from which, 
central y to legend, there is little leason 
to believe that Galileo ever dropped 
two objects of unequal weight. The 
objects in the foreground are from the 
Smith Collection in the Low Memo- 
rial Libiaiy of Columbia Univeisity. 
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Covei by Stanley Meltzoff 
e Source 

L5 David Stone Marlin 
11 Irvmg Geis 

£3 The Illustrated London News 
The Merck Co., Inc. 

William Auerbach-Levy 
11 Irving Geis 
13 The Merck Co., Inc. 

The Merck Co., Inc. (top); 
K. Blakely, E R. Squibb & 
Sons ( bottom left); Parke, 
Davis and Co. 

39 Adolph Brotman 
13 The Burndy Library 

The Pierpont Morgan Libiaiy 
(top), The Burndy Libra- 
ry (bottom) 

The Burndy Library 
The Harvard University Li- 
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51 Eric Mose 
55 Ralph M. Evans 

Human Behavior and the 
Principle of Least Effort 
David Stone Martin 
H. P. Wilkins 
63 Joseph F. Odenbach 




SAUL DUSUMAN, 

Retired Assistant Director, 

Resear ch Laboratory 

The Vacuum: AUhough the vacuum 
was little more than a scientific 
curiosity for ages, during the pasl 
two decades the art of producing 
and maintaining high vacuums has 
become an industrial process of 
great impoL lance. To realize this, 
you need only consider the radio 
induslry; it depends for ils very ex- 
istence on the use of vacuum proc- 
esses in turning out the extremely 
diversified range of electron Lubes 
— from the little ones used in your 
radio receiving seL to the mighty 
]00-kilowalt tubes used by the large 
broadcasting stations. All of these 
must be evacuated to the highest 
degree obtainable, 

G.E. Monogram , 
July- A ugu st, 1 9 19 

★ 

I. F. KINNARD 

Manager of Engineering, 

Meter <fi Instrument. Divisions 

Current Transformers: During 
more than 50 years of continuous 
manufacture, it has been almost 
universal practice to insulate dry- 
type instrument transformers by 
wrapping a fibrous material — com- 
monly varnished cambric or crepe 
paper — around the transformer coils 
and then impregnating this matrix 
with asphalt or a similar insulating 
compound. In many designs as 
much as ono-quarLcr mile of crepe 
paper has been wrapped on the coils 
for proper insulation. Because of 
the complex configuration of the 
coils, most of this wrapping has 
been done by hand. It has, there- 
fore, long been the goal of instru- 
ment-transformer engineers to de- 
velop a method of molding or 
casting an insulating material around 
the transformer core and coils, thus 
eliminating the necessity for hand 
wrapping. 

After considerable experimenta- 
tion such a method, as well as a 


material suitable for use with the 
method, has been developed through 
the joint efforts of several divisions 
within the General Electric Com- 
pany. The result is ... a trans- 
former of unit construction, with 
all the component parts firmly 
molded together in a continuous 
casing of butyl. . . . Its performance 
characteristics represent a distinct 
improvement over older designs of 
transformers and arc due in large 
measure to the excellent properties 
of butyl and to Lhe new concept 
of molded transformer insulation. 

General Electric Review , 
June , 1949 

★ 

C. G-. BACON 

General Engineering & Consulting 
laboratory 

Corrosion: Practically all chemical 
elements can now he made radio- 
active and in considerable quanti- 
ties. For instance, a one-hundred- 
gram lot of radioactive iron can 
now he obtained at a nominal cost. 
Chemical combinations and proc- 
esses having iron or other elements 
as constituents can now be studied 
by substituting radioactive for nor- 
mal iron and following Lhe course 
of the element through the aelion 
wiLh suitable radiation-detection 
methods. Similarly such reactions 
as Lake place in steel and gasoline 
refining, metallurgy, corrosion, and 
other processes may be studied in 
this manner. 

An attack on the problem of 
corrosion by the application of 
radioactive tracers obtained from 
Oak Ridge is being made in the 
General Engineering Si Consulting 


Laboratory. Radioactive iron is 
used. . . , 

General Electric Review, 
May , 1949 

★ 

R. C. SOGGE 

Manager, Standards Division 

Stand ards: The terms "standards” 
and "standardization” have very 
broad meanings and have a general 
application, so that we come in con- 
tact with some form of standards 
almost daily in our personal activi- 
ties as well as our business. One 
place where we frequently hear of 
standardization is in connection 
with mass production. The produc- 
tion of goods in large quantities 
makes it important that the prod nets 
and parts be readily interchange- 
able, Experience has shown that one 
of the most effective ways of bring- 
ing this about is through proper 
standardization. . . . 

In general, standards are good 
because they aid in the simplifica- 
tion of manufacture, conserve ma- 
terial and labor, help to attain 
lowest cost, increase output per unit 
of floor space, shorten production 
time, reduce inventory. Standards 
also promote a clearer understand- 
ing between buyers and sellers, and 
a whole group of standards pro- 
motes safety to employees of manu- 
facturing companies and to the 
public. . . . Practically all stand- 
ards contribute in one way or 
anolher to a lower cost of doing 
business. I think we might say that 
we pay for standards whether we 
use them or not, because we forego 
savings when we fail Lo use them. 

National Electric Manufacturers Assn , 
San Francisco , 
May 16, 1949 
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DPI High Vacuum Muffle Type Furnace , used in production 
of special alloys for jet engines . 


HIGH VACUUM FOR METALLURGY 


Metals that were little more than, 
entries iri the periodic table a year 
or two ago come up today as full- 
grown metallurgical problems with 
production deadlines to meet. 

Jet- and rocket-builders calmly 
call for materials with specifica- 
tions that yesterday would have 
been suspected of misplaced deci- 
mal points. Abstruse properties, 
hitherto ignored, become vital 
criteria in developing alloys for 
atomic power engineering. 

The old cries, "cheaper" and 


"better", start fruitful hunts for 
new sources of common metals, 
for more efficient fabrication meth- 
ods in technics like powder metal- 
lurgy, for more favorable physical 
properties by minimizing entrap- 
ped gases 

In all these things high vacuum 
has a major part to play. DPI, 


with its vast high vacuum engi- 
neering experience, has much to 
offer in converting theoretical 
speculation to practical produc- 
tion efficiency. We invite inquiry. 


Just off the press- 

netv 16 -page catalog on 
DPI High Vacuum 
Coaters and Accesso- 
ries — sent on request. 



Distillation Products, Inc. 

Subsidiary of Easfman Kodak Company 
751 RIDGE ROAD WEST • ROCHESTER 13, N. Y. 

Distillers of Oil-Soluble Vitamins and Other Concentrates for Science and Industry , Manufacturers 
' oi High -Vacuum Equipments 
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childhood’s greatest enemy 

Heart disease, America’s leading cause of death, is no respecter of age. 
Support the 1949 program to control this menace to our nation’s health 
through research, education and community service... open your heart! 
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THE PERSONALITY 
OF PEOPLES 

With the aid of depth psychology, anthropologists 
are learning much abo ut how a nation’s cultural 
patterns may shape the character of its citizens 


T HE idea that human gioups diflcr 
m peisonahty, which louud a re - 
ductio ad absurchim m tlio Nazi 
philosophy, is not, oi com so, peculiai to 
our time. Hciodotus discouised on the 
temperamental difierences among the 
ancient Gieeks, Egyptians and Peisians 
Julius Caesai and Tacitus gave us 
thumbnail sketches of the psychology of 
the Celts and Germans. In all ages social 
philosophers have taken psychological 
diffeiences among peoples foi gi anted 
and have tiied to account loi them. And 
thei e has always been a host of less judi- 
cious oi less scrupulous wnteis who have 
used the idea foi self-congratulation or 
foi the vilification ol foreigners. 

It would be hard to find a subject of 
continuing discussion that has been at- 
tended by moie heat and by less conciete 
evidence. Only within the last 30 years, 
as ceitain phases of anthropology and 
psychology have developed, has it be- 
come possible to define the problems in- 
volved and to attack them directly. The 
fust step has been to obtain a clearei 
definition of the human groups with 
which the investigator has to deal. Two 
sorts of groupings are obvious and easily 
recognizable; races and societies. Race is 
indicated by the individual’s physical 
type. Membership in a society depends 
upon association and training and is in- 
dicated by the individual’s behavior, the 
particular cultuie to whose patterns he 
adheres. Members of a particular racial 
group may be scattered through many 
societies while, conversely, a single so- 


by Ralph Linton 

eiety may include members oi several 
difleient laces. 

To understand the i elutions between 
these two groupings, it is necessary to 
have a clear picture of what is meant by 
the tenn “race” It is, unfortunately, a 
very geneial term, applied indiscrimi- 
nately to groups whose members show 
widely difteiing degiees of physical re- 
semblance. For scientific purposes it is 
more precise to classify people by (1) 
breed, (2) type and (3) stock. 

A breed is a homogeneous human 
group, usually small, whose members re- 
semble one another so closely that it can 
be assumed that all of them have a com- 
mon uncostly in the not too distant past. 
This giouping coi responds to a breed of 
domestic animal, say the Irish terner. A 
type is composed of a number of breeds 
which, though differing m minor re- 
spects, have many characteristics in 
common. It corresponds roughly to such 
a group as rough-haired teiners. A stock 
is composed of a number of breeds and 
types and is analogous to the more in- 
clusive grouping, teirieis. 

In the human species there has been 
so much mixing that today even mod- 
erately pure breeds are found only in 
culturally backward areas where outside 
contacts are infrequent. There are many 
types, however; examples aie the Nordic, 
Alpine and Mediterranean types m Eu- 
rope. All the European types, plus a 
number of otheis scattered through Asia 
and Oceania, together compose the Cau- 
casic stock. This is popularly known as 


the White Race, although some of the 
types assigned to it are actually claikei 
than the average American Negio. 

Occasionally, among isolated “primi- 
tive” peoples, a breed may coincide with 
a society, but m geneial the racial and 
social divisions cut acioss each other. 
Every known type and stock has repre- 
sentatives in several societies, and every 
civilized society, i.e , nationality, in- 
cludes membeis of several bieeds and 
types Thus eveiy Emopean nationality 
includes Nordic, Alpine and Mediter- 
ranean types with all sorts of mixtures. 
Various nations diftei in the percentages 
of each type relative to the total popu- 
lation, but in no nation is a single type 
strongly dominant. Nor does the type 
have any significance as an indicator of 
social status, foi lepresentatives of all 
types are found at all levels of society. 
This means that for the aveiage Euro- 
pean or North American, the Caucasic 
type diffeiences are of only academic in- 
terest. 

T HE situation with lespect to stock 
diffeiences is quite otherwise. While 
most of us never notice whethei a neigh- 
bor is Alpine or Meditenanean, all of us 
are keenly conscious of whether he is 
Negroid or Mongoloid, The white dom- 
inance of the world during the past two 
centuries has sensitized us to the physi- 
cal differences that serve as criteria for 
these groupings. At the same time, an 
uneasy conscience has made us eager to 
prove that white dominance lests on 
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CARE OF CHILDREN in various societies is illustrated sivcly the typical disposition of infants among the peo- 
in these drawings. Beginning at left they show succes- pie of Alor (in Dutch East Judies), in Japan, in New 


something more enduring than superior Thus a child with an LQ. of 100 might Yet most of this behavioi has been 

technology and militaiy skill. In recent be either the brightest or the dullest learned quite objectively and can be 

times the search has concentrated on member of his family group, depending learned by any outsider. An American in 

racial psychology, increasingly imple- on accident of birth. Whichever be was China soon becomes reasonably expert 

mented by modern testing techniques, would have much moie influence on Ins with chopsticks— though it may be a few 

Very little of this work has been done experiences with other people and on his months bcfoie he can cope with a 

with human breeds, where inherited psy- resulting personality characteristics than poached egg. The native scholar whose 

chological characteristics should be most would his LQ. level in itself. tribal language has no woid for any num- 

obvious. Most of the studies have tried her larger than three can learn to lecate 

to determine differences between types *T1HE finding that races do not differ the multiplication table in English, 

or even stocks. They have relied mainly JL significantly in inherited psychology Moreover, he can understand mathe- 

on tests foi special abilities and par- cal potentialities has been bailed with matical principles when they arc taught 

ticularly I.Q. A few attempts have been enthusiasm by the anti-racists and must to him, and can learn to solve problems, 

made to compare racial personality on be welcomed by all men of good will. At The acquisition of such skills need not 

the basis of Rorschach and Thematic the same time, the layman is likely to mean any change in the altitudes, values 

Apperception tests. feel that the findings contradict common and emotional lesponses of the individ- 

Although the literature dealing with sense. Whatever the results of psycho- ual. The diffeient behavior norms for 

such studies is voluminous and often con- logical tests, experience tells him that the different societies, various as they are, 

troversial, most authorities agree that the average Swede and the average Italian still leave a possibility that the apparent 

existence of significant racial differences act differently and even seem to think personality differences in the people 

has never been proved. On the basis of differently most of the time. This, how- themselves are no more than muscle- 

the evidence it seems most improbable, ever, is because Swedes and Italians be- deep 

Indeed, we now know enough about the long to different societies and have been As men oi good will, all scientists who 

processes of personality formation to bx ought up in different cultures. Both have worked on problems ol personality 

make it seem unlikely that a specific kind are members of the same Caucasic stock and culture would be delighted to find 

of personality can be inherited. An in- and many individuals m both groups be- proof that the members of all societies 

dividual's psychological potentialities, long to the same racial types. Thus if as well as all races aie really alike. If 

which ^ presumably are determined by either overt behavior or personality were such were the case, it would be easy for 

biological factors, may be influenced by determined by race we might expect to all peoples in the world to get along lo- 

lieredity. His personality, on the other find* them much more alike than they gather, once the differences in their su- 

hand, is a result of the interaction of actually are. perficial habits had been recognized and 

these potentialities with his environment. That the behavior of people in differ- discounted. Most anthropologists with 

In this interaction his inherited poten- ent societies does differ is obvious to any- field experience are prejudiced in favor 

tiakties may -not be the principal factor. , oiie who has visited a foreign country, of such a view when they begin per- 
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Guinea, among American Indians, in modern U.S. and at the other extreme of child care the Japanese lend to 

in Malaya. The Alorese virtually ignore their children; make them the petted center of the family’s attention. 


sonality studies. If one lives intimately 
with another society for any length of 
time, he becomes more conscious of indi- 
vidual than of group differences. The 
longer he lives with “primitives/* the 
more they stand out as distinct human 
bemgs who remind him of particular 
people he has known at home. It is only 
in recent years that it has become possi- 
ble to replace such informal judgments 
and wishful thinking with the results of 
genuine lesearch. 

The study of group differences in per- 
sonality and their causes is fraught with 
great difficulty. The extent to which 
societies can be subjected to controlled 
experiment is strictly limited, and the 
factors involved in uncontrolled social 
situations are too complex to yield to 
mathematical treatment. In the study of 
personality m particular, it is impossi- 
ble for the investigator to reproduce in 
the laboratoiy the numerous and long- 
continued influences which shape the 
growing child. He can only observe chil- 
dren at different age levels and in differ- 
ent family situations, obtain life histories 
from grownups and try to deduce from 
such imperfect evidence whatever rela- 
tion may exist between experience and 
personality. 

In this study the work of the psycho- 
analysts has proved invaluable. In spite 
of differences in the theoretical ap- 


proaches of various schools, they have 
been able to show fairly constant xela- 
tionships between certain sorts of early 
experience and certain features of adult 
personality. Anthropologists, although 
more interested in societies and cultures 
than in individuals, have also contributed 
techniques. They have recognized for 
many years that cultures are integrated 
wholes, and that each culture tends to 
be organized about certain main activi- 
ties or interests. These inevitably play a 
part in shaping the personalities of the 
individuals in the society. Thus the cul- 
ture of the Plains Indians was organized 
around war and the highest rewards 
went to men who were brave and self- 
reliant. The techniques of child training 
were designed to develop these charac- 
teristics. On the other hand, the culture 
of the Tanala, a southeast Madagascar 
tribe, was organized about cooperative 
agriculture, and their main values were 
linked with the preservation of the ex- 
tended family groups into which they 
were organized. The highest social le- 
wards went to docile, obedient individ- 
uals with little initiative. Child training 
was directed toward developing these 
qualities, partly by strict discipline, part- 
ly by an ingenious series of compensa- 
tions for the frustrations suffered. 

In most societies the approved meth- 
ods of child training might be expected 


to produce the sort of people who would 
find the society’s culture congenial. On 
this point the cultural evidence and the 
conclusions of the psychoanalysts check 
each other very closely, A society’s meth- 
ods of child training produce attitudes 
which not only reinforce the existing pat- 
terns of its culture but also influence the 
acceptance of new patterns. The mem- 
bers of a society will readily accept ideas 
and appliances that are m line with their 
established attitudes and values; they 
will reject those which lun counter to 
them. For example, the early mission- 
aries m Polynesia were delighted to find 
that the natives took at once to hymn- 
singing and church socials, and kept the 
Sabbath with a vigor engendered by a 
long-standing belief in the fatal results 
of taboo-breaking. They were less 
pleased to discover that the converts 
could not be convinced of original sin, 
and regarded chastity as a serious breach 
of good manners. 

I N recent years a number of psycho- 
logical tools have been added to the 
investigators equipment. Projective tests 
such as the Rorschach have improved 
and multiplied and better techniques 
have been developed for the collection 
and study of life histories, analysis of 
dreams, and so forth. It is now possible 
to make a many-pronged attack on the 



problems of personality and culture with 
a combination of anthropological and 
psychological techniques. The results of 
different techniques can be checked 
against one anothei, this featuie is im- 
portant because some of the techniques 
are still very much m the expeumental 
stage. 

The most thorough and inclusive study 
of this soit that has been made to date 
was an investigation of the people of 
Aloi, an island in the Dutch East Indies. 
The mvestigatoi , Di. Com Du Bois, or- 
ganized hei ethnological material, ob- 
tained during two years m residence, 
aiound the life cycle of the individual 
This was supplemented by autobiogra- 
phies of 28 men and women, by chil- 
dren's drawings, by maze tests, by woid- 
association tests and by Rorschach tests. 
The material from each test was ana- 
lyzed by a different psychologist who 
was not informed of the conclusions 
reached by the other analysts. The auto- 
biographies weie studied by a psycho- 
analyst to determine personality pat- 
terns. The cultural material was studied 
by anthropological techniques to deter- 
mine dominant attitudes and values. The 
results of all these approaches were in 
fairly close agreement, making it possi- 
ble to establish both personality nouns 
for the group and the presence of de- 
viant individuals. A number of less com- 
plete studies of other societies and cul- 
tures have confirmed the validity oi this 
method 

Although a tremendous amount of 
work lemains to be done, ceitain facts 
about pei sonality norms and personality 
formation have been established. It can 
be shown that all societies include a wide 
lange of pei sonality types. In fact, given 
a large enough community, it should be 
possible to find any sort of individual 
personality that has been found else- 
wheie Nonetheless, the frequencies of 
the various types do differ enormously 
from one society to anothei. A person- 
ality pattern that is characteristic of most 
of die individuals in one society may be 
so rare in another that it is considered 
psychopathic. 

For example, North American Indians 
regarded mystical ecstasies and the see- 
ing of visions as quite normal, while in 
our society such experiences call for psy- 
chiatric observation. On die other hand, 
an aggressive, competitive personality, 
which is the modern American ideal, is 
regarded as psychopathic by many In- 
dian tribes in which the great aim of the 
individual is to be completely average. 
It must be added that while unusual 
personality characteristics may place the 
individual at a disadvantage, this is not 
necessarily the case. In a society where 
die 'normal” personality is docile and 
passive, as among the Pueblo Indians, a 
rare and atypical aggressive individual 
may be in a pleasant position. He can 
dominate and exploit his neighbors, sub- 


ject only to the old adage that it is a long 
woim that has no turning. 

A LTHOUGH no two individuals ovei 
. behave exactly the same, even in 
similar situations, cultine sets limits to 
the normal xange of individual variation. 
It is this limiting pattern to which we 
must look foi clues about the dynamics 
of personality formation. The developing 
individual is shaped by the pattern m 
two ways. 1) by lus experience of what 
othei people, acting in accoi dance with 
the pattern, do to him, and 2) by what 
he leai ns hom other people as a lesult oi 
imitation or instruction. Cultural influ- 
ences of the fiist soit begin to opciate 
on the infant hom the moment ol bulb. 
According to the customs oi his society, 
he may be laid naked on a hind plank 
(New Caledonia), tucked into a padded 
cradle (Plains Indian), or tightly band- 
aged fiom the neck down (southern 
Europe) . He may be earned about con- 
stantly (Malaya), or left alone half a 
day at a time (Aloi). He may be fed 
whenever he cries (Malaya), on sched- 
ule (modem America), or simply when 
it suits his mother’s convenience (New 
Guinea). He may lie the petted center 
ol the family's attention (Japan), oi re- 
ceive only the minimum caie necessary 
to ensure his survival (Alor). Training 
to eontiol his excretory functions may be 
imposed within the first six months 
(Madagascai ), or may be delayed until 
he can learn by imitating his cldeis, 
Most depth psychologists insist on the 
great importance of such early expci 1 - 
ences in laying the gioundwork for the 
developing pei sonality. It is rarely pos- 
sible, however, to show a one-to-one 
relationship between a particular feature 
of early treatment and some characteris- 
tic of the adult personality. The effects 
seem to derive more from the atmosphere 
created by the method of infant caie 
than from any of its details. The care 
may be warm and affectionate or coldly 
indifferent, encouraging or repressive. 
Whatever the atmospheie, the child de- 
rives from it his earliest and most gen- 
eialized picture of the universe in which 
he finds himself. This is also his most en- 
during picture; it survives in the depths 
of his mind below all later acquired ideas 
and behavior patterns. It influences his 
anticipations, his appraisal of new situ- 
ations and— most important of all— his 
appraisal of himself as adequate or in- 
adequate, secure or insecure, loved or 
rejected. 

The results of such early experience 
are buried but never obliterated. They 
linger on at the subconscious level and 
are responsible for all sorts of reactions 
which people can recognize as irrational, 
even in themselves. The child who has 
been bullied by his father will always 
expect people in authority to bully him; 
even a mild and necessary exercise of 
power will make him cringe or infuriate 


him. A child who has been ignored will 
not only expect to be ignored m later 
life, but will be unable to respond to 
inendly advances. A child brought up m 
a family wheie numerous men and 
women caie for him like patents (a situ- 
ation found in many parts of Polynesia) 
develops a pei sonality quite different 
from the Amencan noun. He is sell- 
confident and pleasant, but has no ability 
to focus emotions Since no single pei son 
is ever continuously responsible foi re- 
warding oi frustiating him, he never 
learns to love oi hate wholeheaitedly. 
His attitude, when he paits with a friend 
oi wile, is "Oh well, anothei will be 
along presently.” 

Most of these are unintended effects 
ol culture. In addition, eveiy society 
tries to shape its membeis directly and 
consciously As soon as a child is old 
enough to undei stand speech, people be- 
gin telling him what to do and pointing 
out other people's behavior as something 
to be imitated or avoided. Apparently 
childien learn to learn and to imitate 
veiy much as they acquire other skills, 
and for the same reason— it pays. Most 
ol the things that can happen to people 
m any society have already happened a 
good many times, and the society has 
worked out ways of dealing with them. 
It is both simpler and more rewarding to 
learn these ways, /.c., the society’s cul- 
ture patterns, than to tiy to work out new 
solutions for oneself. Except m societies 
whose onlUiies are undergoing lapid 
change, such as our own, most people 
can lead pleasant and effective lives 
simply by learning without thinking. 

H OW fai these later learnings affect 
the deepei levels of the personality 
is the most important problem now con- 
fronting students of personality and 
culture, It is a well-known pi maple 
of psychology that behavior which is 
successful, i.e., lewauled, is thereby ie- 
inforced, This is the basis of habit forma- 
tion. It is also an obseived fact that 
most ol the patterns of overt behavior 
which go to make up the culture ol any 
society reflect attitudes and anticipa- 
tions, frequently unconscious, which are 
shared by most of the society's mem- 
bers. We cannot say positively that the 
patterns of overt behavior, by their suc- 
cess in action, reinforce the deeper 
psychological patterns which they re- 
flect, but it seems likely that they do. 

Up to this point wc stand on fairly 
firm ground, but there is another side to 
the picture which may be of even greater 
practical significance. In individual 
learning, those responses that are pun- 
ished or simply not rewarded are extin- 
guished. This also holds for culture pat- 
terns on the level of overt behavior. The 
Plains Indians stopped going to war 
when the U.S. Army became too strong 
for them. They stopped hunting for buf- 
falo when there were no more buffalo* 
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So the ultimate question is this Is it 
possible, by extinguishing some ol the 
patterns ol a culture and substrtutmg 
others, to bring about a lasting change 
m the society's personality norms' 5 The 
individual attitudes hom which these 
norms are derived begin to be estab- 
lished long before conscious instruction 
can get undei way, Undei noimal cul- 
tural conditions, the norms are lem- 
foiced by instruction and by the indi- 
vidual's latei experience as a member of 
society. The problem is whether they can 
be extinguished by simrlai means. Fail- 
ing that, how far can they be modified 
and, m either case, what techniques aie 
most likely to piove effective* 5 

This is a vital problem toi a changing 
world. If education can reach the deeper 
levels of personality, the personality 
norms of society can be changed con- 
sciously and purposefully. It these levels 
cannot be leached after eaily childhood, 
the outlook is much less piomismg, m 
fact well-nigh hopeless. The eaily expe- 
riences that shape an infant’s personality 
derive not only from cultural patterns 
but also from the sort ol people who ap- 
ply them. To change personality norms 
at this level, it would lie necessary to re- 
staff most nurseries. 

The personality norms of most socie- 
ties have shown a continuity through 
time that is highly depressing to those 
who laboi in the cause of sweetness and 
light. Moreovei, most widely publicized 
attempts to change national character 
have not been particularly successful. 
The Russian Brave New Woild seems 
strangely familiar to one who knows that 
country’s history. The Nazi experiment 
seems to have been less an attempt at 
fundamental change than a shift in em- 
phasis among psychological patterns al- 
ready well established. The Fascist at- 
tempts of various Latin countries have 
reflected their varying personality norms 
with striking fidelity. 

Howcvei, none of this is conclusive 
and the outlook is not as dark as it seems. 
Side by side with such attempts to im- 
pose change from above, there have been 
other attempts which corresponded to a 
real united will for change— and which 
have been successful. These changes can 
be traced in the rise and stabilization of 
various religious sects, and it is here that 
we are most likely to find the knowledge 
which will enable us to develop effective 
techniques for reshaping personality 
norms. In a time when change m certain 
aspects of “human nature” has become 
necessary to the survival of our species, 
it is comforting to know that it can be 
done and has been done. The problem 
of the scientist is to find out how. 



Ralph Linton , Sterling Professor CONTRAST IN CHARACTER that is produced by the basic differences 

of Anthropology at Yale Univer - in attitudes of two tribes is typified here in contrasting Indian dress. The 

sity, is the author of The Cul- Zuni Indians {left) were a passive group. The Comanche (right) , who ee'cul- 

tnral Background of Personality. ture was built around war, developed belligerence as a personality norm. 



The 19 th element of the periodic table has fascinating 
physical and biological eccentricities. Its behavior in 
cells is one of the fundamental characteristics of life 


by Wallace 0. Fenn 


A NORMAL human adult has 
enough potassium in his body to 
kill 100 people if it were injected 
into then* blood, yet il he got no potas- 
sium in his diet he would soon be para- 
lyzed and die. The element is lemaikable 
in many ways. Although it is an inoiganic 
substance, it influences so many biologi- 
cal processes that it must be considered 
a basic stuff of life. On the other hand, 
potassium is as intuguing to geologists 
and physicists as it is to biologists. As a 
natuially radioactive element, it has 
played a key role in the geological his- 
toiy of the earth. Its physical and chemi- 
cal properties aie peculiar and in some 
lespects unique. Indeed, potassium is 
coming to be recognized by biologists as 
one of the most inteiesting and signifi- 
cant among all the 92 natural elements. 

Until recently the element was of in- 
terest chiefly as an ingredient of fertiliz- 
ers and industrial potash. It derived its 
chemical symbol, K, from the Geiman 
kalium, meaning“pot-ashes,” and its Eng- 
lish name is a modification of the trans- 
lated term. But it had been used a good 
while before it had a name. The Romans 
knew that a soft soap could be made 
from wood ashes. Potassium was the 
basis of one of the fiist industries estab- 
lished in the New Woild: the James- 
town colony began to ship wood ashes 
to Europe in 1608. The element's im- 
portance as a plant food was not dis- 
covered, however, until 1840, when the 
German chemist Justus von Liebig found 
that the “bittei salts” being thrown away 
at German salt mines were an excellent 
fertilizer. Today most of the potassium 
sold is used for this purpose. Rich depos- 
its of sylvite, or potassium salt (KCl), 
were found in 1931 in New Mexico at a 
depth of 962 feet, in the under giound 
bed of what was probably an ancient, 
dried-up lagoon. 

The first to isolate the element itself 
(in 1807) was 1 the chemist-poet Sir 


Humphiy Davy, Pure potassium is a 
soft, bluish-silvery metal— one oi the se- 
nes of alkali metals that includes lithium, 
sodium and mbidium. Each element in 
this senes of the periodic tabic has only 
one election m its outermost shell. The 
single electron is easily lost to another 
atom, so these elements generally carry 
a positive charge, and they are veiy ac- 
tive chemically. The importance of po- 
tassium to plant and animal life lies in 
the fact that it is the dominant positively- 
charged substance m protoplasm. One of 
the remarkable facts about potassium is 
that, although it is a close chemical rela- 
tive of sodium, being next above that 
element m the alkali series, its chemical 
behavior is very different. In living or- 
ganisms potassium and sodium some- 
times show directly opposing effects, and 
potassium cannot be replaced by sodium. 

Before we go into the biological lole 
of potassium, we need to consider some 
of the physical peculiarities of the ele- 
ment. Its outstanding eccentricity is that 
it is the lightest element with a naturally 
radioactive isotope; in fact, m the whole 
lower third of the periodic table this is 
the only substance that is radioactive m 
natuie. Potassium, whose atomic number 
is 19, has six known isotopes. Three oi 
them (K-38, K-42 and K-43) are artifi- 
cial, unstable, short-lived freaks created 
by bombarding potassium or other atoms 
with high-speed deuteions or alpha par- 
ticles. The natural element is made up 
of the isotopes K-39, K-40 and K-4L 
Of these K-39 and K-41 are stable and 
account for nearly 93 4 per cent and 
6 6 per cent, respectively, of all natural 
potassium. The natural radioactive iso- 
tope is K-40, a very long-lived species 
with a half-life of 1.3 billion years. K-40, 
now in the last stages of radioactive de- 
cay, survives today as only .012 per cent 
of natural potassium, and its significance 
is dwindling away to nothing. It was un- 
doubtedly of great importance, however, 


in the eaily history of the earth's ciust. 
Making reasonable assumptions about 
the rate oi decay and early abundance 
of K-40 and the eneigy given off by its 
ladioactive disintegration, it can be cal- 
culated dial the heal produced would 
have been great enough to keep the 
earth in a molten state. It appeals highly 
probable that the decline of K-40 
through radioactive decay was an im- 
portant factor m the hiu cloning of the 
earth's crust. 

In gencial, isotopes with an even imrn- 
bei of neutrons are stable, and those with 
an odd number unstable. K-40 has 19 
pi o tons and 21 neutrons, so it decays to 
an element with an even number of 
neutrons. But here again potassium's be- 
havior is peculiar. K-40 can decay m two 
different ways, by emitting an electron 
oi by capturing one. It is as if the atom 
could not decide whether it had too 
many neutrons for its protons or too 
many protons for its neutrons. Usually it 
sheds a beta particle (electron), thereby 
conveitmg one oi its neutrons into a pio- 
ton, and is tiansformed into calcium 40. 
But about one atom in seven i ©verses the 
piocess: it picks up an electron from its 
inner electronic shell, the so-called K 
shell. The electron neutralizes one of its 
protons, and the atom drops to the next 
lower atomic numbei, becoming aigon 
40. Apparently K-40 can also discharge 
a positron from its nucleus with the same 
result. Since most of llie K-40 disinte- 
grates to calcium, it is a plausible assump- 
tion that all of the calcium which is now 
on the earth was originally present as 
potassium. 

There is one further interesting fact 
to be noted about the element. It is much 
less abundant than sodium in ocean wa- 
ter, but more abundant than sodium in 
sedimentary rocks. Certain evidence sug- 
gests that living cells are at least partly 
responsible for the extensive removal of 
potassium from the oceans. Marine or- 


gam sms may have produced this result 
by absorbing potassium into theii cells m 
pieierence to sodium. When they died 
they sank to the sediment on the bottom, 
taking the potassium with them. 

P OTASSIUM is taken horn the soil by 
the loots ot plants. Each crop re- 
moves 20 to 150 pounds of potassium 
per acre. But the insolubility of potas- 
sium compounds in the soil makes a veiy 
large fraction ot the total potassium of 
the soil unavailable lor plant use. It is 
only the exchangeable potassium, that 
fraction which can be washed out by ex- 
change with other positively-charged 
ions such as ammonium or hycliogen, 
that is available for plants. Thus the 
plant root m relation to potassium is like 
a man on a life raft with only a mouth- 
ful of rain water. Except tor his meager 
supply there is “water, watei eveiy- 
where, nor any diop to drink.” This 
analogy emphasizes in an exaggciated 
manner the scarcity ol the soluble rela- 
tive to the insoluble potassium. For the 
giowing of crops, the 20 to ]50 pounds 
pei acre taken as plant food and the 10 
to 15 pounds per acie lost by leaching 
should be i ©placed by feitilizei each 
year. 

My colleague, Frederick C. Stewaul, 
has made a special study of the processes 
by which a plant is able to absoxb po- 
tassium, and he has shown clearly that 
absorption always involves an mciease in 
the rate of respiration. Fur thei more, the 
lespiration apparently supplies energy 


tor protein metabolism. Potassium moves 
into such cells when protein metabolism 
is high. In the case of yeast, however, 
potassium moves into the cells when they 
are given glucose, i.e., when theii carbo- 
hydrate metabolism is high. When the 
yeast has consumed the sugar, the potas- 
sium returns to the solution outside the 
cells. Theie is some evidence that potas- 
sium is required foi certain specific re- 
actions within the cell in which phos- 
phate is transferred from one compound 
to another Presumably some such ieac- 
tion is the basis foi the important role 
played by potassium m so many physio- 
logical processes in both animals and 
plants. 

In plants, as in animals, nearly all ot 
the potassium is inside the cells. Theie 
is little or no sodium in plants, although 
some can be taken up if the concentra- 
tion of sodium is very high in the soil or 
if there is a deficiency of other positively - 
ehaiged ions which the plant would 
“prefer” to have. It is this relative ab- 
sence of sodium from plant cells which 
gives to plant-eatmg animals their crav- 
ing for sodium salt, a symptom which is 
vciy familiar to cattle larmcis. Since 
plants can take up sodium if there is 
plenty available, it is not surprising to 
find this element in marine plants. This 
distinction between sea plants and land 
plants is a very old one; it was known at 
the time of Pliny the Elder that the ashes 
of the former made a hard soap and the 
ashes of the latter a soft soap. Eventu- 
ally the formei came to be designated as 


mineral alkali or sodium and the latter 
as vegetable alkali or potassium. 

The most difficult and most fascinat- 
ing of all the potassium problems is the 
mechanism whereby it becomes concen- 
trated in the interior of living cells. The 
human body has approximately 175 
grams of potassium. Of this only thiee 
grams is found outside the cells. The 
cells hold two thirds of the body water 
and 97 pei cent of the total potassium 
of the body. On the other hand, the 
sodium of the body is located almost en- 
tirely outside the cells in the extracellulai 
spaces— in the blood plasma, the con- 
necting tissue and the fluid in the intei - 
stices between the cells. 

The stoiage of potassium in cells may 
be regarded as a piotective device to 
avoid the toxic effects that occut when 
the potassium concentiation in the 
bloodstream increases unduly. If this 
concentration m the blood increases to 
more than three oi four times normal, 
the beating of the heart will stop. With 
a little furtliei increase, neives cease to 
conduct their impulses and muscles fail 
to contract. If as little as six per cent of 
the cell potassium were allowed to es- 
cape quickly into the exh acellular space, 
the organism would piomplly die. Fortu- 
nately the cells ol our bodies never xe- 
lease their potassium so long as they aie 
alive, except slowly and in very small 
amounts. 

The normal human intake of potas- 
sium is about three grams pei day. It 
would not be difficult at a big banquet 



SODIUM AND POTASSIUM are members of tlie same 
chemical family. Sodium has II electrons circling in 
three orbits around a nucleus with II protons. Potas* 
sium has 19 electrons circling in four orbits around a 




nucleus with 19 protons. Each has only one electron in 
its outermost orbit, which gives them similar chemical 
characteristics. Yet in animal systems potassium is nox- 
mally concentrated inside the cells and sodium outside. 
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SIX NUCLEAR SPECIES of potassium are known, of 
wliicli three are made artificially. The three natural iso- 
topes are K-39, K-40 and K-41. K-39 accounts for 93.38 


per cent of the potassium in nature. K-41 accounts for 
6.61 per cent and K-40 for .01 per cent. Radioisotopes are 
shown in red. Protons are denoted by p, neutrons by n. 


to eat enough potassium to put oneself 
“under the table” peimanently, it the 
cells of the body did not watch over the 
rising level of potassium in the blood as 
the food is absoibed from the intestines. 
The cells can store 30 grams of extia 
potassium, The kidneys also help. They 
eventually excrete in the urine nearly all 
the potassium m food except small 
amounts needed foi the growth of new 
cells, a little is also lost in perspiiation 
and in the feces. 

T HE toxicity of potassium, curiously 
enough, was first discovered in a 
meat extiact prepaied by the German 
chemist von Liebig and put on the 
market as a food for infants about 1840. 
When this extract was fed to animals in 
sufficient quantity, the animals died, 
with symptoms later recognized as those 
of potassium poisoning Fortunately hu- 
man beings, and peihaps other animals, 
have a protective mechanism against 
concentrated potassium; they vomit if 
the stomach is offered too much of it. 
This has often been observed among 
physiology students when they drink 
rather concentrated solutions of potas- 
sium chloride, m accordance with labora- 
tory direction sheets, to illustrate the 
excretory powers of the kidneys. When 
such experiments are not nauseously and 
abruptly terminated at the sink, it is 
found that half the potassium appears in 
the urine in about four hours. 

Extraordinary records -in kidney ex- 
cretion have been observed in laboratory 


animals. In the writers laboiatory some 
mice were kept on a very high potassium 
diet and potassium was even added in 
then dunking watei in amounts that 
they could barely tolerate. Eveiy day 
foi nine days they ingested an amount 
of potassium equal to the total contained 
m their bodies, but when they were 
killed and analyzed for potassium at the 
end of the experiment, they were found 
to contain no moie potassium than nor- 
mal mice of the same size. The kidneys, 
m other words, had been able to keep up 
with the excessive intake. Moie recently, 
Jonathan S. Thatchei and Aithur W. 
Ratlike at Ohio State Umveisity have 
given potassium to rats by stomach tube 
in increasing amounts Thus conditioned, 
the rats were finally able to tolerate doses 
containing half the total potassium of 
the body, given four times at four-hour 
intervals. The rats could also be condi- 
tioned to tolerate tins tremendous influx 
of potassium by preliminary treatment 
with extracts of the adrenal cortex. 
When the secretions of this gland are 
absent, the excretion of potassium by the 
kidneys is imp aiied and it accumulates 
in the blood. It would be expected, 
therefore, that injections of extracts of 
this gland would facilitate the excretion 
of potassium by the kidneys. 

These experiments show how difficult 
it is to poison the body with potassium 
when it enters the bloodstream slowly, 
as it must from the intestines. If, how- 
ever, potassium is injected quickly into 
the bloodstream, it is extremely toxic. It 


is much moie toxic when injected into a 
vein than into an arteiy: from the vein it 
goes directly to the heail and may stop 
tlie beat, whereas hom the artery it goes 
to some less sensitive capillary bed in the 
skin or muscles, wheie it diffuses thiough 
the porous capillary walls and is taken 
up by the tissue cells. Even in the heart 
potassium would not be fatal if it could 
get thiough the organ before it stopped 
beating. When the heart stops, however, 
the potassium is left in its chambers and 
coronary vessels, where it is most haim- 
iul II the hand of a suigeon could reach 
m at this junctuie and massage the heait 
before it dies of lack of oxygen, the beai t 
would probably lecovcr and resume its 
beat. 

This suggests a practical method of 
resuscitation from electi ocution. A strong 
electric current through the heart stimu- 
lates different parts of the heart at differ- 
ent stages in its recoveiy from the pie- 
vious beat. Thus the coordination of the 
beat is destroyed and the cflectiveness of 
the heait as a pump is nil. The heait 
muscle no longer beats rhythmically, but 
instead it seems to “squirm” in a hap- 
hazard manner. The individual fibers are 
still beating but they are out of phase 
with one another. The cardiologist calls 
this fibrillation. If potassium were in- 
jected at this stage in a suitable concen- 
tration, it would stop the heart. If the 
potassium were then displaced by a 
second injection of sodium chloride or 
eliminated by manually squeezing the 
heart, the normal coordinated beat could 
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be lestorecl without any lesidual dam- 
age. Such tieatment lequiies gieat skill 
with the hypodeimic needle, however, 
and to be useful must obviously be 
prompt. 

When the heait dies, its cells give up 
some of their large potassium stores and 
the element diffuses into the blood. 
Thus lethal concentrations of potassium 
aie always found m the heart after 
death. (Wnteis of detective stones 
might well take note of this fact. Potas- 
sium would be an undetectable poison, 
foi chemical analysis of the blood of a 
victim killed by it would not show any 
foieign substance.) 

It is a stiikmg and puzzling tact that 
this substance, which is so toxic in the 
blood, is stored safely m large amounts 
inside the cells, whcie it is not only 
haimless but is probably required ioi the 
piopei metabolism of the cells. And the 
statement that potassium is toxic in the 
bloodstream also requnes some qualifi- 
cation. If the blood had no potassium at 
all, the heait would be ]ust as much in- 
capacitated as with loo much potassium. 
For its normal heat the heait lequires m 
the blood plasma about 100 paits ol so- 
dium to four paits of potassium and two 
parts of calcium. These are approximate- 
ly theielative concenh aliens ol the three 
substances in the ocean. In spite of the 
gieat changes in living foims wi ought by 
evolution, the basic living cells appai - 
ently still feel the need of a sally en- 
viionment like that in which life presum- 
ably began. 

P HYSICIANS now realize the dangers 
of too low a level of potassium in the 
blood. There is a heieditaiy syndrome 
called familial penodic paralysis in which 
the muscles become paralyzed, although 
foitunately it does not affect the muscle 
of the heart, at least for a time. The dis- 
oider can be treated by giving potassium 
by mouth. A potassium deficiency also 
sometimes occurs m patients who are 
given fluids intravenously in large 
amounts. If these contain no potassium 
and if the patient is not able to take a 
regular diet containing a supply of potas- 
sium, there may be so large a loss of 
potassium through the kidneys that the 
deficiency is felt: muscles become weak 
and death may result Persistent dial rhea 
m infants likewise may deplete the body 
potassium, foi all the intestinal secie- 
tions contain considerable amounts of 
potassium— three 01 more times as much 
as the blood plasma. Ordinarily this po- 
tassium is reabsorbed into the body, but 
when the intestines aie not functioning 
properly it is lost. A dose of potassium at 
a critical time may often relieve a paraly- 
sis and save a life. 

A method lor quickly analyzing the 
potassium in body fluids has recently 
been developed and is rapidly making its 
appearance in hospitals. The instrument, 
called the flame photometer, makes it 


possible to find out quickly whethei a 
potassium deficiency is threatening. It is 
essentially a gas burner into the base of 
which the solution to be investigated is 
mtioduced m the form of a fine mist fiom 
an atomizer. Each solution gives the 
flame a characteristic color. Light from 
the flame is then passed through a filter 
which isolates wavelengths chaiactenstic 
of potassium or whatevei other sub- 
stance is to be identified. The intensity 
of this light is measuied by a photoelec- 
tric cell. By the use of such an instill- 
ment, John S. Lockwood and his staff m 
the general suigical seivice at the Co- 
lumbia Univeisity Medical Centei be- 
lieve that they have been able m the last 
18 months to save the lives ol 10 patients 
who would otherwise have died 

The flame photometer is ceitain to 
show otliei applications of potassium 
tieatment in disease m the next few 
yeais. At least two other applications 
have already been woiked out by the 
tiaditional laborious chemical methods 
In cases ol surgical shock the blood gams 
potassium not only fiom tissues actually 
lnjiued by the operation or accident blit 
also from the liver and other tissues 
whcie it is stoied This potassium poison- 
ing, while not appai ently the piimavy 
cause of death, may sometimes be a con- 
tributing lactoi. Potassium may also be 
important in Addison's disease, in which 
the secretions of the adienal cortex are 
deficient. Among their other functions, 
the hormones of this gland serve to re- 
tain sodium in the body and to excrete 
potassium. In their absence excessive 
amounts of sodium are lost, and potas- 
sium is not piopeily excreted by the 
kidneys, Thus the symptoms of potas- 
sium poisoning may appear. Low-potas- 
sium foods or the administration of so- 
dium chloride will prolong life in this 
condition. 

Although potassium belongs mostly 
inside the cells, it must not be supposed 
that it is sealed up in them by an imper- 
meable mcmbiane. If a little radioactive 
potassium ( the isotope K-42 ) is injected 
into the blood, it rapidly exchanges with 
the common isotope K-39 m the cells, 
showing that the membranes are per- 
meable to potassium. This exchange is 
particularly rapid in the livei, which 
seems to be a sort of first line of defense 
against injected potassium; it is particu- 
larly slow in the brain and m the led 
blood coipuscles, which seem to main- 
tain their normal volume by a relative 
impermeability to potassium. If potas- 
sium went into the red cells freely it 
would take water and chloride with it 
and swell the cells until they hurst. 

The fact that potassium does enter the 
red cells slowly shows that there are 
some active metabolic processes in cells 
which can take potassium in or let it out 
as needed. When the cells have plenty 
of sugar to bum they may take in potas- 
sium, but when the sugar is used up the 
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potassium comes back into the plasma. 
In this respect they lesemblc yeast cells. 
When red cells are stored at low tem- 
peratmes (as in the Red Cross blood 
banks), potassium slowly leaks out into 
the plasma. If the cells aie warmed up 
again, the metabolism is increased and 
potassium returns to the cells from the 
plasma. It is remaikable indeed that po- 
tassium very frequently seems to follow 
the sugai into or out of the cells. Thus if 
an animal is startled or subjected to a 
situation, such as acute lack of oxygen, 
sufficiently critical to cause it to seciete 
adrenalin, some of the sugar comes out 
of its liver into the blood and the potas- 
sium concentration of the blood simul- 
taneously goes up. Likewise if much 
sugar is put into the blood, it moves into 
the tissues and takes some potassium 
with it. In this way sugai may bring on 
an attack of familial periodic paralysis in 
the victims of this disease. 

P OTASSIUM also moves about in the 
body during exercise. When muscles 
contract, they lose some of their potas- 
sium and absorb a nearly equivalent 
amount of sodium fiom the bloodstream 
in its place After exercise, when the 
muscles are recovering, the reverse 
piocess takes place. There must of 
course be some limit to this process, else 
one might run oneself to death by build- 
ing up the potassium in the blood to dan- 
gerous levels. Such potassium as is lost 
from the active muscles is normally 
taken up by inactive parts of the body. 
Possibly also a high level of potassium 
m the blood may make the muscles feel 
tired or make them less able to contract, 
so that the leakage from the muscles 
would be self-limiting. 

There are few bodily processes that 
are not influenced in some way by 
changes in the concentration of potas- 
sium in the blood plasma, which is the 
effective environment of all the cells of 
the body. Yet potassium is only one of 
the factors in this environment. When 
one of these factors changes, others usu- 
ally change also. Among these other fac- 
tors are sodium, chloride, calcium, mag- 
nesium and the degree of acidity or al- 
kalinity. On account of this interdepend- 
ence of many factors it is impossible to 
say that potassium is the most important 
factor; it is sufficient to designate it mere- 
ly as one of the factors about which 
a great deal has been learned in recent 
years. 

One of the chief characteristics of a 
living cell is die high potassium content 
of its interior. If we brew just how the 
cell manages to maintain this content, so 
different horn that of its environment, 

• we should know a lot about what a living 
cell really is. There are two theories in 
circulation today. According to the Con- 
way-Boyle theory, potassium enters the 
cell to . combine with or to neutralize 
organic acids that are formed inside tjjie 


cell and have molecules too huge lo come 
out tluough the cell membiane, they can 
be reached only inside the cell Sodium, 
on the other hand, cannot peneliale the 
membrane to seive this purpose, or to 
exchange with potassium. Its ion, which 
is charactenstically suiiounded by a shell 
of water molecules, is Loo large This 
theoiy has been stated in exact mathe- 
matical terms by E. J. Conway of 
Dublin and has been suppoited by some 
very good experimental data. Conway 
has succeeded pretty well m answering 
most ol the objections to his theory, but 
he has not satisfactorily explained the 
fact that muscles do seem to be perme- 
able to sodium, as shown by experiments 
with a radioactive isotope of sodium, 
Na-24. 

The second theory to explain why 
potassium rather than sodium is accumu- 
lated in cells is that sodium does enter 
the cells hut is pumped out again by 
some unknown mechanism. This theory 
was fix st proposed by Robeit B. Dean at 
our laboiatory. A pump which consist- 
ently cleared the cells of sodium would 
explain all the observations, but the na- 
ture of such a pump is entirely unknown 
and except in a mathematical sense the 
suggestion contributes little lo an under- 
standing of the real mechanism, To the 
specialist these theories arc of absorbing 
interest, however, for they stand at the 
very center of the organizational piob- 
lem of living material. 

The high concentration of potassium 
inside cells is believed to have an impoi- 
tant effect on the electrical currents of 
the body. The membranes of cells appear 
to be permeable to potassium, yet there 
is a marked difference in the concentra- 
tion of potassium on the inside and the 
outside of a membrane. It is as if the 
small, positively-charged potassium ion 
found itself able to penetrate the mem- 
brane but was held back by the large 
organic phosphate or protein molecule 
with which it was combined. This results 
in an orientation of molecules near the 
surface of the cell, with the positively- 
charged potassium pointing outward and 
the negatively- charged phosphate point- 
ing inward. The result is a polarization 
of the membrane, and a difference in 
electrical potential of about seven hun- 
dredths of a volt between the inside and 
outside of the cell. 

If this is a muscle or a nerve cell, 
which can be stimulated to conti act or 
conduct a nerve impulse, it is believed 
that the membrane suddenly becomes 
more permeable, thus temporarily di- 
minishing the potassium polarization and 
causing a brief pulse of current. Potas- 
sium therefore appears to be responsible 
for the electric currents familiar as elec- 
trocardiograms and brain waves. There 
are also many other electrical pulses 
known to physiologists originating in all 
the nerves and muscles of the body. Thus 
the energy of stored potassium can be 


transfoimed by the body into electrical 
energy. 

The skin of animals, including man, 
is polarized m a similar way, except that 
the inside is positive and the outside is 
negative The cause of this difteiencc in 
potential is not precisely known, but it 
may be fundamentally i elated to differ- 
ences in the distribution of potassium in 
the various layers of the skin. Whatever 
the explanation, it is well known that 
when the skm is even slightly injured, 
the injured area has a negative charge. 
The process of healing can be followed 
by measuring the potential of the injured 
area from time to lime. 

From the loregoing discussion it is 
evident that potassium moves about in 
the body by diffusion, absoiption or se- 
cretion. Diffusion from a high concen- 
tiation to a lower one we can under- 
stand, but absorption and sccietion are 
words to conceal our ignoiance, Potas- 
sium probably enteis the blood from the 
intestine largely by diffusion, but some 
absorption process may be involved. 
Potassium must enter cells against the 
concentration gradient, and here also 
there is evidence that some active me- 
tabolic process participates. Fiom the 
bloodstream, potassium reaches cells by 
diffusion through the walls of the capil- 
laries, From the kidneys, potassium 
leaves the body by filtration of fluid and 
salts and by active "secretion.” 

A LL of these processes would seem to 
- offer some opportunity for a sepa- 
ration of the different isotopes of potas- 
sium. Rates of diffusion aie inversely 
proportional to the square roots of the 
atomic weights, so the rates of diffusion 
of K-39 and K-41 might differ by 2.4 
per cent. For this leason it is conceivable 
that during a lifetime there might de- 
velop in the body an excess of either the 
lighter or the heavier isotope, depending 
upon which one of the various diffusion 
processes mentioned might he the more 
important. Many efforts to discover some 
isotopic separations of this sort have 
been made. A. Keith Brewer of the De- 
partment of Agriculture has studied the 
relative abundance of K-39 and K-41 by 
the use of the mass spectrometer. He has 
reported a relative deficiency of the 
heavier isotope in bone marrow and a 
relative excess in the auricles of the 
heart. He has also found some excesses 
of K-41 in kelp and other plants. But 
these interesting findings require further 
confirmation. 

In the writer's laboratory an effort was 
made to determine the relative abun- 
dance of the radioactive isotope K-40 in 
potassium isolated from human ashes 
obtained from the crematorium of the 
medical school. Counts were then made 
with a Geiger counter of the number of 
disintegrations obtained per second 
from this human potassium, as compared 
with another sample of laboratory potas- 



sium heated m exactly the same manner. 
Averaging many experiments togethei, 
we seemed to find a relative deficiency 
of K-40 of about 2.3 per cent in human 
potassium, but the difference was so 
small as to be of somewhat doubtful sig- 
nificance. More lecently Lonn Mullins, 
who made the original experiment, has 
repeated it with better apparatus and 
has found no diffeiences in the relative 
abundance of K-40 m samples derived 
horn lava rock, beach wood, hoi so bones, 
cow bones and ordinal y commercial 
sources What systematic ciror may have 
entered into the expci iments we pei- 
formed we cannot say, but it now seems 
very doubtful that there is any natmal 
separation of potassium isotopes by liv- 
ing cells. 

The importance of the natuial radio- 
activity ol potassium m geological proc- 
esses has aheady been mentioned. It 
remains to discuss the possible biological 
role of these ionizing disintegrations, 
which aie occuning m our bodies con- 
tinuously at the late of about 3,500 per 
second, 01 about thiee disintegrations 
per giam of tissue every minute. That 
these discharges of electrons from K-40 
have mipoitant effects on the heart beat, 
on nervous activity and cm photosyn- 
thesis in plants has often been suggested, 
but no proof has been forthcoming. Cer- 
tainly the paralyzing effects on the heart 
and muscles of abnormally low potas- 
sium in the blood plasma arc not due to 
lack of this radioactivity, because plenty 
of radioactivity reaches the cells from the 
potassium withm them. 

It is of course possible that ionizing 
radiations may have some obscure effect 
on long-term processes such as aging. It 
would indeed be interesting to study the 
aging of animals that were protected 
from exposuie to cosmic lays and were 
laisecl on potassium iiee of the ladioac- 
tive isotope. The experiment is impossi- 
ble to carry out at piesent. In any case 
there is no reason to expect that it would 
provide the key to immortality. 

The possibility that K-40 or cosmic 
rays may cause mutations m plants and 
animals seems more plausible, but a cal- 
culation ol the intensity of such radia- 
tion to which their germ cells arc exposed 
indicates that the chances of this are 
very remote. K-40 produces an intensity 
of radiation m the body which is of the 
same order of magnitude as that caused 
by cosmic rays. But it is a much less 
potent source of chronic radiation than 
radium, which tends to accumulate to a 
small extent in the bones. Not even 
radium, howevei, appears to reach dan- 
gerous levels under the normal condi- 
tions of life. 


Wallace O. Fenn is profes- 
sor of physiology at the Uni- 
versity of Rochester School 
of Medicine and Dentistry . 
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CELL may derive its electrical charge from tlic association of potassium with 
a large molecule. Positively-charged potassium atom can pass through per- 
meable cell membrane (black ) , while negatively-charged large molecule 
cannot. Outside of membrane is thus positively charged and inside negatively. 



EVIDENCE for the belief that the outside of a cell is positively charged and 
the inside negatively charged is experiment with muscle cell. Electrodes 
placed on outside of cell (top) ideally" reveal no potential. If one electrode 
is placed on injured area, however, potential of 70 millivolts is registered. 
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ONE SIDE of the corridor at the northern entrance to Bossert first came to the site, only the tops of these 
the Karalcpc citadel is lined hy stone slabs carved with slabs were visible above the ground. The bas-reliefs 
bas-reliefs and old Phoenician inscriptions. When Dr, and inscriptions were later laid bare hy excavation. 
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Hittite and Phoenician inscriptions says that citadel was 
built by Asitawandas, King of the Danuna and member 
of the dynasty of Mopsos. Citadel was called Asitawanda. 



HITTITE 

CITADEL 

Passageway on a hill 
in Turkey is the key 
to undeciphered script 
of a dead civilization 

T HE HitUtes, the energetic and civi- 
lized people who ruled a gieat part 
of Asia Minor and Syria for most of 
the second millennium B.C., wrote both 
a cuneiform and a hieroglyphic script. 
Since their discoveiy in 1812 the hiero- 
glyphs have resisted all attempts to 
translate them. Recently, howcvci, H. T. 
Bossert of the University of Istanbul and 
his co-workers found the key to the un- 
deciplieied script. Sometime before 730 
B.C. a late Hittitc king named Asitawan- 
das had built a citadel on a hill called 
Karatepe m what is now southeastern 
Turkey. The citadel could be entered 
through two corridors decorated on both 
sides with inscribed and sculptured stone 
panels. One side of each corridor. Dr. 
Bosseit discovered, is inscribed with 
hieroglyphs. The other is inscribed with 
the translatable old Phoenician script. 
Like the Greek inscription on the Rosetta 
Stone, which luns parallel to two Egyp- 
tian inscriptions, the Phoenician script of 
Karatepe tells the same story as the hier- 
oglyphs Dr. Bossert s discovery also 
provides the key to other Hiltite hiero- 
glyphic inscriptions, many of which have 
been found m Asia Minor. When enough 
of these inscriptions have been trans- 
lated, they are expected to fill a gap of 
some six centuries m the history of a 
relatively little-known region and people. 
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BAS-RELIEF shows Asitawandas (left) at a banquet. Great curved nose and 
sloping forehead were characteristic of tlic Hittites. Asitawandas was prob- 
ably the last Hittitc king before his country became an Assyrian province. 



THREE SCRIPTS are compared. At 
top is hieroglyphic. In center is old 
Phoenician. Below: modem Hebrew. 


BAS-RELIEF of a galley built by the Danuna is one of earliest representa- 
tions of a seagoing vessel. Asitawandas’ Mopsos dynasty is famous in Greek 
legends, Karatepe inscriptions are first evidence that it was not Greek. 
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Mutation by Streptomycin 

A TOTALLY unexpected propel ty ol 
streptomycin, the antibiotic derived 
from a soil mold ( see page 26), lias 
opened up an exciting new branch of 
research. It has been found that strepto- 
mycin can cause a mutation m plants 
which makes them incapable of manu- 
facturing chlorophyll, the green coloring 
matter of plants. 

The discovery was made by Albert 
Sclialz of the Sloan-KcLtermg Institute 
and Luigi Piovasoli and S. II. Hutner of 
the Haskins Lahoratoiies. They were 
using streptomycin to prepare baclcria- 
liee cultures ol euglcna, a microscopic 
flagellated alga that occupies a twilight 
zone between the plant and animal 
worlds. After a few days’ incubation 
with streptomycin the alga surprisingly 
lost its gieen coloi and its ability to carry 
on photosynthesis. Even when the alga 
was transferred to a medium that con- 
tained no streptomycin, it failed to re- 
gain its color, showing that the organism 
had undergone a hereditary change. The 
modified euglena was kept alive only by 
feeding it organic material that it had 
toimerly manufactured for itself. 

Microscopic examination showed that 
streptomycin destroyed the ehloroplasts, 
the tmy chlorophyll-bearing bodies of 
the green plant cell. It had no other dis- 
cernible effects, Othei investigators ob- 
tained similar results m higher plants by 
treating seedlings with streptomycin. 

The phenomenon has several interest- 
ing consequences. It provides a simple 
test for the presence of streptomycin. It 
affords a method for creating parallel 
strains of green and colorless plants for 
studies of photosynthesis. And it pro- 
vides a rare opportunity to direct the 
mutation of a living organism m a pre- 
dictable way. Most other mutagenic 
agents such as X-rays merely increase 
the frequency of mutations; so far as is 
known they do not control the specific 
kind of mutation that may result. The 
only other agent that is known to pro- 
duce “directed” mutations is desoxy- 
ribonucleic acid, a constituent of genes. 
It alters three varieties of bacteria in a 
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specific way— the pneumococcus, E. coli 
and Shigella. Its action converts one 
strain mto another, and the convcision is 
reversible. Streptomycin pioduces quite 
anothei type ol change— a “loss” muta- 
tion lathei than a convcision 

Cytochrome C for Senility? 

C YTOCHROME C is an enzyme that 
plays a cential role m the utilization 
ol oxygen by the body cells, [t has been 
studied as a possible factor m cardio- 
vascular disease Now two Virginia phy- 
sicians find that it may be important m 
maintaining the functioning ol the brain 
in aging people. W. O. Klmgman and 
R. W. Garnett, Jr., of the University of 
Virginia Hospital, report that treatment 
with the enzyme reduced the in liability 
and vagueness of 11 ol 17 elderly pa- 
tients who had cerebral arteriosclerosis 
and similar mental disunions of senility. 

The mechanism by which eylochiome 
G produces this effect is unclean It is 
known that the tissue of the centnib 
nervous system is particularly sensitive 
to oxygen dcpiivation. Perhaps one fac- 
tor in mental senility is an inadequate 
supply of oxygen to the buiin, as a result 
of degenei alive changes in the cerebral 
blood vessels during the aging process. 

The Virginia test followed the discov- 
ery by Samuel Froger and D. Dekaneas, 
of the New England Medical Center, 
that cytoclnome C overcomes the effect 
of oxygen deprivation upon mental func- 
tioning m simulated high-altitude flights. 
The enzyme has no effect on emotional 
difficulties. Only people with previously 
normal personalities have been helped, 
and the improvement lasts only as long 
as the treatments are continued. 

Cosmic Rays 

C OSMIC lays have usually been as- 
sumed to come from interstellar 
space. R. D. Richtmyei of the Institute 
for Advanced Study and Edward Tellei 
of the University of Chicago now suggest 
that they may originate within the solar 
system. The two physicists have ad- 
vanced the hypothesis that cosmic rays 
are born near the sun and are distributed 
throughout the solar system by an elec- 
tromagnetic field that extends from the 
sun out past the outermost planet. 

Enrico Fermi of the University of Chi- 
cago had suggested that cosmic rays 
might stem fiom fields wandering in. in- 
tergalactic space; but his proposal did 
not account for the fact that nuclei of 
heavy elements, as well as protons, are 
found in cosmic radiation. Richtmyer 


and Teller find that both protons and 
heavy nuclei could be accelerated to the 
enoimous velocity of cosmic-ray parti- 
cles by an extended magnetic field of 
solar origin. Only a negligibly small 
h action of the sun’s energy would be 
needed to geneiate a field ol the neces- 
saiy intensity. 

Such a magnetic field has not yet been 
actually obseived; the intensity would be 
too low loi it to be easily detected The 
field would not only accelerate protons 
and heavy nuclei to cosmic-iay eneigies, 
but would distribute them throughout 
the solar system with the high degree of 
unifoimity which is an outstanding chai- 
aeteristic of cosmic radiation. The field 
would also keep them cn dilating until 
they struck a body like the caith. They 
might circulate fox pciiods of 1,000 years 
to SO million. The Bntish-bom physi- 
cist W. F. G. Swann was the Hi st to sug- 
gest, in 1933, that the sun might he the 
source of cosmic rays, hut he had in mind 
a (pule different mechanism. 

Wind Power 

I T HAS been quite a while since the 
wind was last considciecl seriously as 
a major source ol power, but the United 
Nations now lias bclorc it a proposal that 
at least meiits study. Its author is Peicy 
H. Thomas, an engined of the U.S. 
Federal Power Commission He offeis 
the ingenious suggestion that wind- 
driven geneiatois be combined with 
water -power and steam units m an inte- 
grated system, in much the same way as 
waterpower and steam are coupled now. 

Wind and water power would work 
together, the one ironing out the iiregu- 
laiities of the other, with steam “firming 
up” the power delivered by the two. An 
experimental generatoi built m Vermont 
bcfoie the war indicates that wind gen- 
erators, cheap to buikl and opeiate. 
Would deliver electricity at lower cost 
than either steam or water power. 
Thomas presented his pioposal to the 
UN Scientific Conference on the Con- 
servation and Utilization ol Resources. 

Sky Survey 

ALTHOUGH the sky has been photo- 
+ graphed extensively for half a cen- 
tury, it is so vast that only a compara- 
tively small portion of it is yet explored. 
The Palomar Mountain observatoiy, 
home of the 200-inch Hale telescope, has 
now undertaken the task of providing 
astronomers with a systematic atlas of 
the heavens. The project, sponsored 
jointly by the California Institute of 




Technology and the National Geo- 
guxphic Society, and dnected by Edwin 
P. Hubble, will take four yeais to com- 
plete. 

For this job the observatory will use 
its big Schmidt photogiaphic telescope, 
it would take 50 centuries to covei the 
same area with the tiny field of the 200- 
mch. The Schmidt, specially adapted to 
photographing wide aieas, is the hugest 
of its kind in the woild. It probes the 
skies to a depth of 300 million hght-yeais 
—only a third as iar as the 200-inch, but 
10 tunes as far as any pievious wide- 
angle photogiaphic telescope. 

The suivey will record some 500 mil- 
lion stais and peihaps 10 million extia- 
galactic nebulae on 2,000 plates. Photo- 
giaphs will be made through both led 
and blue filters to assist aslionomeis m 
determining the stais' colois. Fioni the 
eminence of Palomar, the Schmidt can 
cover about three quarters of the heavens 
with high accuracy. An additional 10 per 
cent can be covei ed to some degree. 
The atlas, eompiismg 20 volumes, will 
be sold to other obseivatones at cost, 
approximately $2,000 pei set. 

Bntain s Royal Observatoiy, now be- 
ing moved from its historic site at Green- 
wich to Huistmoneeux, will have in its 
new site a new 98-meh telescope, the 
tlin*d largest in the world and the largest 
outside the U.S. The mmoi foi it is a 
gift of the Univeisity of Michigan's 
McGregor Fund. The minoi was pouied 
and ground during the 1930s for a new 
observatoiy which was nevei completed 
foi lack of funds. The McGiegor Fund 
trustees donated the mirroi, which has 
been m storage, to the Royal Obseiva- 
toiy during the lecenl American visit of 
Sir Herbert Spencer Jones, the British 
Asti onomer Royal. 

Science Foundation 

T PIE proposed National Science Foun- 
dation, lost m the hurly-burly of 
more controversial legislation during the 
past year, appears to be approaching a 
decision. A bipartisan bill designed to 
meet the objections to the measure ve- 
toed two years ago by President Truman 
has passed the Senate. A generally simi- 
lar bill, sponsored by Representative J, 
Peicy Priest, Tennessee Democrat, has 
been leported favorably by the House 
Interstate and Foreign Commerce Com- 
mittee It is possible that the final meas- 
uie may clear both houses before Con- 
gress adjourns for the summer. If not, 
Congress can continue work on the same 
bills in the fall, for unfinished bills need 
be reintroduced only when a new Con- 


giess is elected. Thus in all likelihood 
the Foundation will come into existence 
by the end of 1949. 

Atomic Energy 

T PIE Congiessional investigation of 
the Atomic Energy Commission, 
which began with a display of angry 
headlines m May, droned on thiough the 
heat wave of June and July. It appealed 
that the tangible results would be two. 
1) the lequnement of a loyalty oath 
horn recipients of AEC fellowships, al- 
ready oidered; 2) sharper sciutmy of 
atomic energy contracts by Congress. 
Senator Bnen McMahon, chairman of 
the Joint Committee on Atomic Eneigy, 
mtioduced a bill that would requite the 
AEC to obtain fiom Congiess advance 
appioval of all its projects and piogiams, 
at the tune when it piesents its budget 
each year 

In the hearings on Senator Bourke B 
Hickenloopei's charges of ‘‘incredible 
mismanagement” against the Commis- 
sion, Hickcnloopcr offered in evidence: 
I ) that a school at Hanford originally 
expected to cost $1,786,000 had finally 
cost $3,966,000; 2) that the town of 
Richland, wheie workers in the Hanford 
plutonium works live, was run on “fas- 
cists” lines without “room for free enter- 
prise”; 3) that the AEC was going ahead 
with a $10 million natural gas pipeline 
to Oak Ridge despite the objections of a 
ITouse committee headed by Represen- 
tative Carl Durham of North Carolina, 
The AEC replied; 1) the school had to 
be built on a poor site, and construction 
had to be lushed to avoid losing em- 
ployees with families; 2) Richland had 
been even moie restricted during the 
Manhattan District regime, and restric- 
tions were gradually being reduced; 3) 
the gas pipeline would not only safe- 
guard Oak Ridge against an inteiruption 
m its coal supply, but, because of the 
low cost of natural gas, would pay for 
itself in eight years. 

The healings finally laid to rest the 
alarming case of the missing U-235. The 
Joint Committee's own technical con- 
sultant, Ernest W. Thiele of the Standard 
Oil Company of Indiana, joined the Fed- 
eial Bureau of Investigation and the 
AEC in dismissing the possibility of es- 
pionage in the incident 

Cleared Scientists 

A PPARENTLY there are comparative- 
-ly few scientists in the U.S, who 
have not been investigated at one time 
or other by the Federal Bureau of In- 


vestigation A recent lepoit by the Sci- 
entists' Committee on Loyalty Problems, 
an affiliate of the Federation of Ameri- 
can Scientists, shows that security cleai- 
ance is now a requirement for a very 
large piopoition of Government-subsi- 
dized scientific work. Many, peihaps 
most, of the scientists who woik on proj- 
ects suppoited by the Atomic Energy 
Commission, the Aimy, the Navy and 
the Aii Force, oi their conti actors, must 
obtain such cleaiance. Some university 
and mdustnal lab oi atones with military 
or AEC contracts lequue clearance for 
all employees, whether oi not they are 
engaged m seciet woik, as a matter of 
“administrative convenience ” 

The Scientists' Committee, headed by 
the Princeton astronomer Lyman Spitz- 
el, Jr., observed that the AEC is the only 
agency that has published its cnteiia for 
clearance. All of the agencies except the 
Navy allow hearings to employees ac- 
cused of political unreliability, but the 
hearing procedures vary greatly. The 
aimed forces have a joint Personnel Se- 
cunty Board and a joint Review Board 
to which employees of their conti actois 
may appeal The latter board is com- 
posed mainly of military men; its hear- 
ings are seciet and no notes may be made 
by the defendant oi his lawyei. 

Prescription Refills 

T HE U.S. Food and Drug Administra- 
tion has launched a campaign to end 
the widespread practice of refilling pre- 
scriptions without specific authorization 
from a physician. The campaign is di- 
rected particularly toward imposing 
tightei control over the sale of barbitu- 
rate sleeping tablets, which cause several 
thousand deaths a year The FDA also 
wants to bring under control the sale of 
benzedrine, sulfa drugs, antibiotics and 
other poweiful new pharmaceuticals. 

The Administration is proceeding un- 
der the Food, Drug and Cosmetics Act 
of 1938. A U.S. Supreme Court decision 
last year, holding that a drug manufac- 
tured in one state and sold in another 
was m interstate commerce, placed vir- 
tually all retail drug sales within the 
FDA's province. 

Meetings in September 

A MERICAN Psychological Associa- 
- tion. Denver. September 6-10. 
American Chemical Society. Semi- 
annual meeting. Atlantic City. Septem- 
ber 18-23. 

American Society of Mechanical Engi- 
neers. Erie, Pa. September 28-30. 
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The competition of microorganisms has provided man 
with powerful agents against infection. Presenting 
a review of their discovery and their development 

by George W. Gray 



PEMCILLIUM NOTATUM grows in three white-bor- diffusing outward from the PenicilHum has killed or in- 
dered colonies on an agar-filled Petri dish. Also grow- hibited the microorganisms. It was this effect that led 

agar is a colony of microorganisms. P enicillin Alexander Fleming to the discovery of penicillin in 1928. 
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T HE quantity of gaiden soil one can 
easily pick up between the thumb 
and forefinger amounts to about one 
giam. Within that thirtieth oi an ounce 
is a teeming woild of living things— per- 
haps as many miciobes as there are hu- 
man beings on the earth. Estimates 
based on actual counts under the micro- 
scope indicate that a gi am of rich humus 
contains thousands of millions of micro- 
organisms, both plant and animal. Other 
tests reveal the piesence of innumerable 
viruses too small to be seen beneath the 
optical mici oscope . 

This crowded woild of the soil is a 
highly competitive society m which one 
finds both coopciation and antagonism. 
Some of the microbes have a closely knit 
community of interests. One species will 
assist anothei m breaking down complex 
compounds of dead organic mattei to 
simpler substances, which both then 
utilize as food. These natuial scavengeis, 
01 saprophytes, constitute an oigamzed 
miciobial economy, with mutual depen- 
dence, division of laboi and shaiing of 
benefits. Some microbes live by attack- 
ing and destioying other living things. 
Not only may a parasite attack a sapio- 
phyte or anothei paiasite, but the same 
sapiophytes that work togcthci m har- 
monious teamwork may, under changed 
conditions, fight one anothei in competi- 
tion for food or other advantages. The 
soil is a battlefield ol the universal strug- 
gle for existence. 

Some microbes fight the battle with 
chemical compounds that destioy their 
competitors. Whether there is purpose in 
this chemical warfare we cannot say. It 
may be that tlie blue- green mold exudes 
penicillin as the human body exudes 
sweat, and that certain microbes of dis- 
ease just happen to be sensitive to this 
substance. Whatever the reason and the 
process, numerous microbes produce and 
lelease into the soil chemical by-products 
that poison other microbes. It is these 
substances that are called antibiotics. 

The discovery that some of the anti- 
biotics also protect man and assist m 
fighting human infections has set bac- 
teriologists, biochemists and other spe- 
cialists on a grand quest. Soil 01 gam sms 
fiom many parts of the world have been 
sought out and tested for the piolective 
chemicals they pioduce, and m this way 
several hundred antibiotics have been 
discovered. Most are too toxic for inter- 
nal use, but four have proved strikingly 
effective against a wide range of human 
diseases. They are penicillin (first ad- 
ministered systemically to human cases 
in 1941), streptomycin (1944), Chloro- 
mycetin (1947), and aureomycm 
(1948). Penicillin and streptomycin are- 
each being produced in the U.S. at the 
rate of about six and a half tons per 
month, while Chloromycetin and aureo- 
mycin are rapidly approaching large- 
scale industrial production. A still more 
recent find, neomycin, was announced a 


few weeks ago to give highly piomismg 
lesults in test tubes and animals, and 
physicians await the clinical tests which 
will deteimme whethei oi not it is medi- 
cally useful. 

Antibiosis 

Oui knowledge of antibiotics dates 
back to the time of Louis Pasteur. In 
1877, dui mg his pioneeimg studies of 
anlhiax, Pastern noticed that a colony 
ol the bacteria suddenly stopped growing 
and piesently died. He searched for the 
cause ol this mystenous destruction and 
tiaced it to the presence ol othei bacteria 
drifting in the an which chanced to set- 
tle on the cultuic medium. These alien 
bactena possessed the powei to inhibit 
the hie piocesses ol the anthrax bacillus, 
and Pasteur prophesied that the antag- 
onism of one species of microbe for 
another might prove to be of piactical 
seivice to medical science. Other bacte- 
riologists noticed the same effect with a 
variety of microoigamsms, and m 1899 
the English botanist PI. M. Waul pio- 
vided a name for this microbial antago- 
nism. He called it antibiosis. 

The fiist antibiotic to be used medic- 
inally was pyocyanase, a substance pro- 
duced by the blue-pus bacillus, which 
was found to inhibit the growth of the 
diphthena oiganism. This discovciy in 
1899 was hailed as a step m the conquest 
of diphtheria; m practice the results were 
disappointing, and alter a series of fu- 
tile trials pyocyanase retiled into the 
limbo of unsuccessful drugs. During the 
next four decades microbiologists again 
and again hit upon new antibiotics in the 
course of their researches, but few of 
them advanced far beyond the test-tube 
stage or became known outside the labo- 
ratories. In 1928 Alexander Fleming of 
London came upon the antibiotic which 
he named penicillin. He published a pa- 
per recoiding his experiments, but his 
discoveiy lay idle and unused for a 
decade. 

In 1939 Rene J. Dubos of the Rocke- 
feller Institute for Medical Research de- 
scribed a bacterial exudate that showed 
a powerful antagonistic effect against 13 
strains of the blood-destroying strepto- 
cocci, two strains of the golden staphy- 
lococci that cause boils and abscesses, 
and eight virulent varieties of the agent 
that causes pneumonia. These results at- 
tracted attention on both sides of the 
Atlantic. In many laboratories micro- 
biologists began a reinvestigation of the 
known antibiotics to see if among them 
any other possibly useful diug could be 
found. 

Gramicidin and Tyrocidine 

Dubos, a graduate of the French Na- 
tional Institute of Agronomy in Paris, 
emigrated to the U.S. m 1924. Among 
the passengers on his ship was Selman 


A. Waksman, piofessoi ot microbiology 
at Rutgers University, and the two quick- 
ly struck up an acquaintanceship. By the 
time the ship had docked the young 
Frenchman had decided to take courses 
under Dr. Waksman The problem that 
Waksman assigned to him was how bac- 
teria act m decomposing cellulose. Moie 
than a ton of leaves, brush and other 
cellulose-contammg material falls on 
each acie of woodland annually, and the 
question was how the sapiophytes de- 
composed this tough, fibious substance. 
Dubos worked nearly three yeais on the 
problem and identified certain bacteria 
that produced specific enzymes which 
digested the cellulose. 

O T. Avery at the Rockefellei Insti- 
tute heard of Dubos’ woik and was im- 
mediately interested Avery had been 
deep in a study of the miciobe which 
causes pneumonia, a bactenum of the 
globular or coccus form. This parasite 
was peculiar in its possession of a cap- 
sule of resistant material. The capsule 
protected the pneumococcus from the 
white cells of the bloodstream, it was 
Dr Aveiy’s idea that if some means 
could be devised to dissolve it, the ex- 
posed paiasitcs would fall an easy prey 
to the blood cells “I am suie that m the 
soil thcie is an organism producing the 
enzyme you want,” asseiled Dr. Dubos, 
and it was this prospect that brought him 
to the Rockefeller Institute in 1927. By 
1929 Dubos had found the enzyme. 
When the capsular matenal was sepa- 
rated from the cells of the pneumococci 
and the enzyme was added to a mess of 
this matenal, the latter was quickly dis- 
solved. Further experiments showed that 
the enzyme would woik in the animal 
body as well as in the test tube, and 
soon a series of papers repoited the con- 
trol of pneumonia in mice, labbits and 
monkeys by injections of this substance. 

Another pioblem under investigation 
at this time was the measurement of 
creatine in the blood and other body 
fluids . Dubos turned again to his soil oi- 
ganisms, and found among them a spe- 
cies which produced an enzyme that 
attacked the creatme molecule. From the 
breakdown products the amount of crea- 
tine in a cubic centimeter of blood was 
determined. 

“These results led me to think that 
there might be an enzyme which would 
attack a whole bacterium and destroy it, 
just as the enzymes had attacked the 
cieatme and the capsular material,” says 
Dr Dubos. "I selected the staphylococ- 
cus for these tests. I took samples of soil 
and sewer water, cultured them in a 
broth of nutrients, separated the various 
organisms that developed, and then cul- 
tured each in a vessel. The next step was 
to add an inoculation of staphylococcus 
to each culture. It wasn't long before we 
observed that in one vessel the staph had 
disappeared. The organism which had 
this effect was a saprophytic bacterium 
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known as Bacillus bievis Watching 
through the microscope, we saw the lod- 
hke bacillus attach itself to the globuhu 
staphylococcus, and piesently the coccus 
dissolved before our eyes/' 

Dr. Dubos assumed that the bacillus 
released an enzyme which digested the 
staphylococcus, but he found that the 
matenal was not an enzyme It turned 
out to be a substance which poisoned the 
staphylococcus. Then the native en- 
zymes witlnn the coccus digested the 
dead cell. 

The experinienteis now turned to 
mice. Dr. Dubos infected them with 
various disease agents, and injected a 
shot of the ext’ act B. brevis into each 
mouse. He noticed a systematic selectiv- 
ity in the effect. Bactena are classified 
according to their response to a staining 
technique devised some 60 years ago by 
the Danish biologist Hans Christian 
Giam. Some absorb Grains stain and 
show a marked change in coloration, and 
these are called gram-positive bacteria; 
otheis do not retain the stain, and are 
called gram-negative. The orderly result 
that Dr. Dubos observed among his mice 
was this: Those infected with gram- 
positive bacteria, such as staphylococ- 
cus, streptococcus and pneumococcus, 
usually got well; those infected with 
gram-negative bacteria, such as the ty- 
phoid fever and colon bacilli, uniformly 
died despite the injection. Because of 
this specificity of effect m accordance 
with Gram’s stain, Dubos named the 
new-found substance gramicidin. 

A chemical purification was under- 
taken in collaboration with R. D. Hotch- 
kiss of the Institute; It was found that 
the material was not a pure substance 
but a mixture of two antibiotics and 
some impurities. The more potent frac- 
tion constituted about 20 per cent of the 
mixture, and for it Dr. Dubos retained 
the name gramicidin. The othei anti- 
biotic, about 60 per cent of the mixture, 
was given the name tyiocidine. And the 
mixture itself Dr. Dubos chose to call ty- 
rothricin, Pasteur’s fiist assistant Duelaux 
had studied certain bactena in cheese 
which caused the death of other bacteria, 
and to them he had given the name tyro- 
tbrix, meaning cheese rod. “It was in 
recognition of Duclaux’s earlier work 
that I named the, new-found materials 
tyrothricin and tyrocidine,” says Dr. 
Dubos. Dubos and Hotchkiss reduced 
both gramicidin and tyrocidine to crys- 
talline powders, and this was the first 
time that an antibiotic had been ob- 
tained in chemically pure form. 

As the experiments were extended to 
rabbits, both gramicidin and tyrocidine 
proved to be toxic. This toxicity had not 
shown up in the mouse experiments, be- 
cause these small animals were injected 
intraperitone ally ; that is, the antibiotic 
was introduced into the abdominal cav- 
ity occupied by the digestive tract and 
had not got into the mouse’s blood- 

f 28 


sticam. In rabbits the tnulitional point 
of entry is a vein of the ear, and when 
giamicidm was injected here it cnteicd 
the on dilation and attacked the blood 
cells. Experiments with dogs confumed 
this hemolytic effect, and it was lecog- 
mzed that neither giamicidm nor tyio- 
cidine should be introduced into the 
human body Then use iheiefoie has 
been restricted to external applications, 
in wet chessmgs on soies and infected 
wounds, in salves and bandages, m nose 
drops and lozenges. Veterinarians have 
found them valuable m the treatment of 
infectious diseases in animals. 

In the summer of 1939 Di. Dubos 
gave an account of his experiments to 
the International Congress of Microbi- 
ology in New York. Among those who 
sought him out at the close of the address 
was a quiet, gray-haiied Englishman 
who introduced himself as Alexander 
Fleming. Dubos vaguely remembered 
that some years before Fleming had pub- 
lished a paper rep oi ting the antibiotic 
action of a substance pi educed by a 
mold. 

Penicillin 

Dr. Fleming was a bacteriologist at 
St, Mary’s I lospital in London, hi 1 939 
his discovery of penicillin was already 
11 years old. Scarcely anyone outside a 
small circle of English bacteriologists re- 
membered it. 

The discovery was pine accident. 
Fleming had grown staphylococci m a 
cultme plate and had left the plate un- 
covered. Some days later he observed a 
tiny spot of contamination where some 
airborne organism had chanced to land 
and grow. Such accidents aie not un- 
common in bacteriological laboratories, 
and the usual procedure is to scrap the 
contaminated plate and stait a new cul- 
ture. Still Dr. Fleming examined Ins un- 
bidden visitor carefully. He noticed that 
it was a liny fungus of the type that 
grows on biead, cheese and other foods 
as well as in the soil, and he recognized 
it as one of the numerous biushlikc spe- 
cies known as peniciliia. 

The curious feature of the contamina- 
tion was the transparent circle that sur- 
rounded the bit of mold like a halo. 
Under a microscope Fleming could see 
that this encircling area was completely 
clear. Not a single staphylococcus re- 
mained witlnn it, although outside it 
•they multiplied in teeming millions. 
Apparently the mold exuded some sub- 
stance that brought death to the staphy- 
lococci. In June of 1929 Fleming pub- 
lished his results in the British Journal of 
Experimental Pathology \ suggesting that 
penicillin “may be an efficient antiseptic 
for application to, or injection into, areas 
infested with penicillin-sensitive mi- 
crobes.” 

In his paper Dr, Fleming described 
the source of Iris penicillin as “a certain 


type of Pcnicilhum.” It was not until 
1932, when a specimen oi the mold was 
sent to Chailes Thom, chief mycologist 
of the United Slates Depaitment of Ag- 
ncullmc, that the species was identified 
as Pcmcilhum no ta turn. 

Fleming ncvei obtained a concentrate 
of penicillin. All he got was the cleai 
liquor that he filteicd liom the bioth m 
which the mold gicw. Chemists tried to 
isolate the antibiotic, it. piovcd elusive, 
and finally the piospcct ceased to intei- 
est anyone but Alexandei Fleming. For 
10 years he patiently kept Ins original 
mold alive, and thus he was able to sup- 
ply cultures ol it when at last a team of 
woikeis appeared icady to cany the re- 
search forwaid. 

The team was organized by Howaid 
Floiey, an Australian who had come to 
England on a Rhodes scholarship and 
had been appointed piofessor of patholo- 
gy at Oxford Univeisity m 1935. The 
sort of pathology that interested him 
called for research, and Florey per- 
suaded Ernst Chain, a German refugee 
biochemist then at Cambridge Univer- 
sity, to join lum at Oxford. These two 
formed the nucleus ol the group which 
beginning in 1938 even Ural ly sepaiated 
penicillin liom its cultme broth and re- 
duced it to a stable brown powder, de- 
vised a quick quantitative test for de- 
termining its presence, and made the 
first ti nils on animals. The brown pow- 
der proved nontoxic and so powerful m 
antibiosis that one pait in a solution of 
1 2 million was able to inhibit the deadly 
hemolytic streptococci. By 1941 suffi- 
cient penicillin had been isolated lor 
trials on human patients. The record was 
one of almost unbroken triumph over 
infection. 

The U.S, had begun to look into the 
possibilities of penicillin, and m 1941 
Dr Florey brought over cultures ol 
Fleming’s mold and visited a number of 
American laboratories. The urgent needs 
of wartime medicine stimulated the U.S. 
and British governments to subsidize 
penicillin research on an unprecedented 
scale. The laboratories of pharmaceutical 
houses, reseat ch institutes, universities 
and government joined forces. An impor- 
tant center in this teamwork was the 
Northern Regional Research Laboratory 
of the U.S. Department ol Agriculture 
at Peoria, 111. Iieie mycologists discov- 
ered that a nutrient oi. comslceping 
liquor increased the yield of penicillin 
from Pcnicillium notutum. This was a 
big step forward, for the liquor, which 
is washed out of com in making corn- 
starch, is abundant and cheap. 

Meanwhile efforts were made to find 
more prolific strains of mold, and every 
available variety of Pemcillium was 
tested for yield. In the summer of 1943 
the Peona group found a mold growing 
on a cantaloupe which in an enriched 
medium exuded about 200 units of peni- 
cillin per cubic centimeter of culture 



medium. This was 100 times the 1941 
yield of the original Fleming mold. The 
new find was identified as Penicilhum 
chrysogenum, a neai lelative of the 
notatum species, and soon drug houses 
all ovei the countiy were gi owing the 
cantaloupe mold m their vats by the ton. 

Piesently the geneticists lent their 
knowledge and skills to this community 
of effoit. Late m 1944 a group at the 
Carnegie Institution’s Depaitment ot 
Genetics subjected a culture of Penicil- 
lium chrysogenum to bombaidment with 
X-iays, a familiar technique foi inducing 
genic changes m an oigamsm. Most of 
the mold cells did not lecover horn this 
violent tieatment, but certain spoies sui- 
vived and on cultivation some pioduced 
a mold that yielded 400 to 500 units of 
penicillin per c.c. A little latei geneticists 
at the Univeisity of Wisconsin used ul- 
traviolet rays in much the same way, and 
obtained a mutant that produced 800 to 
1,000 units per c c. Most of the penicillin 
m cui lent pioduetion comes from de- 
scendants of this Wisconsin mold. A unit 
of penicillin, by the way, is the minimum 
amount that, dissolved in 50 cubic centi- 
meteis ol meat-extract bioth, will stop 
the giowth of Staphylococcus auieus. It 
is about one 60 millionth ol a giam! 

Theie are some 50 types ol penicillin. 
Each has the same basic s tincture, but 
differs from its hi other molecules by a 
distinctive side chain ol atoms. Only 
four ol the types have been produced in 
large quantities, and they aie designated 
as G, F, X, and K. The most satisfactory 
for medicinal use is G, and practically 
all Ameucan manufactureis are concen- 
trating on its pi eduction, which is easily 
accomplished by feeding the mold with 
phenylacctic acid. The K type is veiy 
unstable and quickly disappears liom 
the bloodstream; F is difficult to purilv; 
and X, though potent, is difficult to pro- 
duce. 

Despite the feverish seaich foi new 
antibiotics, penicillin remains the anti- 
biotic m gieatest use. It is the first 
choice lor ti eating a wide range ol dis- 
eases caused by giam-positive bacteria, 
and m addition it is the most potent 
drug yet found against that notorious 
member of the gnim-negative tube, the 
gonococcus. Indeed, the most diamatic 
success m the annals ol ehcmotlieiapy is 
the cure of gonouhea by a single injec- 
tion of 17,000 units of penicillin. Almost 
as spectacular is its antagonism for the 
spirochete of syphilis. 

Strep Lomycin 

Penicillin was still poweiless against 
most of the gram-negative bacteria. Who 
would be the first to find a chemical 
weapon against these noxious agents of 
disease? Unfortunately there are not 
many clues to guide one in such a search. 
There is no characteristic molecule to 
seek out, for the antibiotics which have 



RENE J. DUROS of the Rockefeller Institute for Medical Reseat cl i stimu- 
lated uni eli work in antibiotics by his discovery of gramicidin and tyrocidine. 



ALEXANDER FLEMING;, discoverer of penicillin, is progenitor of mod- 
ern antibiotic research . It was Pasteur, however, who first observed antibiosis. 



MOLECULAR STRUCTURE of penicillin varies with its types. The funda- 
mental structure (red area ) , however, remains the same. There are some 50 
types of penicillin but only types G, F, X and K have been produced in 
quantity. Of them G is best from the clinical and manufacturing standpoint. 


been chemically analyzed aie of many 
contrasting sliuctmcs The proccduic 
thus becomes the chemical analogue ol 
seal clung foi the needle in the haystack, 
without knowing what the needle looks 
like. It is a matter ol accumulating as 
many specimens ol soil as one can han- 
dle, testing eveiy microorganism that 
shows up m the cultures, and hoping 
that out of 1,000 or so one specimen 
may piove usciul. This was the method 
that m 1944 led to the discovery of 
streptomycin. 

Foi more than 25 years Selman A. 
Waksman had been studying soil organ- 
isms, but his primai y purpose dining 
most ol this lesearch was to find then- 
role in soil processes and m humus for- 
mation In the New Jersey State Agn- 
eultuial Expenment Station at Rutgers 
University Dr. Waksman had isolated 
thousands ol mieiobes oi # different gen- 
era and species, but not until 1939 did 
lie begin to study them Irom the point of 
view ol theii possible service to medi- 
cine, It was the disco vciy ol gramicidin 
by Ins fonnei pupil, Dubos, that turned 
Waksmau’s mteicst m this dueclion, and 
from then on the search lor new anti- 
biotics became the puncipal concern of 
his laboi alory m New Bmnswiek. Only 
a few miles distant at Rahway wcic the 
laboi atones ol Meiok and Company, 
Inc., and the chemists and biologists 
theic collaborated with Waksman in the 
multitudinous tests which soon got un- 
der way. 

“We examined some L(),()()0 cultures, w 
i elates Di. Waksman, “obtained anti- 
biotic substances horn about 1,000 of 
them, found some 100 specimens that 
gave piomisc of being medically useful, 
and finally narrowed the chase to 10 that 
seemed worth following closely.” The 
fust to be studied was the antibiotic 
known as streptothnem. When discov- 
ered in 1942 it seemed highly promising, 
but later tests with animals showed it to 
be too toxic fox medical use. Stiepto- 
thricin was not without value, however, 
lor it led to the discovery of strepto- 
mycin. 

Streptomycin gels its name horn 
Strep Lomyces griseus, the organism 
which produces it. This is a different 
kind of organism from the bacterium 
that produces gramicidin and the mold 
that makes penicillin. It is an actmomy- 
cete, a family of which numerous species 
have been identified. Actmomycetes 
grow as branching rods that sometimes 
form filaments, but they are usually 
smaller than the filaments of PcmciUium, 
being of the dimensions that character- 
ize bacteria Curiously Strep tomyces 
griseus had been isolated by Waksman 
in 1915, long before he was interested in 
antibiotics. 

Among the bacteria that fell prey to 
streptomycin were those which cause 
tularemia, certain urinary-tract infec- 
tions, and a form of meningitis in chil- 



clien. But the xesult that atti acted the 
gieatcst attention was its effect on Myco- 
bacterium tuberculosis. Penicillin had 
nevei slowed the course ol the “white 
plague,” although its agent is a gram- 
positive bactenum. Mycobacterium tu- 
berculosis is an exceedingly stubborn 
gi am-positive of the type known as acid- 
fast. The fact that stieptomycm inter- 
fered diastically with lls mode of life 
was highly important news. Physicians 
m all parts of the U.S. began to call for 
the new ding, and today moie than 70 
per cent of the cuirent monthly output 
of six and a half tons of streptomycin 
goes to tubcieulosis patients. 

Streptomycin has its diawbacks. The 
treatment ol a disease with streptomycin 
usually requnes a lelatively long pcnod 
of medication. A sciious tubeiculous con- 
dition may 1 e quire daily shots loi thice 
01 lour months The side eflects on the 
patient, which m the case of penicillin 
are rarely more than a mild alleigic re- 
action, are sometimes severe and occa- 
sionally involve damage to the kidneys. 
Streptomycin also has an effect on the 
auditory nerve which causes dizziness, 
sometimes imposes tempoiaiy deafness, 
and m a few recorded instances had left 
the patient permanently deaf. These 
toxic eflects limit tl te use ol stieptomy- 
em, and (.hero have been numerous 
attempts to moderate them. Merck 
chemists have accomplished a slight 
modification ol the stieptomycm mole- 
cule by slipping two hydiogen atoms 
into a certain pait oi the structure to 
foim what is known as dihydrosUepto- 
myem. Ralph Tompsett and a group at 
the Cornell University Medical College 
have shown that this dihydrostrepto- 
mycm is less toxic than the unalteied 
molecule, though no less potent against 
bacteria. 

Unhappily bacteria often develop 
such a high resistance to stieptomycm 
that continuation ol the Ueatmcnt be- 
comes useless. As Walsh McDermott of 
Cornell phrases it: “The emergence of 
predominance of drug-icsistmg micro- 
organisms occius to an infinitely gi eater 
degiee with stieptomycm than with any 
other antibacterial diug now available. 
With penicillin, chloramphenicol [Chlo- 
1 omy ce tm] and aureomycm, bacterial re- 
sistance is a rarity in clinical practice; 
with stieptomycin it is the mle.” 

This bacterial resistance stimulated 
the labor atoiy where streptomycin was 
discovered to new effoits. Within the 
past tlnee years the group at Rutgers has 
investigated thousands of organisms to 
find a safe antibiotic which is as potent 
as streptomycin but not so provocative 
of the bacteria's resistance. The first 
fruits of this search came in March when 
Waksman and H. A. Lechevalier pub- 
lished their observations of a substance 
derived from another actinomycete, 
Streptomyces fradiae, which they have 
named neomycin. In these tests most of 



STRUCTURE OF CHLOROMYCETIN is unusual in that it contains a ni- 
trobenzene group, which heretofore has been considered inimical to bio- 
logical processes. Chloromycetin and aureomycin both contain chlorine and 
nitrogen. Name Chloromycetin is derived from chloiine and actinomycete. 



STRUCTURE OF STREPTOMYCIN has been altered to produce diliydro- 
streptomyein. The structure of streptomycin is at the right. In dihydro- 
streptomycin one oxygen atom is replaced by two hydrogen atoms ( left ). 
This change apparently makes the variation less toxic than its progenitor. 
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PENICILLIUM CHRYSOGENUM, which because of limn notatum in the making of penicillin, grows in fine 


its greater productivity lias generally 

the bacteria that are vulnerable to strep- 
tomycin showed an equal 01 even gi eater 
sensitivity to neomycin. Moreover, those 
that had become strongly lesistant to 
streptomycin were halted m their growth 
by neomycin. Latex studies have shown 
that after 120 days' exposure colonies of 
tubexcle bacilli were still sensitive to 
neomycin, 60 to 70 days' exposure of 
the same parasites to equal concentra- 
tions of streptomycin invariably resulted 
in deep-rooted resistance. 

By June only a few giarns of neomycin 
hacl been obtained. Pilot plants now 
opei ating will turn out larger quantities 
and fractionate the present concentrate, 
which appeals to be a mixture. Di. 
Waksman thinks there are at least two 
neomycins, and clinical testing of the 
substances must await theii separation 
and crystallization. 

Chloromycetin 

The scene now shifts to Yale Univer- 
sity, where a microbiologist had cultured 
soils brought from many countries to see 
what new material he might find. The 
microbiologist was Paul R. Burkholder, 
who was working under an arrangement 
with the pharmaceutical firm of Parke, 
Davis and Company. As rapidly as Burk- 
holder found organisms that showed any 
promise of medical utility, he sent cul- 
tures to the pharmaceutical research lab- 
oratories in Detroit for further testing. 
One day in the summer of 1947 he dis- 
covered that an actmomycete he had re- 
covered from a soil sample collected m a 
mulched field near Caracas, Venezuela, 
gave off a substance that halted the 
growth of half a dozen bacterial species. 
BurkholdeTs tests were extended to 
other species m Detroit, and they showed 
that both gram-positive and gram-nega- 
tive bacteria were susceptible, The name 
Streptomyces venezuelae was given to 
the actinomycete, in recognition of the 
country of its origin; the antibiotic crys- 
tallized out of its culture medium was 
named Chloromycetin, since it contained 
chlorine and was pr oduced by an actino- 
mycete. 

Experiments with chick embryos made 
by I. W. McLean of Parke, Davis sug- 
gested that the new antibiotie might be 


replaced Pcnicil- filaments. These 

eflective against diseases of the typhus 
type, and on the strength of this hint 
Chloromycetin was sent to the Army 
Medical Center in Washington. Theic 
J. E. Smadel and E. B. Jackson tested it 
on the agents of epidemic typhus and 
sciub typhus, and obtained complete in- 
activation. What made the Washington 
results so thrilling was not the fact that 
two additional species had been added 
to the list of vulnerable microbes, but 
that the two were of an order of mi- 
crobial life different from those which 
had previously yielded to penicillin and 
streptomycin. The typhus agent is not a 
bacterium, but a microbe of the order 
known as Rickettsia. Here at last, it 
seemed, was an antibiotic that might 
piove specific for the whole group of 
rickettsial diseases. 

The first opportunity to try the mate- 
rial on human rickettsial infections came 
toward the end of 1947 with a call from 
public health officials in Bolivia, where 
epidemic typhus had broken out in the 
Department of La Paz. Eugene Payne 
of Parke, Davis gathered together all the 
Chloromycetin he could lay hands on 
and flew to Bolivia with it. Fourteen of 
the 50 patients foi whom there was no 
Chloromycetin died; every one of the 22 
patients treated with the antibiotic got 
well. Dr. Smadel had hand in the next 
clinical tiial, which was made at Kuala 
Lumpur in Malaya, where scrub typhus 
was active. Twenty -five proved cases 
were treated, and each made a iapid 
recovery with no complications; among 
12 untreated cases, the illness was long, 
one patient died, and two suffered seii- 
ous complications. Since these early 
demonstrations Chloiomycetin has res- 
cued many other victims of rickettsial as 
well as bacterial infections under less 
dramatic circumstances but with equally 
successful results. It was the first anti- 
biotic to prove effective against typhoid 
fever. Since the early clinical tests, the 
range of infections susceptible to Chloro- 
mycetin has been further extended to 
include certain virus diseases and many 
invasions by bacteria, both gram-positive 
and negative. A hindrance to its wide- 
spread use was the fact that the pro- 
ducers weie able to obtain only limited 
supplies by culturing Streptomyces 


are shown in photomicrograph above. 

venezuelae. This handicap is now being 
overcome by chemical synthesis, 

Chloromycetin, howevei, is not the 
fust antibiotic to be made aitificially. 
Penicillin was synthesized m 1947 
through the joint effoits oi chemists m 
the U.S. and England, but the process is 
so indirect, so slow and expensive that it 
cannot compete with the fermentation of 
Ihe mold. In the case of Chloromycetin 
the chemists were ioi lunate in having a 
simpler and less eccentric molecule to 
reconstruct, and the synthesis was ac- 
complished last y cm at the Parke, Davis 
kiboratcnies by Iluny M. Brooks, Jr., 
Quentin R. Bartz, John Controulis and 
Mildred C, Robs Lock, 

Aureomyein 

While the pharmaceutical chemists in 
Detroit elucidated the structuie of Chlo- 
romycetin and synthesized it, another 
group of researchers at the Lederle Lab- 
oratories in Pear] River, N.Y., discov- 
ered, tested and produced auieomycm, 
This antibiotic gets its name from the 
organism that manufactures it, Strepto- 
myces aureofaeiens, another member of 
the numerous family of aclinomyceles. 
Benjamin M, Duggar and liis associates 
at Lederle examined thousands of micro- 
scopic fungi befoie they focused their 
effoits on the hither lo-undescribed spe- 
cies which tinctured its culture broth 
with the golden antibiotic This new 
microbe-killer, which was announced in 
a series of papers presented to the New 
York Academy of Sciences last summer, 
is already m mass production. 

An account of eaily cxpenences with 
aureomyein in the treatment of disease 
has already appeared in tins magazine 
(Scientific American, April) . While it 
cures many infections that also yield to 
penicillin and streptomycin, its antago- 
nism for the rickcttsiae and certain virus- 
es has attracted moie attention. The 
early supply of aureomyein available to 
physicians was limited; consequently 
they concentrated their use of it on those 
diseases that are beyond the reach of 
the more abundant diugs. Aureomyein 
gives remarkable results in the treatment 
of undulant fever, a bacterial infection, 
and recent reports indicate that it is ef- 




STREP1 OMYCES GRISEUS, Llic organism tliat pro- ments than Penicillium chryso genuin. Penicillium is a 

cluces the antibiotic streptomycin, has even finer ilia- mold; Streptoniyces is classified as an actinomycete. 


fective against amoebic dysenteiy, a pro- 
tozoal infection, and against shingles, a 
virus infection. Although aureomyein re- 
quites dosages m higher concen tuitions 
than penicillin, it imposes lew and only 
minor side eflects on the patient. In lack 
of toxicity and of bacterial resistance, 
aureomyein and Chloromycetin appear 
to be close livals. Both are pieferably 
administered by mouth, whereas strepto- 
mycin must be injected. If penicillin is 
given orally the dose must be five times 
greater than the injected dose. 

Harold Raistrick, prolessor of bio- 
chemistry at the University ol London, 
published in the British scientific journal 
Nature last Januaiy an assessment of the 
probable comparative value ol the four 
antibiotics now used medicinally. “In Lhe 
treatment ol most gram-positive bacte- 
rial infections, the supreme position of 
penicillin lermuns unchanged,” said Dr. 
Raistrick. “Streptomycin appeals to hold 
a similar though less exalted position in 
the treatment of many tubeiculous inlec- 
tions; but it seems probable that aureo- 
mycin may displace stiepiomycin m the 
tiealment of many gram-negative infec- 
tions, particularly of the urinary tract, 
because of the unquestioned advantage 
it possesses that bacteria do not become 
icsistant to it in vivo as they often do to 
streptomycin. In the treatment of viral 
and rickettsial diseases, both Chloromy- 
cetin and aureomyein oiler considerable 
grounds for hope in infections which 
have so far proved very resistant to 
ch emother apcutic agents . ” 

Gaps in tlic Defense 

Antibiotics have scored their greatest 
tiiumphs against bacteria, but there re- 
main a number of bacterial diseases yet 
to be conquered. Although massive daily 
doses of penicillin have cured certain 
staphylococcal and streptococcal infec- 
tions of the heart, there are cases that 
resist every known drug. Certain infec- 
tions of the urinary tract caused by the 
bacteria proteus and pyocyaneus, menin- 
gitis caused by the pneumococcus, and 
other sfleh infections still need more ef- 
fective antibiotic treatment. 

It is among the virus diseases that the 
most serious gaps remain, for viruses 


account for some of the most crippling 
and widespiead invasions known to the 
human body, infantile paralysis, influen- 
za, smallpox, yellow fever and many 
other diseases. Although effective vac- 
cines have been developed against 
smallpox and yellow fever, there is still 
no drug to halt these infections once 
they have gained a foothold. It is true 
that Chloromycetin and auieomycm 
have scored bnlliant successes against 
several disorders which are loosely rated 
as of viral oiigm: notably psittacosis, the 
venereal infection lymphogranuloma 
venereum, and atypical pneumonia. But 
atypical pneumonia is only asssumed to 
be a virus disease— its agent has never 
been charactenzed; and psittacosis and 
lymphogranuloma venereum are caused 
by i elalivcly large agents on the border- 
line between viruses and ricketlsiae. 

Several laboratories are concentrating 
on the search for antibiotics against 
viruses. The Merck Institute for Thera- 
peutic Research lecently installed Rich- 
ard E. Shope in a new building especial- 
ly designed and completely equipped for 
the investigation of these tiny disease 
organisms. A year ago, at the Rockefeller 
Institute for Medical Research, Dr. 
Shope found in a filtrate of Penicillium 
fumculosum a substance that protected 
mice against the viius of swine influenza. 
Swine influenza is not the same as human 
influenza, but this finding m animal 
pathology may provide clues to human 
pathology. 

Another center of research m the virus 
field is the New York Botanical Garden. 
Here Igor N. Asheshov and others aie 
investigating bacteriophage. The phage 
is a virus which destroys bacteria, and a 
very useful viius it is from the human 
point of view. Since it is harmless to man, 
physicians sometimes use it clinically to 
combat staphylococcal and streptococcal 
infections. Dr, Asheshov is not interested 
in the phage as a therapeutic agent but 
as a representative of the virus type of 
microbe. The study of this virus which 
attacks bacteria may shed light on the 
viruses which attack men— as in polio- 
myelitis. The American Foundation for 
Infantile Paralysis is supporting the stu- 
dy, and already Dr, Asheshov and his 
co-workers have discovered two sub- 


stances pioduced by a fungus of the 
Aspeigdlus group which stop phage ac- 
tion. One of these substances is effective 
against the phage that combats staphylo- 
coccus, the othei against that which in- 
hibits stieptococcus. 

“It is a long way from the bacteria's 
disease of phage to mankinds disease of 
infantile paialysis,” grants W. J. Rob- 
bins, who is m general charge of the 
reseai ch at the Botanical Garden, “and 
we aie not so naive as to believe that 
our search will dnectly turn up an anti- 
biotic against poliomyelitis. But the 
study may disclose new knowledge of 
viruses which will open fresh leads to- 
waid an understanding of the polio viius. 
And we hope that out ol all these efforts 
there may eventually come the discoveiy 
by someone of a chemical compound 
that will cure infantile paralysis.” 

Bacterial Resistance 

As early as 1940, Florey and his asso- 
ciates noticed that after prolonged ex- 
posure to penicillin bacteria often devel- 
oped the ability to grow m spite of the 
drug. Since then many investigators have 
cxploied the phenomenon of bacterial 
resistance. An interesting contribution 
to our knowledge of this subject was 
made at the University of Chicago in 
1947 by C. Philip Miller and Marjorie 
Bolmhoff. They cultured the meningo- 
coccus in a broth containing a solution 
of penicillin too dilute to inhibit the bac- 
terial giowth, and increased the concen- 
tration of the penicillin at periodic intei- 
vals. After 147 transfers had been made 
the bacteria were still glowing, though 
the medium then contained 5,000 units 
of penicillin per c.c. This concentration 
ordinal ily would stop growth complete- 
ly. When transferred to penicillin-free 
broths, however, the bacteria gradually 
lost their lesistance and once more be- 
came susceptible to the drug. 

Streptomycin not only invokes resist- 
ance to a greater degree than the other 
antibiotics, but once acquired, the re- 
sistance appears to be a permanent prop- 
erty of the bacterial strain. Drs. Miller 
and Bolmhoff found that meningococci 
produced different types of resistant va- 
riants after continued exposure to strep- 
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tomycm. One type would not grow at all 
unless the broth contained at least five 
micrograms of streptomycin pei c.c 
Moieover, when the bactena ol this 
strain were injected into mice they 
proved to be haimless unless streptomy- 
cin also was injected into the animal. 
Thus one bactei mm's poison had be- 
come another bacterium’s meat. 

These changes m the 1 espouse of a 
miciobe 01 a miciobial population to the 
piesence of a chemical compound may 
be the lesult of the acquisition of a new 
enzyme system 01 othei metabolic re- 
souice which permits the organism to 
suivive in spite ol, or with the assistance 
of, the antibiotic. Or the changes may be 
inherent in certain bacterial individuals 
as a iesult of genic mutation 

The mutation theory is strongly sup- 
2^01 ted by the experiments of M. Dem- 
erec at the Carnegie Institution's labora- 
tory at Cold Spring Harbor, N.Y. He has 
subjected the same sp>ecies of bacteria to 
conesponding concentrations of penicil- 
lin, streptomycin and auieomycm, and 
noted the rates at which resistance builds 
up, and the changes that occur when ex- 
posure to the antibiotic is discontinued. 
From these studies Dr Demeiec is con- 
vinced that resistance is controlled by 
mutational changes in the bacterial cell, 
and that these changes involve several 
genes. His data indicate that m the aver- 
age bacterial colony only about one in- 
dividual out of eveiy 10 million is a 
resistant mutant. The bacterial piop ula- 
tion in any infectious disease comprises 
so many billions that even this micro- 
scopic fraction provides several thou- 
sand resistant mutants. Since the anti- 
biotic does not affect them, they proceed 
to multiply while the billions of suscepti- 
ble individuals die away; soon the pecu- 
lation is piedominandy lesistant. 

“The most effective way, theoietically, 
of preventing the origin of resistant 
strains of bacteria,” says Di. Demerec, 
“is the use of a mixture ol two antibiotics, 
when such are available, that affect the 
same parasites but aie independent in 
theii actions. If such a mixture is used, 
then only bactena that are resistant to 
both antibiotics can survive the treat- 
ment and form first-step) resistant strains. 
Such bactena would be exceedingly laie. 
For example, if first-step resistant bacte- 
ria for each of two different antibiotics 
should be found in a large bacterial 
population with a frec 2 iiency of one in 
10 million, then the expected frequency 
of bacteria resistant to both antibiotics 
would be one in 100 million million.” 

Mode of Action 

How a bacterium resists the action of 
the antibiotic must depend on what that 
action is. Is it bactericidal, i,e. y does the 
antibiotic kill the bacterium directly? Or 
is it bacteriostatic, a process which 
blpcks growth and thus reduces the para- 


site to a state ol stagnation, making it an 
easy piey loi the white blood cells? Ap>- 
parently both processes aie at work, de- 
pending on the natuie of the drug and its 
degiee of concentration. The English 
bactenologist L. F Ganod has made a 
comparative study of the action of j^eni- 
cillm and stieptomycm and icpoited that 
streptomycin exeits a moie immediate 
bacteiicklal effect, beginning, undei fa- 
vorable conditions, within one minute 
aftei contact. 

Vanous studies have been made of the 
biochemist! y of susceptible rmciobes in 
the piesence of an antibiotic, to see what 
it is that the ding does. In the case of 
penicillin, the evidence indicates that the 
assimilation of glutamic acid by the bac- 
terial cells is obstructed. In the case of 
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streptomycin, the action similarly is one 
of internqpt ion of the bacterial cell’s 
metabolism, although the blockade here 
occurs in the respiratory process. 

The site of this blockade by strepto- 
mycin was recently identified by W. W. 
Umbreit of the Merck Institute m a se- 
nes of experiments with the colon bacil- 
lus. Dr. Umbieit was able to show that 
at one point in the chain of reactions 
which constitute the respiiation of this 
bacterium, the compound oxalacetate 
reacts with various substances, and he 
demonstrated that the effect of strejito- 
mycm is to halt this step. If oxalacetate 
is not condensed, the microbe s metabo- 
lism is unable to proceed to its next step. 

Reducing Toxicity 

The object of antibiotic research may 
be reduced to a phrase: to make the 


compound mote toxic loi the piaiasites 
and less toxic to the human body which 
the paiasiles infest. Theie aie any num- 
bei of substances that aie highly potent 
against bacteria, but, like giamicidm, 
they aie too destructive of blood cells oi 
too antagonistic to kidney oi othei tissue 
cells to be admitted to the bloodstream. 
Bacitracin was disco veied m 1943 and 
widely bailed as an antibiotic, but the 
Food and Drug Admimsti ation has 
denied it only as an antisepitic loi the 
external treatment of wound and surgi- 
cal infections Polymixui is a moie lecent 
discovery. Some timls of it have been 
made clinically on a lew hopeless human 
eases of infection, but the diug effects 
aie too seveie to permit of geneial use. 
Yet a given quantity of polymixin can 
demolish giam-ncgative bacteria with a 
completeness and celeuty provided by 
no other antibiotic Pci r m H. Long and 
bis associates at Johns Hopkins report 
that pjolyrmxm is twice as potent against 
bactena as streptomycin, and in the case 
of certain organisms it is 80 times more 
effective. 

Polymixin, baciliacm and giamicidm 
aie i elated chemically, then molecules 
being of the fyt^e known as a piolypiep- 
licle. Toxicity seems to he mheienl m this 
type of molecule. It is significant also 
that these polypojHidc antibiotics me 
produced by baeteiia. Some lesearcheis 
question whether it is woith- while to 
piospeet baeteiia further lor useful anti- 
biotics. The aetinomyeotes, with strepto- 
mycin, Chloromycetin and auieomycm 
already to theii credit, are the microor- 
ganisms in gieatest lavoi today— and 
theie are many species in this gioup 
which are still to be tested ior antibiotic 
production. 

II the molecule is toxic because of its 
structure there is not much that one can 
do about it. But even if tine molecule is 
mheiently nonloxic theie is the chance 
that it may pic*k up poisonous com- 
pounds from the medium, and that in 
extracting the antibiotic one may get this 
toxic contamination. Such admixtures 
are almost inevitable if the culture me- 
dium is of an unknown composition, as 
aie most natural broths. There is a strong 
tendency, therefore, to develot^ synthetic 
culture media, that is, bioths that aie 
made of selected chemical compounds 
assembled m the laboratory. Instead of 
mixing beef extract or coins teeping 
liquoi oi other nalmal nutrients into the 
broth, the synthetic experimenters aie 
trying to determine precisely what pure 
chemical compounds the growing organ- 
isms need to produce antibiotics. When 
that is known, they exjiect to be able to 
control the production to a far greater 
extent than is presently possible. 


George W. Gray teas the author of 
Cosmic Rays, tohich appeared in 
the March issue of this magazine. 





STREPTOMY ON is isolated ill crystals of streptomycin same laboratory that produced streptomycin, Neomycin 
trihydi oeh lo ride-calcium chloride double salt. Recently appears to he an improvement on streptomycin in that 
a similar antibiotic, neomycin, was discovered in the it is less likely to stimulate the resistance of bacteria, 



PENICILLIN is isolated in crystals of its type G. Al- 
though it was discovered by Fleming in 1928, it was not 
isolated by Howard Florey and his associates until 1938, 



CHLOROMYCETIN crystals have been reproduced 
synthetically. Penicillin has also been synthesized, but 
process does not lend itself to large-scale manufacture. 
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LEARNING TO THINK 


Some psychologists have believed that human beings are 
born with certain powers of reason. The authors present 
the view that all such functions must first be learned 


by Harry F. and Margaret Kuenne Harlow 


H OW does an infant, boin with only 
a few simple reactions, develop 
into an adult capable of xapid 
learning and the almost inciedibly com- 
plex mental processes known as think- 
ing? This is one of psychology's unsolved 
problems. Most modern explanations aie 
not much moie enlightening than those 
offered by 18 th-century French and 
English pliilosopheis, who suggested 
that the mind developed merely by the 
process of associating ideas 01 expe- 
riences with one anothei. Even the early 
philosophers realized that this was not a * 
completely adequate explanation. 

The speed and complexity of a human 
being’s mental processes, and the intrica- 
cy of the nuive mechanisms that piesum- 
ably undeihe them, suggest that the 
bnun is not si reply a passive nctwoik of 
communications but develops some kind 
of organization that facilitates learning 
and thinking. Whether such oigamzing 
principles exist has been a mattei of con- 
siderable dispute. At one extieme, some 
modem psychologists deny that they do 
and describe learning as a mere trial- 
and-error process— a blind iumbiing 
about until a solution accidentally ap- 
pears. At the other extreme, there are 
psychologists who hold that people learn 
through an innate insight that reveals 
relationships to them. 

To investigate, and to reconcile if 
possible, these seemingly antagonistic 
positions, a series of studies of the learn- 
ing process has been carried out at the 
Univeisity of Wisconsin. Some of these 
have been made with young children, 
but most of the research has been on 
monkeys 

Foi two basic reasons animals aie pai- 
ticularly good subjects foi the investiga- 
tion of learning at a fundamental level. 
One is that it is possible to control then- 
entire learning history : the psychologist 
knows the problems to which they have 
been exposed, the amount of training 
they have had on each, and the record 
of their peiformance. The other reason 
is that the animals’ adaptive processes 
are more simple than those of human 
beings, especially dining the first stages 
of the attack on a problem. Often the 
animal’s reactions throw into clear relief 
certain mechanisms that operate more 


obscuiely m man. Ol course this is only 
a relative simplicity. All the highei mam- 
mals possess intricate nervous systems 
and can solve complex problems. In- 
deed, it is doubtlul that man possesses 
any fundamental intellectual process, ex- 
cept tiue language, that is not also pres- 
ent in his more lowly biological brethren. 

Tests of animal learning of the trial- 
and-eiroi type have been made in innu- 
merable laboratories. In the special tests 
devised for our expci imeiits, we set out 
to determine whether monkeys could 
progiess from tnal-and-ei ror learning to 
the ability to solve a pi oblem immediate- 
ly bv insight. 

One of the first experiments was a 
simple discrimination tost. The monkeys 
were confronted wiLh a small bouul on 
which lay two objects diffeicnt in coloi, 
size and shape. If a monkey picked up 
tlie correct object, it was rewarded by 
finding raisins 01 peanuts underneath. 
The position of the objects was shifted 
on the board in an 11 regular manner from 
tual to trial, and the trials were contin- 
ued until the monkey learned to choose 
the correct object. The unusual feature 
of the experiment was that the test was 
repeated many times, with several hun- 
dred different pairs of objects. In other 
words, instead of training a monkey to 
solve a single problem, as had been clone 
in most pievious psychological work of 
this kind, we ti ained the animal on many 
problems, all of the same general type, 
but with vaiying kinds of objects. 

When the monkeys first iaced this test, 
they learned by the slow, laborious, 
fumble- and- find process But as a mon- 
key solved pi oblem after problem of the 
same basic kind, its behavior changed 
m a most dramatic way. It learned each 
new problem with progressively greater 
efficiency, until eventually the monkey 
showed perfect insight when faced with 
this particular kind of situation— it solved 
the problem in one trial. If it chose the 
correct object on the first trial, it rarely 
made an error on subsequent trials. If it 
chose the incorrect object on the first 
trial, it immediately shifted to the cor- 
rect object, and subsequently responded 
almost perfectly. 

Thus the test appeared to demonstrate 
that trial-and-error and insight are but 


two diffeicnt phases of one long continu- 
ous process. They me not diffeicnt capa- 
cities, but meiely lepiesent the orderly 
development of a learning and thinking 
process. 

A LONG senes ol these discrimination 
problems was also run on a gioup of 
nuisciy-school childien two to five yeais 
ol age. Young childien were chosen be- 
cause they have a minimum of previous 
experience. The conditions in the chil- 
dren’s tests weie only slightly different 
hom those foi the monkeys: they weie 
rewarded by finding brightly colored 
macaroni beads instead of raisins and 
peanuts. Most ol the children, like the 
monkeys, made many errois m the early 
stages of the tests and only gradually 
learned to solve a pi oblem m one trial. 
As a gioup the childien learned moie 
rapidly than the monkeys, but they made 
the same types ol errois. And the 
“smartest” monkeys learned (aster than 
the “dullest” cluldien 

Wo have called this process of pro- 
gressive learning the formation of a 
“learning set.” The subject learns an or- 
ganized set of habits that enables him to 
meet effectively each new problem of 
this particular kind. A single set would 
provide only limited aid in enabling an 
animal to adapt to an ever-changing en- 
vironment. But a host of different learn- 
ing sets may supply the raw material for 
human thinking. 

We have tunned monkeys and children 
to solve problems much more complex 
than the ones thus far described. For in- 
stance, a deliberate attempt is made to 
confuse the subjects by rcvci sing the 
conditions of the discrimination test. The 
previously coirect object is no longei 
rewarded, and the previously incorrect 
object is always rewarded, When mon- 
keys and children face this switch-over 
for the first time, they make many errois, 
persistently choosing the objects they 
had previously been ti ained to choose. 
Gradually, from problem to problem, the 
number of such errors decreases until 
finally the first reversal trial is followed 
by perfect performance. A single failure 
becomes the cue to the subject to shift 
his choice from the object which has 
been rewarded many times to the object 



MONKEY EXPERIMENTS at the University of Wis- 
consin illuslrate the process of learning. In the drawing 
at the tipper right a monkey is confronted with two 
different objects. Under one of them is always a raisin 
or a peanut. In the drawing at the right the monkey has 
learned consistently to pick the same object. In the 
drawing above the monkey has learned consistently to 
choose one object which differs from two others. In the 
two drawings below the monkey has learned a much 
more complicated process. In the drawing at the lower 
left it has learned that when the hoard is of a certain 
color it must choose the object that is odd in shape. In 
the drawing at the lower right it has learned that when 
the board is of another color it must choose the object 
that is odd in color. Tn all these problems the monkey 
first learned to solve the problem by trial and error. 
Later it solved them immediately by understanding. 




which has never been le waicled befoie. 
In this type of test chilchen learn much 
more rapidly than monkeys. 

A group of monkeys that had loimed 
the cliscrimmation-reveisal learning set 
was later ti amed on a fmthei lefinement 
of the pioblem. This time the leward 
value of the objects was leveised for only 
one trial, and was then shifted back to 
the onginal i elation ship. Aftei many 
pioblems, the monkeys learned to ignore 
the single reversal and tieated it as if the 
experimenter had made an error! 

The problem was made inoie compli- 
cated, in anothei test, by offering the 
subjects a choice among thiee objects in- 
stead of two. Tbeie is a tiay containing 
thiee food wells. Two are coveied by one 
kind of object, and the third is coveied 
by another kind. The animal must choose 
the odd object. Suppose the objects aie 
building blocks and funnels. In half the 
trials, theze aie two blocks and a funnel, 
and the correct object is the funnel. 
Then a switch is made to two funnels and 
one block. Now the coned object is the 
block. The animal must leain a subtle 
distinction heic it is not the shape of 
the object that is important, but its rela- 
tion to the other two. The meaning of a 
specific object may change from trial to 
trial. This problem is something like the 
one a child faces in trying to loam to use 
the words “I,” ‘you,” and "he” properly. 
The meaning of the words changes ac- 
cording to the speaker. When the child 
is speaking, "I” lefeis to himself, "you” 
to the person addressed, and "he” to 
some third peison. When the child is 
addressed, the child is no longer "I” but 
"you.” And when others speak of him, 
the terms shift again 

Monkeys and children were trained 
on a series of these oddity problems, 24 
trials being allowed for the solution of 
each pioblem. At first they floundered, 
but they improved from problem to 
problem until they learned to respond to 
each new problem with peifect or neaily 
perfect scoies. And on this complex 
type of problem the monkeys did better 
than most of the children' 

O NE of the most sti iking findings from 
these tests was that once the mon- 
keys have formed these learning sets, 
they retain them for long periods and can 
use them appropriately as the occasion 
demands. After a lapse of a year 01 more, 
a monkey regains top efficiency, in a few 
minutes or hours of practice, on a prob- 
lem that it may have taken many weeks 
to master originally. 

All our studies indicate that the ability 
to solve problems without fumbling is 
not inborn but is acquired gradually. So 
we must re-examine the evidence offered 
in support of the theory that animals 
possess some innate insight that has noth- 
ing to do with learning. 

The cornerstone of this theory is the 
work of the famous Gestalt psychologist 
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Wollgang Kohler on the behavior ol 
chimpanzees. In a senes of brilliant stud- 
ies he clearly showed that these apes 
can use sticks to help them obtain bana- 
nas beyond their reach. They employed 
the sticks to knock the bananas clown, 
to lake them m, to climb and to vault. 
The animals sometimes assembled short 
sticks to make a pole long enough to 
leach the loocl, and even used sticks m 
combination with stacked boxes to 
knock clown high-dangling bait. That 
the chimpanzees frequently solved these 
pioblems suddenly, as il by a flash ol in- 
sight, nnpicsscd Kohler as evidence ol 
an ability to leason independently ol 
learning. He even suggested that this 
ability might differentiate apes and men 
from other animals. 

Unloitunately, since Kohler’s animals 
had been captured m the jungle, he had 
no lecord of their previous learning, 
Recent studies on chimpanzees bom m 
captivity at the Yeilces Laboiatoiy of 
Primate Biology at Orange Park, Fla., 
throw doubt on the validity of Kohler’s 
interpretations. Herbert Birch of' the 
Yerkes Laboratory repoitecl that when 
he gave sticks to four -year -old chimps in 
their cages, they showed little sign at 
fust of ability to use them as tools. 
Gradually, in the course oJ thiee clays, 
they learned to use the sticks to touch 
objects beyond llicii reach. Later the 
animals solved veiy simple stick prob- 
lems fairly well, but they had difficulty 
with more complex pioblems. 

Extending Birch’s investigations, the 
late Paul Schiller piesented a series of 
stick tasks to a gioup of chimpanzees 
from two to over eight years of age. The 
younger the animal, the more slowly it 
mastered the problems. Some young sub- 
jects took hundreds of trials to perform 
efficiently on even the simplest problems, 
while old, experienced animals solved 
them with little practice. None of the 
apes solved the tasks initially with sud- 
den insight. 

Even at the human level there is no 
evidence that children possess any innate 
endowment that enables them to solve 
tool problems with insight. Augusta 
Alpert of Columbia University tried 
some of Kohler’s simple chimpanzee tests 
on bright nursery-school children. The 
younger children typically went through 
a trial-and-error process before solving 
the problems Some of them failed to 
solve the easiest problem in the series m 
five experimental sessions.. 

Eunice Mathieson presented more dif- 
ficult Kohler-type tasks to a group of 
University of Minnesota nursery-school 
children. The results were even more 
overwhelmingly against the notion that 
tool problems are solved by flashes of 
natural insight The children rarely 
solved a problem without making many 
mistakes. 

This research, then, supports our find- 
ings, In all clear-cut tests-that is, when- 


evci the animals’ enliie learning lustoiy 
is known— monkeys, apes and childien at 
fiisl solve pioblems by trial and ciror. 
Only gradually does such behavior give 
way to immediate solutions. 

W E began by pointing out that psy- 
chologists have sought to find in the 
highei mental piocesscs some oigamzmo 
mechanism or pi mciple that would ex- 
plain learning and thinking We can now 
suggest such a mechanism the learning 
set. Suppose we pictuie mental activity 
as a continuous stiueture built up, step 
by stej-), by the solution of increasingly 
difficult problems, hom the simplest 
pioblem m learning to the most complex 
one m thinking. At each level the indi- 
vidual tues out vanous 1 espouses to 
solve each given task. At the lowest level 
he selects born unlearned responses or 
previously learned habits. As bis experi- 
ence inci cases, habits that do not help 
m the solution diop out and uselul hab- 
its become established. After solving 
many problems ol a certain kind, he de- 
velops organized patterns ol responses 
that meet the demands of this type of 
situation. These patterns, or learning 
sets, can also be applied to the solution 
ol still more complex pioblems. Eventu- 
ally the individual may organize simple 
learning sets into moie eoinjfiex patterns 
of learning sets, which in turn are avail- 
able lor translei as units to new situa- 
tions 

Thus the individual learns to cope 
with more and moic difficult pioblems 
At the highest stage in this pi egression, 
the intelligent human adult selects from 
innumerable, pieviously acquired learn- 
ing sets the law material lor thinking. 
His many years of education in school 
and outside have been devoted to build- 
ing up these complex learning sets, and 
he comes to manipulate them with such 
ease that he and his observers may easily 
lose sight of their oiigin and develop- 
ment, 

The fundamental role that language 
plays m the thinking process may be de- 
duced easily fiom our experiments. They 
suggest that words are stimuli or signs 
that call forth the particuhu learning sets 
most appropriate for solving a given 
problem. If you listen to yourself “talk” 
while you are thinking, you will find that 
this is exactly what is happening. You 
leview the different ways of solving a 
problem, and decide which is the best. 
When you ask a friend for advice, you 
are asking him to give you a woid stimu- 
lus which will tell you the appropriate 
learning set or sets for the solution of 
your problem. 

This principle is particularly well il- 
lustrated by some of our monkey experi- 
ments. Though monkeys do not talk, 
they can learn to identify symbols with 
appropriate learning sets. We have 
trained our monkeys to respond to signs 
m the form of differently colored trays 



on which the test objects appear In one 
test the monkeys wcie piesented with 
three different objects— a red U-shaped 
block, a gieen U-shaped block and a red 
cross-shaped block. Thus two of the ob- 
jects weie alike m foim and two alike 
in color. When the objects weie shown 
on an orange tray, the monkeys had to 
choose the green block, that is, the ob- 
ject that was odd in color. When they 
were shown on a cieam-colored tiay, the 
animals had to choose the ci oss- shaped 
block, that is, the object odd in ioim. 
Aftei the monkeys had formed these two 
learning sets, the color cue ol the tiay 
enabled them to make the jnopei choice, 
trial after trial, without eiror. In a sense, 
the animals responded to a simple sign 
language. The difficulty of this test may 
be judged by the fact that the German 
neuiologist Kuit Goldstein, using similai 
tests for human beings, found that peo- 
ple with 01 game biam chsordcis could 
not solve such tasks efficiently. 

At the Wisconsin laboratories, Benja- 
min Wmsten devised an even more diffi- 
cult test for the monkeys This pioblem 
tested the animals’ ability to recognize 
similarities and chffeiences, a kind of 
task frequently used on children’s intel- 
ligence tests. Nine objects were jdaccd 
on a tiay and the monkey was handed 
one of them as a sample The animal’s 
pioblem was to pick out all identical ob- 
jects, leaving all the rest on the tiay. In 
the most complicated form of this test 
the monkey was given a sample which 
was not identical with the objects to be 
selected but was only a symbol lor them. 
The animal was handed an unpainted 
triangle as a sign to pick out all red ob- 
jects, and an unpamled circle as a sign 
to select all blue objects. One monkey 
learned to lespond almost perfectly. 
Given a triangle, he would pick eveiy 
object with any i ed on it; given a circle, 
he selected only the objects with blue on 
them. 

All these data indicate that animals, 
human and subhuman, must learn to 
think. Thinking does not develop spon- 
taneously as an expression of innate abil- 
ities, it is the end result of a long learn- 
ing process. Years ago the British biolo- 
gist, Thomas Henry Huxley, suggested 
that “the brain secretes thought as the 
liver secretes bile / 5 Nothing could be 
fui ther horn the truth. The brain is es- 
sential to thought, but the untutored 
brain is not enough, no matter how good 
a brain it may be. An untrained brain 
is sufficient for tnal-and-error, fumble- 
through behavior, but only training en- 
ables an individual to think in terms of 
ideas and concepts. 

Barry F. Harlow is professor of psy- 
chology at the University of Wis- 
consin. Margaret Kuenne Harlow, 
his wife , is assistant professor of 
psychology at the same institution. 



MORE COMPLICATED TEST involves teaching a monkey to choose cer- 
tain objects not by matching but by response to a symbol. In the pair of 
drawings at the top of this page the monkey is shown a triangular object and 
pushes forward all the red objects. In drawings at bottom the monkey, shown 
a round object, pushes forward blue objects, here indicated by gray tone. 


LEO 

The massive achievements of the Italian physicist, 
astronomer and mathematician mark the transition 
from the Middle Ages to the era of modern science 

by I. Bernard Cohen 



ROBABLY no 
single name in 
the annals of 
science is as 
well known as 
that of Galileo. 
Yet so conflict- 
mg are the 
opinions in the 
litei alure on 
his work that it is difficult for the aver- 
age scientist to find out exactly what 
Galileo did. Some waters tell us that 
Galileo was an empiricist who inaugu- 
lated the “scientific method” ol learning 
“general truths of natuie,” and they illus- 
trate by citing his supposed discovery of 
the laws of falling bodies by patient ob- 
servation of what happened when balls 
of unequal weight were dropped from 
the Leaning Tower of Pisa. Others say 
that, on the contrary, Galileo never 
learned anything by making experi- 
ments; he used them only to check re- 
sults which he had already obtained by 
mathematical reasoning and deductions 
from a priori assumptions. Many writers 
hail Galileo as the father of modem sci- 
ence. Others aigue that almost every- 
thing Galileo did in science had been 
begun in the late Middle Ages. Many 
commentators agree with Sir David 
Brewster, who wrote of Galileo as one 
of the “martyrs of science,” Otheis ac- 
cept A. N, Whitehead's remark that 
Galileo's punishment by the Roman In- 
quisition was only “an honorable deten- 
tion and a mild repioof before dying 
peaceably in bed.” 

What shall a scientist do when he is 
faced with making a choice between 
diametrically opposed points of view 
held by such respected writers? The 
example of Galileo provides one of the 
best possible arguments for the need of 
a continuing and increasing scholarship 
in the history of science. For if we are 
to understand the true significance of 
what Galileo did m physics and astrono- 
my, obviously we must first have a clear 
picture of the scope and nature of the 
science that existed at the time he did 


his work, and next a knowledge of the 
history of physical science since his time, 
so that we may evaluate those elements 
which have proved most fruitful for the 
development of science. 

The difficulty in mtei pi cling Galileo 
stems in huge pait 1‘iom the natuie of 
his own thought and writings. He lived 
in that feitile period which maiks the 
end of the Middle Ages and Renaissance 
and the beginning of the cm of modern 
science, Thus he was a transitional figure 
with one foot in the past and the other 
striding into the future. Considering this 
state ol affairs, one would need an un- 
warranted vanity to attempt to patch up 
all the contradictions in the various in- 
terpretations that have been made dur- 
ing the last hundred years. Yet certain 
clearly marked aspects ol Galileo's 
achievement do emerge. 

Galileo was a physicist, an astrono- 
mer and a mathematician. The first sig- 
nificant contribution to astronomy by 
Galileo occurred m 1604 while he was a 
professor m Padua, a post he had re- 
ceived m 1592 at the age of 28, The 
occasion was a new star seen in the heav- 
ens, a nova, which had aroused gieat 
interest among scientists, students and 
laymen everywhere. In a public lecture 
Galileo demonstrated, on the basis of 
careful observation, that the new star 
was truly a star It could not be a meie 
meteoi in the Earth's atmosphere, for it 
had no parallax and must be very distant, 
among the fixed stars well beyond our 
solar system. Galileo predicted that the 
nova would be visible foi a short while 
and then would vanish into obscurity. 

The boldness of this assertion is diffi- 
cult to realize today. The outlook on the 
external worid then was largely Aristo- 
telian; it was generally believed that the 
heavens were perfect and unchangeable 
and subject neither to growth nor to de- 
cay. Only the Earth, the center of the 
universe, could change. The laws of 
physics on Earth were essentially differ- 
ent from those in the celestial beyond. 

Galileo's assertion that the perfect and 
unchangeable heavens might witness 


growth and decay brought him into im- 
mediate conflict with the Aristotelians. 
The latter, as one of Galileo's biogra- 
phers, J. J, Fahie, puts it, wcie probably 
as much “annoyed at the appeal ance of 
the stai” as at Galileo's “calling attention 
to it so publicly and forcibly.” In anv 
event, Galileo was a bcttei target than 
the star. Galileo was never one to shrink 
from controversy, and he seized the op- 
portunity to repudiate the old physics of 
Aristotle, which he held to be inade- 
quate, and with it the Ptolemaic, or geo- 
centric, system ol the universe. 

G ALILEO had alicady been a con- 
* firmed Goperniean lor some time, al- 
though he had not dared to publish his 
arguments, “louring,” as he said in a let- 
ter to Johann Kepler, “the fate of our 
mastei, Copernicus.” Soon alter his stud- 
ies ol the new star, however, Galileo 
was provided with an extiaoi dinary op- 
portunity to vindicate the Goperniean 
idea. This occasion was the most impor- 
tant event m Galileo’s career as an as- 
tronomer. He wrote. 

“About ten months ago a rumoi came 
to our ears that an optical instrument had 
been elaborated by a Dutchman, by the 
aid ol which visible objects, even though 
far distant from the eye of the obscrvci, 
were distinctly seen as if near at hand, 
and some stones of this marvelous effect 
were bandied about, to which some gave 
credence and which others denied. The 
same was confirmed to me a few days 
aftei by a letter sent from Pans by the 
noble Frenchman Jacob Badovere, which 
at length was the reason that I applied 
myself entirely to seeking out the theory 
and discovering the means by which I 
might arrive at the invention of a similar 
instrument, an end which I attained a 
little latei, from considerations of the 
theory of ref l action; and I fust prepared 
a tube of lead, in the ends of which I 
fitted two glass lenses, both plane on one 
side, one being spherically convex, the 
other concave, on the other side.” 

Thus in his great book The Sidereal 
Messenger , which he published in Venice 
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GALILEO GALILEI was born in 1564 and died in 1642. 
This portrait of him appears in his hook Siderius Nun - 
cius ( The Sidereal Messenger ) , printed in 1610. The 


initial letter of this article is also reproduced from 
Siderius Nuncius . The type used for the title of the 
article is from a 1632 edition of Galileo’s dialogues. 





FEATURES OF THE MOON were first clearly seen by 
Galileo through bis telescope. He wrote: . the moon 

is full of inequalities, uneven, full of hollows and pro- 


tuberances, just like the surface of iho Earth itself, which 
is varied everywhere. . . These iwo woodcuts arc from 
a later edition of Side rius Ninicius published in 1655. 


in 1610, did Galileo describe bis intro- 
duction to the telescope. There are sev- 
eral independent claimants to the inven- 
tion, but there is no doubt that Galileo 
was the first to turn the telescope to ob- 
servation of the heavenly bodies. Jt was 
an experience unique in the history of 
man. For millennia the heavens had been 
viewed only by the naked eye, and no 
one knew what glories might exist be- 
yond the range ol mans unaided vision. 
Wheiever Galileo pointed his telescope 
he found extraordinary and astonishing 
new facts. 

Galileo first examined the Moon. His 
conclusion was “that the surface of the 
Moon is not perfectly smooth, free fiom 
inequalities and exactly spherical, as a 
large school of philosophers considers 
with regai d to the Moon and the other 
heavenly bodies, but ... on the contrary, 
it is full of inequalities, uneven, full of 
hollows and pi o tuber ances, just like the 
sui face of the Earth itself, which is va- 
ried everywhere by lofty mountains and 
deep valleys ” Galileo even determined 
the height of the mountains on the 
Moon, and his results agree with modern 
determinations in order of magnitude. 
He believed at first that the dark and 
light areas on the Moon's surface i ©pre- 
sented land and water, but we must re- 
member that even today beginning stu- 
dents of astronomy, on first looking at the 
Moon or at a photogiaph of it, have the 
same impression. 

N EXT Galileo turned to the stars, and 
at once discovered a difference be- 
tween the fixed stars and the planets, or 
wanderers. "The planets present their 
discs perfectly round, just as if described 


with a pair ol compasses, and appear as 
so many little moons, completely illu- 
minated and of a globular shape; but the 
fixed stars do not look to the naked eye 
[as i( they were] bounded by a circular 
circumference, but rather like blazes of 
light shooting put beams on all sides and 
very sparkling, and with the telescope 
they appear of the same shape as when 
they were viewed by simply looking at 
them. . . Galileo also noted that the 
telescope hi ought within the range of 
vision “a host of other stars, which es- 
cape the unassisted sight, so numerous 
as to be almost beyond belief. . . 

The next subject of Ins obseivation 
was the Milky Way, which, to his aston- 
ishment, he found to be “nothing else 
but a mass of innumerable stars planted 
together in clusters.” Furthermore, all of 
the "nebulosities,” whose nature had 
long been a topic of dispute, also proved 
to be masses of stars. 

Galileo 1 eserved for last in his account 
"the matter, which seem.s to me to de- 
serve to be consideied the most lmpoi- 
tant in this work, namely, that I should 
disclose and publish to the woild the 
occasion of discovering and observing 
four PLANETS, never seen from the 
very beginning of the world up to our 
own times, ...” 

He had been examining the planet 
Jupiter on the seventh day of January in 
1610 when he noticed "that three little 
stars, small but very bright, were near 
the planet; and although I believed them 
to belong to the number of the fixed 
stars, yet they made me somewhat won- 
der, because they seemed to be arranged 
exactly in a straight line, parallel to the 
ecliptic, and to be brighter than the rest 


of the stars, equal to them in magni- 
tude. , . . On the east side [of [uplier] 
theic were two stars, and a single one 
towards the west. . . . But when on 
January 8lh, led by some fatality, I 
turned again to look at the same part of 
the heavens, I lound a voiy diffeient 
state ol things, for there weic three little 
stars all west of Jupiter, and neaier to- 
gether limn on the previous night, and 
they weie separated horn one another by 
equal inteivals, as the accompanying il- 
lustration shows.” 

Night after night Galileo continued to 
obseive this group of "stars,” and finally 
he "decided unhesitatingly, that theic 
aie three stars in the heavens moving 
about Jupiter, as Venus and Mercmy 
ufimd the Sun; which at length was es- 
tablished as clear as daylight by numer- 
ous othei subsequent obseivations. 
These observations also established that 
theic are not only thice, but four euatic 
sideieal bodies peifmming then i evolu- 
tions round Jupiter. . . .” 

Galileo wrote that the discovery of 
Jupiter's four moons, which he called 
"planets,” provided "a notable and splen- 
did argument to lemovc the sciuples of 
those who can tolerate the revolution of 
the planets round the Sun in the Coper- 
nican system, yet are so disturbed by the 
motion of one Moon about the Earth . . • 
for now we have not one planet only re- 
volving about another . . . but four satel- 
lites circling about Jupiter, like the Moon 
about the Earth, while the whole system 
travels over a mighty oibit about the Sun 
in the space of twelve years.” Galileo 
discovered another important fact: that 
the planet Venus has phases like those of 
the Moon; it waxes and wanes from a full 
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SPOTS OF THE SUN were also observed by Galileo. 
Before bis time lhe sun had been considered a "‘perfect” 
body* Woodcut is from Macchio Solaris 9 printed in 1613. 


SYSTEM OF COPERNICUS was defended in Galileo’s 
dialogues, from a 1632 edition of which this woodcut is 
taken. Illustration shows six planets and live moons. 


orb to a thin crescent. “From the obser- 
vation of these wondeiful phenomena/* 
wrote Galileo, “we are supplied with a 
determination most conclusive, and ap- 
pealing to the evidence of our senses, of 
two veiy impoitant problems, which up 
to this day weie discussed by the greatest 
intellects with different conclusions. One 
is that the planets are bodies not seli- 
lnminous (it we may entertain the same 
views about Mercury as we do about 
Venus) .... The second [is] that we are 
absolutely compelled to say that Venus 
(and Mercury also) revolves round the 
Sim, as do also all the rest of the planets. 
A truth believed indeed by lhe Pytha go- 
lean school, by Copernicus, and by Kep- 
lei, but ncvei proved by the evidence of 
our senses, as it is now proved in the ease 
oi Venus and Mercury,” 

The discovery oi die phases of Venus 
diiectly challenged the accepted Ptole- 
maic system. According to tins system, 
Venus moved in an epicycle, a circular 
orbit whose center always lay between 
the Earth and the Sun. If this weie true, 
then Venus, shining, as Galileo showed, 
by reflected light from the Sun, might be 
seen in some of its crescent phases, but 
we would never expect to see Venus as 
a half circle, a full circle, or any phases 
between. Yet Galileo obseivcd all these 
phases. 

G ALILEO'S discoveries made the 
Copernican system “philosophically 
reasonable” by showing that the Earth 
was like the other planets and the Moon. 
By observing the dark half of the quar- 
ter moon, faintly illuminated by earth- 
shine, he demonstrated that the Earth 
shone just like the planets. If observed 


through a telescope located on the Moon 
or on Venus, the Earth would exhibit 
phases like theirs. As Galileo put it, “The 
Earth, with fair and guileful exchange, 
pays back to the Moon an illumination 
like that which it leceives horn the Moon 
nearly the whole time during the darkest 
gloom of night.” 

The Sun, by contrast, was self-lumin- 
ous and thus set apart hom the Earth, 
the Moon and the planets If any single 
body was especially constituted to be at 
the center of the umveise, surely it was 
the Sun and not the Earth! And as a 
model for this picture of the solar sys- 
tem, with the Sun at the center and its 
attendant planets circling it, theie was 
Jupiter with its four satellites revolving 
about it in the same way, 

Galileos lilework shows a unity of 
pm pose and achievement that is rare 
among men of science. His work in me- 
chanics fitted in with his work in as- 
tionomy like an adjacent piece of a jig- 
saw puzzle. It is clear from his writings 
that Galileo was at heart a gadgeteer 
with true mechanical feeling and in- 
ventive genius. One of his earliest dis- 
coveries was that a pendulum always 
makes a complete swing in the same pe- 
riod of time, no matter what the length 
of the swing. He speedily applied this 
discovery to the invention of the “pulsi- 
logium,” a device for mechanically re- 
cording and comparing pulse rates. 
Aside from his natural bent for mechan- 
ics, however, Galileo was strongly at- 
tracted to this subject because, in part 
at least, he thought of it as a cosmological 
science, the link between earthly and 
celestial phenomena. If he could find the 
laws of motion on Earth, he could apply 


them to the motions of the planets and 
the stars. It was thus his ambition to 
show that if one adopted the Copernican 
system, the planets followed their pat- 
terns in the heavens by regular and sim- 
ple laws, and not, as in the older thcoiy, 
because each was guided by a “special 
intelligence.” 

In seeking a universal science of me- 
chanics that would apply equally to the 
heavens and the Earth, Galileo was, of 
course, flying directly in the face of the 
contemporary point of view. The Aris- 
totelian conception made a sharp dis- 
tinction between motion on the Earth 
and Moon and motion in the translunax, 
“celestial” universe. In the sublunar 
world, “natural motion” occurred in a 
straight line. An apple fell downward 
from the tiee because it was “heavy” and 
its natural place was “down”; to make it 
go m any other direction contrary to its 
natuie required a “violent motion.” In 
the translunar world, by conti ast, the 
natural motion was circular, as befitted 
the perfect material out of which the 
celestial bodies were made. 

By showing the similarity between 
the Earth, Moon and planets, which in- 
dicated that they must obey the same 
laws, Galileo brought terrestrial and 
celestial phenomena within one universal 
physics. The revolution in physical think- 
ing effected by Galileo may be thought 
of as concentrating men's attention on 
change and on motion, He proved that 
even the Sun, that most “perfect” of all 
heavenly bodies, was subject to change, 
for when viewed by Galileo's telescope 
it showed changing spots! Anyhow, as 
Galileo put the matter, it was no “great 
honor” for bodies to be immutable and 


43 




MOONS OF JUPITER were drawn by Galileo’s own hand on a letter ad- 
dressed to him. The drawings show positions of the moons at different times. 



THE PLEIADES were delineated in a 1610 edition of Siderius Nuncius . 
Galileo^s telescope had made visible the smaller stars of the famed cluster. 


unalterable, nor was the Eaith “conupt” 
because it changed. 

“It is my opinion,” he asserted, “that 
the earth is vciy noble, and admirable, 
by reason of: so many and so different 
alterations, mutations, generations, etc., 
which are incessantly made theiem, and 
li without being subject to any altera- 
tion, it had been all one vast heap of 
sand, or a masse ol jasper, 01 that ... it 
had continued an immense globe of 
christal, wherein nothing had ever 
grown, altered, or changed, I should 
have esteemed it a lump of no benefit to 
the world, lull of idleneses, and in a word 
superfluous. . . What gi eater folly can 
there be imagined, than to call jems, 
silvei and gold pietious; and earth and 
dirt vile? Foi do not these persons con- 
sider, that if there should be as great a 
scarcity of earth, as theie is of jewels 
and pretious metals, ihcie would be no 
pi nice, but would gladly give a heap of 
diamonds and mbies, and many wedges 
of gold, to pm chase onely so much earth 
as should suffice to plant a Gessemine m 
a little pot, or to set thciein a China 
Orange | tangerine], that lie might see it 
spi out, grow up, and bring forth so 
goodly leaves, so odorilerous floweis, 
and so delicate Unit? It is theieloie 
scarcity and plenty that makes things 
esteemed and contemned by the vul- 
gui...” 

W E SHALL consider here only three 
aspects of Galileo’s mechanics: the 
law of 1 ailing bodies, the principle of 
meitia, and the resolution and composi- 
tion of independent motions. The law of 
falling bodies is the most celebrated of 
Galileo’s discoveries. Modem scholarship 
has shown that Galileo’s work on falling 
bodies was original not so much in his 
own statement ol the law as in the par- 
ticular use he made of it. Aristotle had 
said that the speed of a given falling 
body depended on the resistance of the 
medium in which it fell, e.g., a stone 
obviously will fall fastci m aii than in 
water. He had also said that if two bodies 
were to fall in a resistant medium like 
air, their speed would depend on their 
weight. Even before Galileo, many 
writeis had expressed theii doubts con- 
cerning this dictum. In the sixth centiuy, 
John Pluloponos had demons tiated by an 
experiment that the contrary was true. 
Galileo approached the pioblem by 
using the principles of deductive reason- 
ing and mathematics rather than by di- 
rect experiment. 

He considered two possibilities in the 
case of a uniformly accelerated motion 
starting frona rest: 1) that the speed was 
proportional to the distance fallen, 2) 
that it was proportional to the elapsed 
time. The first led to an apparent con- 
tradiction, so he accepted the second, 
the now familiar law that the velocity 
equals the acceleration times the time— 
v=At. Then, making use of the well- 



known prool that a uniioimly acceler- 
ated body moves thiough a distance s m 
any time t equal to the distance it would 
have fallen m the same time t with the 
aveiage velocity, he deiived the equiva- 
lent of the law. s = JsAt a . 

As a check, Galileo pioposed an expei- 
nnent on an inclined plane. This test 
was a means of “diluting giavity,” so that 
one could study the relatively slow roll- 
ing motion by timing it with a water 
clock. The test depended on Galileo’s 
important theoiem of the composition of 
motions. A body moving down an in- 
clined plane, m the Galilean scheme, has 
two components, a horizontal or iouvaid 
motion, and a vertical or i ailing motion. 
Each is independent of the other By 
making a lough check with an inclined 
plane, he demonstrated Lhat the law 
s = %At 2 seemed to hold along the in- 
clined plane. From this he intened that 
it also held for freely falling bodies. 

Heie we have a typical example of 
Galileo’s method in physics: Imagine the 
conditions of a given situation, make a 
mathematical formulation and derive the 
reasonable consequences, then make a 
lough check, if it seems necessary, to be 
sure that the result is coircet. His experi- 
mental test involved a brass ball lolling 
m a gioove. He measured the time for 
different distances, at varying angles of 
inclination of the grooved hoard. In 
“experiments near an hundred times re- 
pealed,” Galileo found that the times 
agreed with the law, with no diffeiences 
“worth mentioning.” His conclusion that 
the diflerences were not “woith men- 
tioning” only shows how firmly he had 
made up Ins mind beforehand, for the 
lough conditions of the expeiiment 
would never have yielded an exact law. 
Actually the disci epancies were so great 
that a contemporary worker, Fere Mer- 
senne, could not reproduce the results 
described by Galileo, and even doubted 
that he had ever made the experiment. 

Once Galileo had satisfied himself that 
he knew the law of falling bodies, he 
wished to apply it. He knew full well 
that the law would work precisely only 
in an ideal situation— one in which there 
was no resisting medium— but he never- 
theless decided to apply it to falling 
bodies in air, since he observed that the 
effect of the air resistance was small for 
a heavy body such as a cannon ball. 

Keeping in mind that motion in air 
departs slightly fiom the ideal case, 
Galileo next applied his principles to the 
problem of determining the trajectory of 
a projectile. Accoiding to the Galilean 
analysis, a projectile has two independ- 
ent components of motion, horizontal 
and vertical, like the ball on the inclined 
plane. If fired horizontally from a gun, 
it moves forward the same distance m 
every second if we disregard tile small 
factor of air resistance. As it emerges 
from the barrel it also begins to fall to- 
ward the earth. During the first second 


it will lull 16 leet, dui mg the second 
second, 48 feet; during the third, 80 feet, 
and so on. Hence the path of the shell 
will be a paiabola. Heie was a brand 
new discoveiy that was of the utmost 
piactical importance m the new science 
of artillery-ianging. 

Implicit in Galileo’s analysis was an- 
other brand new idea, the punciple of 
inertia. While he did not state it ex- 
plicitly, m his assumptions about the 
movement of the piojectile he made use 



PHASES OF VENUS, which Galileo 
was the first to observe, were one of 
the several arguments lie used in his 
opposition to the Ptolemaic system. 

of the theorem that a body will continue 
m uniform motion m a straight line un- 
less acted on by an outside force. Galileo 
introduced the revolutionary concept, 
contrary to all older physics, that uni- 
form motion m a straight line is physical- 
ly equivalent to a state of rest, thereby 
transforming the science of mechanics 
from a static to a kinematic basis. 

These new principles gave the first 
complete explanation of the mechanics 
of the Copernican universe. Now one 
could explain why a stone dropped from 
a tower would fall at the base of the 
tower even though the Earth had moved 
while the ball fell. One could also under- 
stand for the first time why a stone 


dropped from the masthead of a moving 
ship would fall at the foot of the mast 
m spite of the movement of the ship. 
Galileo pointed out that the stone par- 
takes of the ship’s f oi ward motion be- 
foie it is dropped, and this fonvaid 
motion continues unchanged while the 
stone falls because the forward and the 
downwaid motions are independent. 
Consequently an obseiver on such a boat 
could not tell fiom this experiment 
whethei the boat was at lest or in uni- 
foim motion. In othei words, an obseivei 
cannot distinguish between a state ol 
rest and of unifoim motion save with 
regai d to an observable external system 
of lefeience This is the principle of 
Galilean relativity. He observed: “In le- 
spect to the Eaith, to the Tower, and to 
our selves, which all as one piece move 
with the diurnal motion together with 
the stone, the diurnal motion is as if it 
had never been.” 

A T this point the leader may ask: 

- What about the story ol the famous 
experiment in which Galileo diopped 
two balls of unequal size and weight 
from the Leaning Towei of Pisa? At 
some time and place, he did drop two 
unequal weights and found that they did 
not lut the ground with the great cliff ei- 
ence that Aristotle had piedicted. But it 
appears fiom modern seholiu ship that he 
novel did so, at least publicly, liom the 
Pisan tower. 

Galileo worked out Ins physics by 
thought, by correct reasoning and math- 
ematics, not by induction from experi- 
ments. During his clays at Pisa, before he 
went to Padua, he wrote: “But, as ever, 
we employ reason more than examples 
(for we seek the causes of effects, and 
they are not revealed by experiment) 
Galileo liked to use what we may call 
“thought experiments,” imagining the 
coiisequences rather than observing 
them directly. Indeed, when he de- 
scribed the motion of a ball diopped 
from the mast of a moving ship, in his 
Dialogue on the Two Great Systems of 
the World, he then had the Anstotelian, 
Simplicio, ask whether he had made an 
experiment, to which Galileo replied: 
“No, and I do not need it, as without any 
experience I can affirm that it is so, be- 
cause it cannot be othei wise.” 

To confute the supposed results of 
Aristotelian logic Galileo made a frontal 
attack on Aristotelians. For example, he 
pointed out that “it may be possible, that 
an artist may be excellent in making 
organs, but unlearned m playing on 
them, thus he might he a great logician, 
but unexpert in making use of logick; 
like as we have many that theorically 
understand the whole art of poetry, and 
yet are unfortunate in composing but 
mere four verses; others enjoy all the 
precepts of Cinci, and yet know not how 
to paint a stoole. The playing on the 
organs is not taught by them who know 



how to make oigans, but bv him that 
knows how to play on them, poetiy is 
learnt by continual reading of poets: 
limning is learnt by continual painting 
and designing, demonstiation horn the 
leading of books full of demonstrations, 
which aie the mathematical onely, and 
not the logical ” 

As foi Aristotle’s appeal to the experi- 
ence ol the senses, Galileo asks “And 
doth he not likewise affirm, that we 
ought to prefer that which sense demon- 
strates, befoie all aiguments, though m 
appearance nevei so well grounded? and 
saitli he not this without the least doubt 
.or hesitation?” To which Simpheio, the 
Aristotelian, leplies, “He doth so.” Then, 
says Galileo, . . you shall argue moie 
Aristotelically, say mg, the heavens aie 
alterable, foi that so my sense telleth me, 
than if you should say, the heavens aie 
unalterable, for that logick so per s waded 
Aristotle. Fuithermoie, wc may dis- 
course of coelestial matters much better 
than Anstotle, because, he confessing 
the knowledg thereof to be difficult to 
him, by leason of their remoteness from 
the senses, he thereby acknowledged^ 
that one to whom the senses can bettci 
represent the same, may philosophate 
upon them with more certainty. Now we 
by help of the telescope, are brought 
thirty or forty times nearer to the heav- 
ens, than ever Aristotle came; so that 
we may discover in them an hundred 
things, which he could not see, and 
amongst the rest, these spots m the Sun, 
which were to him absolutely invisible; 
therefore we may discourse of the heav- 
ens and Sun, with more certainty than 
Aristotle.” 

Galileo’s wiitings abound with refer- 
ences to the facts of experience, of direct 
observation. In this sense, Galileo burlt 
his science on a somewhat empirical 
basis. But he was in no sense such an 
empiricist as the 19th-century writers 
attempted to make him out. He was not 
a careful expeiim enter, though he was a 
keen observei, and it is only the fallacy 
of writing history backwards that has 
made us visualize him as the patient in- 
vestigator who only reluctantly drew 
conclusions after long test. The latter 
picture describes a much latei kind of 
scientific man, of whom die prototype 
may well have been Bober t Boyle. 

Galileos greatest general contribution 
was the idea that mathematics was the 
language of motion, and that change was 
to be described mathematically, in a way 
that would express both its complete 
generality and necessity, as well as its 
universality and applicability to the real 
world of experience. While Galileo ridi- 
culed the numerology aspect of Plato- 
nism, he declared in tire opening pages 
of the Dialogue: “I know perfectly well 
that the Pythagoreans had the highest 
esteem for the science of number and 
that Plato himself admired the human 
intellect and believed that it participates 


in divinity solely because it is able to 
undei stand the natuie of numbers. And 
1 myself am well inclined to make the 
same judgment.” That nature heisclf 
“loves the mtegeis” was shown m Gali- 
leos discovery that a falling body moves 
so that its speeds aftei successive seconds 
are m the latio of whole numbeis 1, 2, 
3. . , . The distances fallen in successive 
seconds aie m the ratio of tire odd num- 
bers 1, 3, 5. . . . The most important in- 
fluence on Galileo’s thinking undoubt- 
edly was Aichimedes, but whereas the 
lattei had constructed a geometiy ol lest, 
Galileo built a geometry oi motion 

T HE net result ol Galileo’s litewoik 
was to adduce new evidence 1 oi the 
Copcinican theory of the solar system, 
and to provide the mechanical rationale 
of its opeiation. One evidence of the 
success of this activity was the hostility 
his woik aroused. In the evening of his 
life he was brought into conflict with the 
Roman Inquisition. Galileo took the 
point of view, as expressed in his famous 
lettei to die Giand Duchess Cristina, 
that the Holy Scrip tuies did not have die 
teaching of science as their ultimate aim. 
Ide argued that the language of the 
Bible was not to be taken literally. Thus 
when the Sun was described as moving 
around the Earth, this did not imply the 
truth of the geocentric system, but was 
mciely an expression in everyday lan- 
guage. (In the same way we sLill speak 
of the Sun rising and setting.) From this 
point of view, Galileo held that one could 
accept the Copermcan system while re- 
maining a good Catholic and without in 
any way impugning the Scriptures. 

Plad Galileo remained at Padua under 
the rule of Venice, which held herself 
independent of papal jurisdiction, he 
would never have had to face the Inqui- 
sition. But with the fame attendant on 
his initial discoveries with die telescope, 
he chose to move to Florence. There is a 
vast and icadily available literature on 
Galileo’s trial and condemnation, which 
will not be discussed in this article con- 
fined to his scientific work It is hue that 
Galileo was never put to torture during 
his stay m the prison of the Inquisition. 
But the knowledge that others had been 
tortured there, and that not too long be- 
fore Giordano Bruno liad been burned 
alive, surely had their effects upon him. 
He was a man of 69 m poor health. Three 
physicians attempting to avert the trial 
had testified m 1633: “All these symp- 
toms are worthy of notice, as under the 
least aggravation they might become 
dangerous to his life” The poor man, 
formerly eager for combat with those 
who would deny the new truths, was 
now crushed by the action of the Holy 
Office of the Church to which he had 
ever been faithful. Upon repeated ex- 
amination, he “confessed”: 

“I, Galileo Galilei, son of the late Vin- 
cenzio Galilei of Florence, aged seventy 


yeais, being bi ought personally to judg- 
ment, and kneeling before you, Most 
Eminent and Most Reverend Loids 
Caidmals, General Inquisitors of the 
Umvcisal Chustian Commonwealth 
against hcielical depiavity, having be- 
foie my eyes the Ploly Gospels which I 
touch with my own hands, swear that I 
have always believed, and, with the help 
of God, will m future believe, eveiy 
article which the Ploly Catholic and 
Apostolic Church of Rome holds, teach- 
es, and preaches. But because I have 
been enjoined, by this Idoly Office, alto- 
gethei to abandon the false opinion 
which maintains that the Sun is the cen- 
tie and immovable, and foi bidden to 
hold, defend, or teach, the said false 
doctrine m any manner ... I am willing 
to remove horn the minds of your Emi- 
nences, and of eveiy Catholic Christian, 
this vehement suspicion lightly entei- 
tainecl towards me, theiefoie, with a sm- 
ceie heart and unfeigned faith, I abjure, 
curse, and detest the said errors and 
heresies, and generally every olhei enor 
and sect contnuy to the said Holy 
Church; and I swear that I will never 
mine in future say, or assert anything, 
verbally oi m writing, which may give 
rise to a similar suspicion of me; but that 
i( I shall know any heretic, or any one 
suspected of heresy, 1 will denounce him 
to this Ploly Office, or to the Inquisitor 
and Oidinary of the place in which I may 
be. I swear, moreover, and promise that 
I will fulfil and observe fully all the 
penances which have been or shall be 
laid on me by this Holy Office. But if it 
shall happen that I violate any of my 
said pi onuses, oaths, and piotestations 
(which God avert!), I subject myself to 
all the pains and punishments which 
have been decieed and promulgated by 
die sacred canons and other general and 
particular constitutions against delin- 
quents of this description. So, may God 
help me, and His Holy Gospels, which I 
touch with my own hands, I, the above 
named Galileo Galilei, have abjured, 
sworn, promised, and bound myself as 
above; and, in witness thereof, with my 
own hand have subscribed this present 
writing of my abjuration, which I have 
recited woid for word.” 

One can only wondei at the indomita- 
ble spirit that enabled Galileo— shamed, 
confined, ill, his major work placed on 
the Index of Prohibited Books— to com- 
plete his last major work, The New Sci- 
ences, the publication of which had to be 
arranged surreptitiously. And today we 
may also wonder whether the fight for 
freedom of belief has yet been truly won. 
For we can repeat Galileo’s tragic dec- 
laration: “Philosophy wants to be free!” 


I Bernard Cohen, assistant professor 
of the history of science and of general 
education at Harvard University , is 
managing editor of the journal Isis. 
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THE DIALOGUES were Galileo’s exposition of “the 1632. Shown here is the frontispiece of a presentation 

two great systems of the world.” In it his three char- copy dedicated by the author. The word “LINCEO” 

acters debated for four days. The book resulted in his which follows Galileo’s name stands for the Society of 

trial and imprisonment. Its first edition was printed in Lynxes, a group of people interested in science. 
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RADIOACTIVITY AND TIME 


The regular decay of radioactive isotopes provides 
evidence of the age of Egyptian tombs, Pleistocene 
sediments, pre- Cambrian rocks and the earth itself 


by P. M. Hurley 


ABOUT 15 years ago Enc Temple 
Bell, professoi of mathematics at 
J/m. California Institute of Tech- 
nology, wrote a science-fiction tale called 
'‘Before the Dawn.” A piquant item m 
this fantasy was an electronic televisor 
that projected events not in space but m 
time. When focused on ancient locks, it 
could reconstruct on a large screen a mo- 
tion picture of the story that the rocks 
had to tell. The machine re-enacted with 
photographic accuracy geological up- 
heavals that had occurred on the site 
eons ago, and battles between animals 
now long extinct. 

If modem geology cannot match the 
realism of Bell’s automatic rock-reader, 
it can reconstruct the history of the eaith 
with some accuracy and detail, at least 
for the last 15 per cent of the eaith’s age, 
the period covered by the fossil record. 
And it now has a technique which seems 
even moie unreal than Bell’s machine— a 
natural clock that gives us the time of 
events in the dim geologic past. In other 
words, for the first time we can lead in 
the rocks not only the sequence of hap- 
penings but their dates. 

The discovery that made this possible 
was radioactivity* The slow decay of 
naturally radioactive elements m the 
earth's crust has ticked off the seconds 
since the earth was born with unalterable 
precision. The rates of disintegration of 
these elements are so unaffected by the 
temperatures and pressures of our planet 
that they may be considered fixed con- 
stants. Thus by measuring tire amount 
of the elements’ decay we can determine 
the age of the structure of which they 
are a part. 

Effectively, the clocks began to tick 
when some molten part of the earth so- 
lidified into crystalline rock. When a sin- 
gle mineral crystal is formed, it contains 
certain predominating elements and a 
number of minor ones trapped in its 
structure as impurities. The radioactive 
element that serves us as a clock may be 
either a major or a minor constituent of 
this crystal Let us say it is uranium. The 
element breaks down at a known rate, 
producing certain isotopes of lead as 
stable end-products. After a few tens of 
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millions ot ycais there is enough such 
lead in a sample of the rock to be meas- 
ured chemically. By measuring the end 
product and the amount of ladioactive 
uranium still left, one can determine the 
age of that particular rock. This in turn 
dates an event associated with the rock 
in the earth’s history. 

The method can be made clearer by 
considering a study of an actual mineral 
sample. The sample was a piece ol sa- 
maiskite, a velvety black, crystalline 
mineral, taken fiom the Spinelli Quarry 
in Glastonbury, Conn. This mineral con- 
tains uranium and thorium, both of 
which were utilized as clocks. In every 
100 grams of the sample there were 
about seven grams of inanmm, thiee 
grains of thorium and slightly more than 
three tenths of a gram of lead. 

How much of this lead was the prod- 
uct of the breakdown of uranium and 
thorium, and how much of it was orig- 
inally present in the samarskite when it 
crystallized? To find out, Alfred O. Nier 
of the University of Minnesota separated 
the tiny quantity of lead into its isotopes 
and measured them by means of a mass 
spectrometer. He measured the amounts 
of each of the four isotopes present, lead 
204, 206, 207 and 208. Lead 206 is 
known to be a breakdown product, or 
daughter, of uranium 238; lead 207 is a 
daughter of uranium 235, and lead 208 
is a daughter of thorium 232. But lead 
204, fortunately, is not a daughtei; it is 
a stable material, the amount of which 
has not been significantly increased by 
the bieakdown of any possible progeni- 
tor in the past two or three billion years. 
Thus it serves as a measure of the amount 
of lead originally piesent in the sample. 

In common lead the isotopes 204, 206, 
207 and 208 appear in certain almost 
constant pioportions. Assuming that the 
isotopes were present m these propoi- 
tions m the samarskite before the break- 
down products were added, the addi- 
tions can be computed by measuring the 
change in the relative abundance of each 
isotope as compared with 204. The 
samarskite sample had .0004 of a gram 
of 204 in every 100 grams of the mineral. 
By comparing the amounts of the other 


isotopes m this sample with the amounts 
ol the same isotopes associated with 
every .0004 of a gram of lead 204 in 
common lead, the amounts of added or 
radiogenic lead were determined. 

Consider first thorium and its daugh- 
ter, lead 208. In the samarskite sample 
there was .0518 of a gram ol 208 for 
each .0004 oi a giam ot 204. In common 
lead the proportion is .0142 of a gram ol 
208 to .0004 of a gram of 204. Thus the 
difference, .0376 of a gnun, was the 
amount ol lead 208 produced by the dis- 
integration of the original thorium. There 
were thiee giams ol thorium left in the 
sample, from this die original amount of 
thorium could be computed. The half- 
life of thorium, La., the time it would 
take for half of its atoms to disintegrate, 
is known to be 13.9 billion years. On the 
basis of these figures, the thorium clock 
showed that this rock was 266 million 
years old 

N O SINGLE clock is entirely trust- 
worthy, however, in this type ot 
investigation. There is no assurance that 
we have an accurate estimate of the 
amount of the parent isotope originally 
present, or that some of the parent or 
daughter atoms have not escaped from 
the rock, For example, the crystals have 
been under constant bombardment for 
millions of ycais by alpha particles emit- 
ted by the radioactive elements. This 
barrage shatters some of the crystals, and 
some atoms may well leak out of the 
rock, particularly in the water- saturated 
zone near the earth’s surface. In that case 
the amount of disintegration of the par- 
ent element cannot be determined accu- 
rately. 

In the particular case of the samar- 
skite sample, fortunately, there were no 
fewer than three other clocks available 
for checking. One was uranium 238, 
which has a half-life of 4.5 billion years 
and decays to lead 206 as its end prod- 
uct. The amount of its daughter lead was 
computed to be .236 of a gram per 100 
grams, and so this clock gave 255 mil- 
lion years as the age of the rock. The 
second clock was uranium 235, which 
has a half-life of 707 million years and 



yields lead 207. It gave 254 million ycais 
as the age ol the lock. The third clock 
was based on the piopmtion ol lead 207 
to lead 206; because the half-lives of 
their parents, U-235 and U-238, differ, 
this ratio varies with time m a calculable 
manner. This clock timed the age ol the 
lock as 256 million years. Thus the three 
uranium clocks showed lemarkable 
agreement. The thorium measurement, 
appaiently less accuiate, was discaided, 
and the age of the sample was consid- 
ered to be accuiately fixed at about 255 
million years. 

Such close agreement is, of course, the 
exception lather than the uile. More- 


over it is not often that moie than one 
clock is at hand to check the results. Be- 
cause minerals with enough manium or 
thorium m them to be usable for lead 
ratios are relatively lare, age determina- 
tions by this method frequently cannot 
be made where needed most. What 
geologists have sought is a measure that 
can be used on the small amount of 
radioactivity piesent m common rocks. 
Virtually all rocks have at least a little 
radioactivity; granites, for example, 
average about a tenth of an ounce of 
manium pei ton 

Theie was gieat hope for a time that 
helium would provide this sensitive 


measure. Helium, whose atomic nuclei 
are alpha particles, is one of the products 
of the breakdown of uranium and tho- 
rium; e.g., each atom of U-238, in decay- 
ing to stable lead, yields eight atoms of 
helium. Measurements of helium in rock 
samples at first seemed to give rock ages 
that agieed with those determined by 
lead measurements, but it was found 
later that this agieement was accidental 
and due to a compensating error. 

Theie is almost always less helium in 
locks that have crystallized out of a 
molten state than one would expect. In 
such i ocks radioactive elements are con- 
centrated in little pockets. Helium in the 



AGES OF ROCKS in North America have been outlined 
by measurements based on radioactivity. Black and 
white strips indicate the roots of mountain belts, some 
of which are numbered in their order of development. 


Dotted lines denote possible mountain belts. Type of 
radioactive measurement is given by the ratio of one 
element to another, e.g., a lead-uranium ratio is indi- 
cated as Pb/U. Rock ages are given in millions of years. 
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foim of alpha pm tides is filed atom by 
atom into the crystal structures ot the 
rock as bullets might be filed into a log. 

It is believed that the crystal structures 
eventually break down and allow some 
helium to escape from the lock. Rocks 
that have not crystallized out of a molten 
state do not beai their uranium and tho- 
rium in these highly concentrated pock- 
ets, so they aie being investigated foi 
their usefulness in the measurement ot 
time by helium ratios. One mineial, 
magnetite, has been tested extensively, 
and the results derived hom it are in 
general agieement with those derived 
from lead latios. 

The element rubidium is another use- 
ful clock. The nidioactive isotope rubid- 
ium 87, with a half-life of about 58 
billion years, decays to a stable isotope 
of strontium. Thus the age of minerals 
containing mbidium can be found by de- 
termining the ratio of Sr 87 to Rb 87 . Cer- 
tain micas are rich in rubidium. In 
lithium mica it has been found that more 
than 98 per cent of the strontium present 
is the product of the decay ot mbidium 
Measurements of a number of minerals 
containing mbidium have yielded ages 
that agree reasonably well with those 
based on uranium and lead. 

These various clocks have now given 
us an approximately accurate lime scale 
for the geological periods since the be- 
ginning of the Cambrian Period ol sonic 
500 million years ago (see chart on page 
51 ) . In the map on page 49 are the cal- 
culated ages of some older rocks in North 
America. J. Tuzo Wilson of the Univer- 
sity of Toronto has recently plotted belts 
of exposed pre-Cambiian rocks in the 
ancient formation known as the Cana- 
dian shield. Fiom observations at places 
where these belts ciossed one another, 
he determined their relative ages. The 
radioactive clocks agreed m general with 
Wilson s evidence. For instance, rocks in 
the belt that he judged to be tlie oldest 
showed the greatest age, two billion 
years, in the radioactivity measure- 
ments. 

B UT WHAT about dating events in 
the Pleistocene— the brief last mil- 
lion yeais in which man has lived on the 
earth? The slow-paced clocks that we 
have been considering have no minute- 
hands- they are not refined enough to 
measure intervals as shoit as a fraction 
of a million years, the period in which 
anthropologists and glacial geologists are 
particularly interested. The events of this 
period have hitherto been dated by the 
ebb and flow of glaciers, by tree "rings 
and by sedimentary layers— all of which 
have been unsatisfactorily restricted as 
clocks. 

To measure lengths of time of a few 
thousand ox hundred thousand years, we 
must use isotopes with half-lives of the 
same order of magnitude, instead of tire 
millions or billions of years of uranium 


and thomim It so happens that theie aie 
seven al convenient ones. 

One useful clock is found in the sedi- 
ments laid down on ocean floors In their 
microoiganic lemains the sediments con- 
tain an unbroken lecoid of changes m 
climatic conditions and surface-water 
temperatures ovei the whole Pleistocene 
Peiiod. And mixed with the sediments, 
deposited m them out of sea watei, is the 
xadioactive isotope thorium 230, with a 
half-lile ot about 83,000 yeais. Thorium 
230 is one of the m tei mediate pioduets 
m the decay of uianium to lead. It has 
been iound that the ratio of thorium 230 
to uianium decreases in a reguku man- 
ner with increasing depth ol the sedi- 
ments. If the amounts ol thorium 230 
and uranium are measuiecl in closely 
spaced samples taken fiom the top ol 
the sediments down, the late of deposi- 
tion of the thoiium at any level, and the 
age of that level, can be calculated. 

It is now possible to obtain samples ot 
these sediments from any desired depth 
and location by means of a ship-boine 
ng that cuts a long core out of the ocean 
bottom. Coies 20 to 30 leet m length, 
repiesonling the entire Pleistocene oi 
even longer, have been In ought up and 
studied. One interesting and important 
investigation m the Antarctic region has 
shown that glacial conditions have ex- 
isted theie lor 1.1 million yeais, and that 
ice ages in the Southern Hemisphere ap- 
parently were contemporaneous with 
those m the Northern Hemisphere. 

This clock will he particularly helpful 
to anthropologists, who aie interested m 
the dates of glaciation and climatic 
change. The ethnologist, unearthing an 
early culture of man, needs a shorter 
time measurement. A clock suited to his 
needs may he forthcoming as a result ot 
a most happy recent discovery by E, C. 
Andexson, W. F. Libby and others at the 
University ol Chicago. This clock is the 
radioactive isotope carbon 14. Anderson 
and his co-workeis found that carbon 14 
is being created continuously in the at- 
mosphere by cosmic radiation. Neutrons 
produced by cosmic rays convert part of 
the nitrogen 14 m the air into carbon 14. 
The amount of carbon 14 is not continu- 
ously inci easing, but has reached a bal- 
ance point where as much breaks down 
by radioactive decay as is formed. Thus 
the small amount of carbon 14 in the air 
remains constant, and it was probably 
the same hundreds of thousands of yeais 
ago as it is now. But any carbon 14 that 
is taken out of the air by some stable 
material on the earth (e.g., a tree or ani- 
mal) decays without replenishment if it 
is buried. It is possible, therefoie, to date 
wood, sea shells or other materials con- 
taining carbon that are found with arti- 
facts in a buried camp site or cave simply 
by measuring the proportion of the car- 
bon 14 that is left in the buried remains. 
Since the half-life of carbon 14 is only 
5,700 years, this clock will be reasonably 


accuiate only up to about 25,000 yeais. 
Recently the Chicago investigates made 
an interesting test to check then method. 
They obtained two samples of wood 
fiom Egyptian tombs* one from the 
tomb ol Sneferu at Meydum, the othei 
fiom the tomb of Zoser at Sakkaia, Ar- 
chaeological evidence indicated that 
both samples were about 4,600 yeais old. 
The caibon 14 measurement gave an age 
that agieed with this within the statisti- 
cal counting eiror— a remarkable demon- 
stration and a well-executed piece of 
scientific work. 

Still another possible clock is the iso- 
tope potassium 40. This isotope may de- 
cay to calcium 40 or to aigon 40 (see 
page J6). Too little is known about its 
hall-life, liowevei, to make this clock 
usable at the present time. 

U LTIMATELY the most interesting 
question to be answered by our 
radioactive clock is: How old is the earth 
itself? Oldei estimates have vaned from 
the 17th-centuiy calculation of the Iiish 
Archbishop James Usshei that the eaith 
was loaned at nine o’clock on the morn- 
ing of Octobei 12, 4004 B.C., to the al- 
most equally specific figure ot 1,972,- 
949,048 years anived at by the ancient 
Hindus. The Hindus, oddly, weie in the 
right order of magnitude. 

The oldest rocks that have been reli- 
ably dated are about two billion yeais 
old. But obviously there is little hope of 
arriving at an accurate figure for the age 
of the earth by direct measurement ol 
the age of any mineral, for it can nevei 
be ascertained fiom such evidence alone 
how close to the beginning of the eaith’s 
time that particular mineral was formed 
As more minerals have been measuied, 
older and older ones have been found, 
and it is known that there are rocks more 
ancient than those dated two billion 
yeais ago. 

A more diiect and at present the most 
lehablc method of ai riving at the age of 
the earth is the study of the ratio be- 
tween lead 206 and 207, daughters of 
uranium 238 and 235, respectively, in 
lead ores occurring in vaiious parts of 
the earth. As we have noted, because of 
the difference in their half-lives the ratio 
of U-235 to U-238 has changed duimg 
the earth’s history. Theie was moie 
U-235 m a gram of uianium in the past 
than there is today, and the ratio can be 
calculated for all times in the past. In 
the discussion of the thorium and ura- 
nium clocks, it was pointed out that the 
pioportion of the various isotopes in 
common lead was almost constant. But 
it is not quite: actually “common” lead is 
made up of a “primeval” lead, inherited 
by the earth al its beginning, and very 
small additions of daughter lead from 
the thinly distributed uranium and tho- 
rium that exists through the eaith’s crust. 
These small additions vaiy with the age 
of the common lead. Using these facts 



and comparing the piopoitions of lead 
206 and 207 with lead 204 in a number 
of samples of lead ore of vanous ages 
and locations, the British geologist Ar- 
thui Holmes has computed the probable 
age of the earth at 3 35 billion years. 
This value appeals to be the most relia- 
ble yet obtained. As the half-lives of U- 
238 and U-235 are detei mined more 
piecisely, and as moie isotopic analyses 
of lead are made, the figure may be 
modified, but it will probably not change 
veiy much. 

I F THIS be taken as the age of the 
earth, how much older is the uni- 
verse? Twenty years ago astronomers, 
led by the British cosmologist James 
Jeans, were in favor of the "long” time 
scale, reckoning the age of the umveise 
as some thousands of billions of yeais. 
The discovery of the ‘Ted shift” in the 
light from distant galaxies, which led to 
the expanding universe theoiy, and woik 
on the dissolution of galactic clusteis, 
recently summaiized by Bart Bok of 
Harvard University, have tended to 
shorten the time scale in the minds of 
most astronomeis In general it seems 
that the astronomers now are more con- 
scious of the youthfulness of the universe 
than of its antiquity Their estimates to- 
day are of the order of two to thiee 
billion years. 

Geologists and radioehcmisls believe 
that through the study of the present 
abundances of unstable isotopes and esti- 
mates ol their probable abundances in 
primordial times, they may be able to 
determine a limit for the age of the uni- 
verse. If all the universe was created 
suddenly at a certain point in time, pre- 
sumably all of the nuclear species now 
known, both natural and artificial, and 
many more besides, would have been 
formed m the 'process. This time of crea- 
tion of atoms, if indeed such an event 
occurred at a single time, has been called 
“nucleogenesis ” The present evidence 
seems to place nucleogenesis only a short 
time befoie the origin of the earth, three 
billion years ago. 

The fact that we now have well-de- 
fined limits to the age of the earth, and 
even some suggestion of the age of the 
universe itself, brings us face to face 
with the hardly avoidable consideration 
that the material universe was born m a 
violent event at a time m the not too dis- 
tant past. Thus our radioactive clocks, 
by introducing calculable time, however 
great, into the history of the earth and 
the universe, give a reality to events 
which was not present when they were 
considered to have happened vague 
"eons ago.” 



P. M. Hurley is assist- 
ant professor of geolo- 
gy at the Massachusetts 
Institute of Technology . 


HISTORY OF THE EARTH in comparatively recent geologic times has 
been classically worked out by the sequence of rock layers. This sequence is 
now supported by measuring the products of radioactive processes in the 
rocks. Three columns at the right give the results of such measurements. 






SEEING LIGHT 
AND COLOR 


One of our most familiar sensory experiences is perhaps 
the most difficult to define. The study of it requires 
the application of physics, physiology and psychology 

by Ralph M. Evans 


M OST of us feel quite sure that we 
know what is meant by the term 
color. We could all give some sort 
of definition of it, although we would 
not find it easy. We are likely to wind up 
with a pretty vague description of some- 
thing having to do with light and ob- 
jects. 

The reason for the difficulty is not far 
to seek. What we call color is a purely 
mental effect. It takes place only in oui 
minds, and we have no words to describe 
anything purely mental. It is the same 
with all of the other senses. A pain can- 
not be described except to say that it 
hurts, nor a sound except that it is loud 
or soft, high or low, complex or simple. 
To try to get deeper and describe what 
a sound is results in vagueness, again be- 
cause there aie no words. 

In the 500 most frequently used words 
in the English language, according to the 
Thorndike-Lorge word counts, there are 
only 15 related to vision in any way. Of 
these only five are concerned directly 
with color. These are the words "color/' 
"light/' "white/' "green” and "red.” 

Accordingly we are considering a sub- 
ject which is not easy to put into words 
and winch contains many philosophical 
problems too complex to attempt to pre- 
sent. Fortunately it is possible to illus- 
trate some of the examples. 

Statistics tell us that in this country 
less than half of one per cent of the men 
and practically no women are seriously 
color blind. A few people with anatomi- 
cal difficulties may never see any colors 
at all, but this is rare. Some eight to 10 
per cent of men, however, have com- 
paratively poor ability to distinguish 
colors, and among persons with good 
color perception not all see colors alike, 
even in the pure colors. 

Some of the apparent mysteries of 
color are fundamental to the way we see 
everything, not just color. Vision is per- 
haps the most wonderful fact in our 
lives. Color cannot be understood with- 


out some basic knowledge of its charac- 
teristics. 

Let us fust considei form vision as 
distinct from color vision. When we look 
at a natural scene we see ceitain objects 
spread out in a definite ammgement m 
space. For each of these objects an ap- 
proximate size, distance, shape and color 
can be given. If we analyze our thoughts 
carefully, wc find that mound each thing 
wc call an object, there is an abrupt 
change in the nature of the light that 
reaches our eyes. The closed or partially 
closed outline formed by this more or 
less abrupt change m light is considered 
as meaning that this is the edge of some 
actual thing in the scene. We recognize 
this outline and other visible character- 
istics and give the thing a name— say we 
recognize it as a "tiee.” This recognition 
of the shape of objects is called form 
vision. In a sense it is a more important 
type of vision than seeing the color rod 
or green, since complex seeing is based 
on form recognition. So it is woi th while 
to spend a little time on analyzing how 
you decide that this is a tree. 

Consider the tree drawing on the op- 
posite page. Here it is fairly obvious that 
the concept of tree develops entirely 
through the recognition of the outline: 
there is nothing else present in the pic- 
ture. A little thought will show, .how- 
ever, that an outline is not sufficient to 
make us see a tree. We have to know 
what a tree is first. 

If we know what the object is, only a 
suggestion or two is necessary to make 
it possible for us to see it. In fact it is not 
necessary that even the outline as such 
be shown. The shadow alone, as in the 
drawing showing the shadows of block 
letters on the opposite page, is usually 
enough to evoke at least some concept 
of the whole figure. 

Seeing form, therefore, is partly a 
matter of outline but also, to a great 
extent, a matter of imagination. The 
same is true, to a lesser extent, of seeing 


color. When we associate a color very 
strongly with a particular object, we 
tend to assume that the object has the 
same color ovei its whole aiea, even 
though it may not have, and this is the 
way we see it, unless there is definite evi- 
dence that the color is not the same all 
over. This is partly because we don't 
look caicfully and partly because we be- 
lieve it so stiongly. 

I N COLOR the nearest parallel case to 
form vision consists in seeing an ob- 
ject color m spite of conflicting evidence 
from reflections, transmitted colors, or 
sometimes even of colored illumination. 

The light, our eyes and our mind are 
the three phases of color. Each of them 
enters into every ordinary situation in 
which color is seen. The three sciences to 
which these three phases relate are. 
physics, which deals with the nature of 
the light reaching the eye; physiology, 
which deals with the response of the eye 
and its transmission to the brain; and 
psychology, which deals with the mental 
image so produced. There is a fourth 
science known as psychophysics dealing 
with a combination of the three. This 
science concerns itself with laws that re- 
late the physical nature of the light to 
the repeatable and measurable effects 
produced. In practice the boundaries be- 
tween these phases are about as sharp 
as usual in related sciences. 

The problem is to explain how matter 
and energy, the "real things” in the do- 
main of physics, produce diffeient effects 
on people. Because of differing past ex- 
periences, if two people do not look for 
the same thing they do not see the same 
thing. The science of physics, however, 
states flatly that the light striking the 
eyes of two people looking at the same 
scene from the same position is the same 
in quality. 

What is meant by "the same quality”? 
Suppose we consider one small beam of 
light striking the eye. Physics tells us 




FORM VISION is based on outline and experience. Tlie block letters in the center of the page are not strictly* 
drawing at tlie top of this page is obviously a tree. Yet outlined. Shadows are sufficient to make them appar- 
to a person who had never seen a tree it would be mean- ent. The ink blot at bottom represents only an ink blot, 
ingjess. Even outline is not essential to form vision. The but experience causes us to see many other things in it. 
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CUBE seen from one corner through 
one eye will appear to many as a two- 
dimensional drawing with six sides. 



TILTED forward, the same trans- 
parent cube will represent to more 
people a three-dimensional object. 



ROTATED* the two-dimensional out- 
line will appear three-dimensional 
to even larger number of people. 


that it this light is passed thiough a glass 
pi ism it is spread out into a eoloi spec- 
tium. This may be taken to mean that 
the beam of light is made up ol a mixture 
of chffeient kinds of light, which are 
sepai ated m the pi ism by being bent in 
slightly different directions. The eye sees 
these diffeiences as colors. Physicists 
identify them as diftei mg wavelengths of 
eneigy, and meastue them m terms of 
Angstiom units. The visible wavelengths 
range liom about 4,000 Angstiom units, 
at the blue or violet end of the spectium, 
to about 7,000, which is seen as led 
These numbers describe the kind of light 
independently of how it looks to an ob- 
server, and we need them as a ieferen.ee 
point because of differences m seeing. A 
given wavelength, for example, may be 
seen under certain conditions as green 
and under other conditions as yellow 01 
blue. 

For the physics of color this is pi ac- 
tually the end of the story Light horn 
diftei ent souices and objects differs m 
die amount of each kind of wavelength 
present, and this may all be described by 
a curve indicating the amounts of the 
vai jaus components. The only other way 
m which two light beams may differ as 
far as the eye is concerned is in the direc- 
tion from which they anive, Dii notion, 
quality and quantity, therefore, are the 
characteristics of light helot c it has en- 
tered our eves. The physiology of vision 
begins where physics ends— -at the point 
where light enters the eye. 

T HE EYE, like a camera, has a lens at 
the Jiont which bends the rays arriv- 
ing at its sui face so that light hour each 
point of the object is focused at a point 
at the back of the eye. All the points 
taken together form an image of the 
scene. It is often assumed that m effect 
the mind looks at this image m the back 
of the eye and thus secs the scene out 
front, but tins is a perfectly ridiculous 
notion. What actually happens is that the 
image affects some six or seven nullum 
nerve fibeis that are sensitive to light. 
Each fiber gives off an electric cui rent 
thiough a process which is perhaps pho- 
tochemical in natuie. The cm rents travel 
through a nerve cable to the brain and 
there produce m a fantastically complex 
manner some sort of replica of the image. 
That this hi am image has any direct re- 
lationship to what we think of as a photo- 
graphic image, however, is exceedingly 
unlikely. 

There is no simple way of describing 
the action of the eye in terms of its re- 
action to various kinds of light under 
various circumstances. A statement of 
the mere physical characteristics of a 
scene does not describe its appearance 
to the eye with any degree of accuracy. 
The image is influenced by what the eye 
has seen just previously, by the effects of 
parts of the image upon one another and 
by the effect of the total image upon the 


appeal ance of its paits. For example, a 
patch of eoloi with approximately the 
same spcctial distribution as noon sun- 
light is seen as blue when it is sur- 
rounded by yellow. When the sunound- 
mg aiea is purple, the central patch 
appears yellowish gieen. Again, it it is 
suiiounded by gieen, the center will be 
seen as pmk. Tins effect is known as si- 
multaneous color contiast The sur- 
rounding aieas also affect the brightness 
as well as the hue of the central area. 
Such effects aic not restricted to directly 
neighboring areas, they may occur over 
all paits of the field of vision. 

The carry ovei from one image to an- 
other is illustrated by this experiment. If 
von staie lor 3 5 oi 20 seconds at any 
cleaily defined small aiea ol eoloi and 
then suddenly shilt your gaze to a me- 
dium giay card, you see an “afterimage* 
of the first aiea The foim ol the aftei- 
image is the same as the original, but its 
colors and brightnesses aie different. The 
lightei paits are now the daikei and vice 
versa , and the colons aie complementary 
— loi example, blue becomes yellow and 
green becomes pink. 

There is another phenomenon, the ex- 
act opposite' ol simultaneous contrast, 
known as the “spreading eflect.” Ouh- 
naiily, simultaneous contrast should 
lighten the colons next to black. But if 
small, lepealed areas in a design aie siu- 
lounded by narrow black lines, they look 
darker. Conversely, small white lines 
around the same areas make them 
whiter. This effect is seen quite olten in 
daily life if one looks loi it. Any small 
area of eoloi such as a block letter imme- 
diately becomes darker if a black line is 
drawn around it; its eoloi will mix with 
whatever eoloi is used to draw the line. 
The effect, which has not yet been satis- 
factorily explained, is purely visual 

N OW ALL these effects are what you 
might call pi opei ties oi the eye it- 
self. They occur whenever these condi- 
tions aie present, and are effectively the 
same for all people. They lie in the field 
of physiology, they do not depend on 
individual expci ience m any way. 

In looking around us, we see not 
patches of light but leal objects in a real 
world. And this brings us to the psycho- 
logical aspects of vision. 

Let's start with the flat statement that 
when you “see’* an object in front of you 
at any distance beyond your reach, you 
actually see not what is there hut what 
you think is there. And this is not meant 
in any abstract philosophical sense. Con- 
sider the series of three drawings at the 
left. The first shows a six-sided figure 
with radial lines fiom the center to the 
corners. This is a perfect drawing of a 
transparent cube as seen with one eye 
looking directly at one corner. Many peo- 
le, however, will see it only as die two- 
imensional drawing which, it really is. If 
we tip the cube, as in the second draw- 
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SHOE standing by a cube makes it 
possible for the viewer roughly to es- 
timate the apparent size of the cube. 

ing, more people will tend to see it as a 
cube, 01 at least as a diawmg of a cube; 
and if we rotate it slightly, as in the third 
drawing, most people will see it as a cube 
built up out of 12 white wnes rather than 
as a drawing at all. 

Many reasons can be given for this 
change in attitude. All three of the draw- 
ings are two-dimensional, and yet you 
change from seeing the drawing as a 
design to seeing it as a reproduced ob- 
ject You see what you consider the most 
likely meaning of the di awing. If you 
believe it is intended as design, you see 
it that way; and vice versa , if you feel 
that it lepresents a cube you change to 
that way of seeing it. And you see the 
lines as a cube not so much because they 
are like a cube but because a cube is the 
nearest thing in. your cxpeiience to what 
you see in the diagram. 

Our vision is so highly trained as to 
make all our other skills comparatively 
crude. Practically every waking mo- 
ment, since we first tried to reach out and 
touch a bright something in front of us, 
has been devoted in part to learning to 
see. The net result, by the time we reach 
maturity, is amazing, but few of us ever 
have occasion to consider it objectively. 
Indeed, the very fact that most of us are 
unconscious of this skill makes its proper- 
ties surprising and not easy to under- 
stand. 

As Adelbert Ames of the Dartmouth 
Eye Institute puts it, “The things we see 
are the mind’s best bet as to what is out 
front.” They represent the assumption 
we should have to make if we were to 
take some action toward the objects. 

A more dramatic illustration than the 
drawings is the series of three photo- 
graphs at the top of this page. In the first 
you see a familiar object, a shoe, along 
with a not so familiar cube. Although 
you do not know the exact size of the 
shoe, you have a fair concept of its 
length, and accordingly, you have an 
idea about the size or the cube. In the 
second photograph you note that this is 
a different shoe and a much smaller 
cube. There is nothing unusual to you 
about either picture because you have 
assumed them as usual. But when you 



ANOTHER shoe provides basis for 
estimating another cube to he small- 
er than the one that appears at left. 

look at the thud photograph you imme- 
diately readjust your thinking drastical- 
ly, You now realize that you chose the 
wrong class of objects as the standard of 
measurement. You measuied the cubes 
by the shoes, instead oi vice versa , sim- 
ply because youi assumption about the 
size of the shoes was the safest you could 
make. There was nothing in your expe- 
rience to suggest that one of the shoes 
might be size 52 ? 

Seeing, therefoie, is as much a matter 
of cxpeiience as of physics oi physiology. 
It is always based m part on assumptions. 
We see what we believe we are looking 
at. Our mental pictures are our own. 
They are not necessaiily shaied either by 
others or by the objects themselves. 

S UPPOSE you weie suddenly con- 
fronted by an entirely unfamiliar ob- 
ject, what would you see? The answer is 
quite simple: you would see it as similar 
to a possible something you had en- 
countered befoie. Given a particular 
scene, you do your best to see the objects 
as you leally believe them to be. On the 
whole you do a very creditable job. Oc- 
casionally, however, the situation is too 
much for you and the lesult does not jibe 
with the facts. Or conversely, and more 
importantly, as the result of your experi- 
ence you may see something correctly 
even when the physical facts of the situ- 
ation are misleading or confusing. 

It is interesting to review a few cases 
where the mind sees correctly and in- 
stantly things which from the physical 
standpoint are quite complex. If a clear 
colorless glass object is placed in front 
of a colored surface, you see the color 
of the background through it. The glass 
seems to have the color of the back- 
ground. If the situation is apparent 
enough, however, you may distinguish 
the clear colorless glass from the color of 
the light reaching your eyes. You see this 
even though the situation is obscure. But 
in order that anything be “seen” in the 
ordinary sense of the word, it must tie in 
with an experience in some way. 

Once you do see a particular property 
of an object, however, you then proceed 
to make a fairly obvious but usually un- 



COMP ARISON of shoes shows that 
one is size 52. Cube was thus judged 
by experience rather than by reality. 

conscious assumption about it. You as- 
sume that, m the absence oi other indi- 
cations, these pioperties hold over the 
whole of the object. If they do not, you 
may get lather badly fooled, but in 
everyday experience it is a fairly safe 
assumption. 

One of the most remarkable abilities 
the mind possesses is that of seeing two 
colors at the same place simultaneously. 
The image of a led traffic light, for ex- 
ample, may be seen reflected horn a 
glossy blue surface m such a way that 
the patch appears both red and blue at 
the same time. There has been much 
controversy over this phenomenon from 
the time of Hermann von Helmholtz. 
Thiee possible explanations have been 
proposed. You may see simply the mix- 
ture of the two colors according to the 
simple laws followed by color. This is 
the lesult which would be piedicted by 
the psychophysical approach. Or you 
may actually see both colors simultane- 
ously and separately. This is the result 
suggested by the work of some psycholo- 
gists. Or you may just imagine that one 
color continues across under the other 
without looking at the color at all. This 
was Helmholtz’ suggestion; lie called it 
“unconscious inference.” There are ex- 
amples which appear to support each of 
the thiee cases. Reflections are of almost 
constant occurrence in the world around 
us. It is their very familiarity which is 
probably the key to the whole matter. 
We are so accustomed to seeing the 
phenomenon and knowing the facts it 
presents that we have simply learned to 
recognize the ti*ue meaning. 

“The eye is blind to what the mind 
does not see.” This old Arabian proverb 
could have been written by any modern 
worker in tire field of vision. Seeing is 
not simply a matter of the physics of the 
light reaching the eye, nor of the proper- 
~ties of the eye which it strikes. It depends 
on the mind and the experiences that 
have shaped it. 


Ralph M. Evans is head of the 
Color Control Department of 
the Eastman Kodak Company . 
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Another contribution to the rapidly growing- 
literature of mathematics and human behavior 



by J. L. Walsh 


Human Behavior and the Principle 
of Least Effort: An Introduction 
to Human Ecology, by George 
Kingsley Zipf. Acldison-Wesley Press 
($6.50). 

T HERE has been a striking increase 
recently in the attention devoted to 
the mathematical study of human 
behavior. We have, for instance, out- 
standing woik by A. J. Lotka on popu- 
lation analysis, by John von Neumann 
and Oskar Morgenstern on the theory of 
games, by H, T. Davis on “economet- 
rics,” by John Q. Stewart on "social 
physics/' and by Norbert Wiener on 
“cybernetics.” These eflorts, in part sim- 
ply objective studies by inquiring minds, 
are also occasioned by the immediate 
and pressing need for practical decisions 
in social affairs. 

It would be rash to prophesy that a 
new science of human behavior will now 
evolve along the lines of the histoiy of 
mechanics, but it would be foolish to 
ignore the lessons of that history. We re- 
call the pattern of the evolution of me- 
chanics: Tycho Brahe (1546-1601), an 
astronomical observer of gieat skill, made 
numerous observations of the motions of 
the planets that were used by his pupil 
Keplei (1571-1630) to formulate the 
fundamental laws governing those mo- 
tions, and Newton (1642-1727) in turn 
founded the science of mechanics to ex- 
plain those laws. Certainly it is reason- 
able to expect that laws in social science, 
subject to revision and obsolescence, may 
similarly be established. A skeptic who 
totally doubts this possibility will have 
few companions among open-minded, 
intelligent inquirers who have consid- 
ered modern writings. 

The mere organizing of numerical 
data in social relations is valuable work; 
only thus can norms be established and 
abnormalities recognized. To consider an 
analogy in medicine, fever in a human 
being is evidence of an unusual condi- 
tion, and is significant whether or not a 
complete diagnosis and an artificially in- 
duced cure are possible. In the present 
state of the social sciences, an investi- 
gator should not despise the use of mod- 
els, especially simplifications of and. ab- 
stractions from concrete situations. In the 
u mtitheniatical study of the motion of a 
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single planet we often ignore the effects 
of other planets, and in the study of the 
motions of the entire solar system we 
often ignore the effects ol other suns. 
The investigator should not fear the 
charge of “arguing by analogy,” Perhaps 
the truest of the worlds wisdom is em- 
bodied m parables— indeed, peihaps all 
wisdom consists m parables, including 
analogies and abstractions. 

George Kingsley Zipf, University lec- 
turer at Harvard University, started 
writing on the problems of social phe- 
nomena a quarter of a century ago, when 
it occurred to him as a philologist “that 
it might be fiuitful to investigate speech 
as a natural phenomenon, much as a 
physiologist may study the beating of 
the heart, or an entomologist the tro- 
pisms of an insect, or an ornithologist the 
nesting-habits of a bird. That is, speech 
was to lie regarded as a peculiar form of 
behavioi of a very unusual extant spe- 
cies; it was to be investigated, in the 
manner of the exact sciences, by the di- 
rect application of statistical principles 
to the objective speech-phenomena.” 
Since then Zipf has extended his studies 
into numerous other fields of social rela- 
tions. His book is a comprehensive treat- 
ment of the work done by himself and 
his students, and by other investigators 
in the same field. 

Zipf s thesis is that the activity of 
every individual will tend to be governed 
by a Principle of Least Effort, where ef- 
fort, or woik, is averaged over a period 
of time and based on an estimate of fu- 
ture probabilities by the individual. Zipf 
has gathered and analyzed huge amounts 
of statistical data hearing on this prin- 
ciple and on biosocial phenomena in 
general. He has shown that in a great 
diveisity of fields the principle unifies 
and explains the observed actions of in- 
dividuals and of groups. We shall con- 
sider here some examples from his dis- 
cussion. 

Zipf is at his best, and indeed without 
a peer, in the statistical study of lan- 
guage. Let us examine some results in his 
study of word frequency. In a sample 
of the writing of an individual, each 
different word will occur a certain num- 
ber of times; let us call this number 
the frequency, f, of that word. The fre- 
quency of each word is then given its 
relative rank, r. The rank of the most 
frequently used word is 1, of the next 2, 
and so on. The remarkable finding is that 
in any reasonably sized sample of an in- 
dividual's writing the product of the fre- 
quency and rank of any word— f times r— 


is always approximately constant, re- 
gardless of how the woid ranks. For ex- 
ample, Miles L, Hanley and his associates 
compiled a word index to James Joyce's 
novel Ulysses , and M. Joos made a statis- 
tical study of these words. The novel, 
260,430 words long, has 29,899 different 
words. The 10th most frequent word oc- 
curs 2,653 times. Multiplying r (10) by 
f (2,653), we get 26,530. The 50th most 
frequent word occuis 556 times. Here i 
times f equals 27,800. The 100th most 
frequent woid occurs 265 times, and r X 
f — 26,500. The 1,000th most frequent 
word occurs 26 times; r X t — 26,000. 
When the frequency and lank of each 
word in Ulysses aie plotted on a coor- 
dinate graph, with the values of r laid off 
horizontally and the coi responding 
values of 1 vertically, the result is the 
curve A in the top chart on the opposite 
page. The scales of both r and f are made 
logarithmic, so that this curve can be 
readily compared with the ideal curve C. 
The latter is a straight line sloping down- 
ward to the right at an angle of 45 de- 
grees to the horizontal, that is to say, is 
a straight line with a slope of minus one, 
which repiesents the equation r X 
constant. The agreement of the empiric 
curve A with an ideal curve of type C is 
too close to overlook or ignoic, 

This law of word frequency goes back 
at least to the work of a Frenchman 
named J. B. Estoup in 1916. The law is 
so surprising that many have questioned 
it. Indeed, the data from Ulysses plotted 
as curve A were compiled by skeptics 
who originally had expected to show that 
the law did not hold! Zipf, who has long 
investigated the law, adduces other evi- 
dence to support it in his book. For in- 
stance, cui ve B m the same chart on the 
opposite page is based on a study by 
R. C. Eldridge of word frequencies in 
U.S. newspapeis. His combined samples 
had 6,002 different words in a total of 
43,989 running words. Here again the 
closeness of the empiric curve B to the 
ideal curve C is striking. The same results 
appear in the analysis of numerous othei 
samples of language: in Chinese, Gothic, 
/Elfncs Old English, Old High German, 
Pennsylvania Dutch, Yiddish, modern 
Hebrew, Norwegian, several dialects of 
American Indian, and numerous English 
writings, including Beowulf , Shake- 
speare's Hamlet and T. S. Eliot's poetry. 

The cumulative weight of this mass of 
evidence is convincing. There are di- 
vergences from the ideal that require 
some explanation. Thus the noticeable 
steps at the bottom of curves A and B 




me occasioned by the tact that frequency 
f and rank r are necessarily whole num- 
bers, a large number of words occur just 
once, and a huge numbei just twice. 
Other related questions suggest them- 
selves. What is the optimum size of a 
sample? Should “house” and “houses” be 
consideied the same word or as differ- 
ent woids? Should “brothei -in-law” be 
counted as one word or three? How does 
the length of a word compare with its 
fiequency? How do formal and mfoimal 
wntmgs differ? Does a child’s language 
exhibit the same law as an adults? What 
is the characteristic woid-distnbution of 
a schizophrenic? Zipf discusses these 
questions with insight, and explains the 
departure of some curves from the norm 

As a model to aid in discussing the 
lank-frequency law and the Principle of 
Least Effort, Dr. Zipf considers an artisan 
at his workbench, with a vanety of tools 
ananged m succession on a straight rack 
extending dneclly away fiom him. The 
aitisan must perform certain assigned 
jobs, fabucatmg a large numbei of ar- 
ticles with the tools and raw materials 
placed at his disposal. He is at liberty to 
modify his tools by altering their size, 
shape, stowage and usage, and also by 
discarding old tools and manufactuiing 
new ones. We require him, howcvei, to 
minimize his total woik (this is the least- 
effort principle), and this work includes 
planning, use ol tools and modification 
of tools. 

If we disregard the work of applying 
each tool to the raw matcual, winch can 
be consideied constant, the problem le- 
duces itself to the movement oi the tools 
from their places on the rack, and any 
modifications of tools that seem to the 
artisan desirable. The work of moving 
each tool is proportional to its mass m, 
its distance d from the artisan, and the 
relative frequency f with which it is 
used. Thus the work of using a single 
tool is equal or pioportional to the prod- 
uct f X m X d, and the total woik is the 
sum, W, of all the products. The artisan s 
problem is to minimize W, that is, to 
make the most economical arrangement 
and use of the tools. 

Certain pi maples at once suggest 
themselves. The artisan will pack the 
tools as close together on the rack as he 
can, in order to minimize the distance d 
for any individual tool and for all tools 
beyond it. Close packing involves a le- 
duction of the size of tools, especially of 
those near the artisan. Pic also tends to 
i educe the mass of each tool, to decrease 
the factor m, This “abbieviation” be- 
comes especially important for a lie- 
quently used tool. Of course the most 
fiequently used tools tend to become 
small, and the smaller tools tend to be 
those most frequently used. It is eco- 
nomical to redesign a small, frequently 
used tool so that it may absorb the jobs 
of heavier and less-used tools. 

Now an artisan’s use of tools is closely 
analogous to a writer’s or speaker’s use 



STATISTICS OF LANGUAGE reveals a remarkable order in word fre- 
quency. Here the rank-frequency relation of words in Joyce's Ulysses (A) 
and in newspaper articles (B) is compared with theoietical curve iCj. 



MATHEMATICAL REGULARITY is also shown in this comparison be- 
tween Ulysses and Homer’s IliacL Number of words used with various fre- 
quencies is plotted. The relation is consistently the same for both works. 
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CHAMBER-MUSIC VOGUE is plotted mathematically here. Between 1510 
and 1870 the number of chamber-music composers increased exponentially. 
Sharp drop after 1870 may be due to decline in popularity of this music. 
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ol words. To a lemaikable degicc the 
laws foi the mtisan are objectively von- 
fiable for the water and spcakei . Tims 
long words tend to become abbi eviated 
oi leplaced, and shoitei woids tend to 
be used more often. The psychologist 
E. L. Thorndike has obseived that '“we 
have found evidence that differences m 
frequency, even among woids occurring 
less than two times in a million, aie le- 
lated to differences in number ol sylla- 
bles or of phonemes.” Woids, especially 
the shortei and more Irequent ones, aie 
often used m permutations with specific 
otheis. In the dynamic pioblem whcie 
words may change, there aie in constant 
operation ioices tending to design and 
introduce new words, to modify and give 
new uses to old ones, and to discaid 
seldom-used woids In a 1 datively static 
situation, these Ioices aie m approximate 
equilibrium. 

Thus while we have no syllogistic 
proof of the Principle of Least Effort, we 
do have a verification of the principle in 
the dnect numencal study of language, 
m the fact that paiallel laws concerning 
tools for the artisan and woids for the 
speakei and wiitei can be rationally es- 
tablished from the principle. 

The scope of the authors plan is so 
extensive that we can but mention some 
of the olhei topics he heats. In addition 
to Lhe language of adults, he considers 
empirically and rationally the verbaliza- 
tions of children, the origin of speech, 
the economy of sensation, intellectual 
rigidity, the biosocial aspect of organ- 
isms, procreation, culture, schizophrenia, 
dreams and art. He then proceeds from 
the study of the individual in society to 
the study of the social activity of groups, 
with reference to such diverse topics as 
the economy of geography, including the 
lank-size of cities, the rank-number of 
manufacturing establishments and shops, 
the movement of bus, railway and airway 
passengers, and the number of telephone 
messages, international and intrana- 
tional cooperation and conflict; distribu- 
tion of economic power and social 
status; prestige symbols and cultural 
vogues. The tool analogy continues to be 
illuminating throughout, and the rank- 
frequency law illustrated in the chart at 
the top of page 57 occurs again and 
again. 

In a complicated and confusing wil- 
derness Dr. Zipf has hewed paths, and 
indicated numei ous others, of interest to 
the inf 01 me d layman and of great sig- 
nificance to the present and future spe- 
cialist. In a sense, this work so far serves 
mainly to suggest further unsolved prob- 
lems. What, for example, is the scope of 
the Principle of Least Effort, and how 
should it be precisely formulated in di- 
verse fields? How is mental effort to be 
measured, and what is the conversion 
factor with physical effort? In the tool 
analogy and in language, the system ap- 
parently, tends dynamically toward a 
static condition exemplified in the curve 


loi the 1 ank-li e qucii cy distribution foi 
woids This distribution is rationally 
demonsti ated in qualitative 1 teims, but 
not quantitatively. Why, for instance, is 
the distribution lmeai, and why is the 
slope minus one? Opportunity is upe lot 
new Tycho Brahes, Kepleis and New- 
tons 1 


J L Walsh , Pcikins Professor 
of Mathematics at Harvard Uni- 
versity , is piesidcnt of the 
American Mathematical Society 

T he Bismvrgk Episode, by Captain 
Russell Gienlcll The Macmillan 
Company ( $3.00) . An absorbing account 
ol what was perhaps the most exciting 
and difficult chase m modem naval his- 
tory. Only Nelson's pui suit of Villeneuvc 
to and fiom the West Indies m 1805 
covered greatei distances than the 3,000- 
milc tracking of the Bismarck by the ill- 



fated Hood , Prince of Wales , King 
Geoigc V, Rodney , Ark Royal, Victori- 
ous, Norfolk , Suffolk, shoals of lesser 
naval craft, and various aircraft. Even 
Admiralty headquarters, moored quite 
fast in London, joined in the chase (not 
always to advantage), freely dispensing 
the conjectures oi its plannets and co- 
ordinating scattered activities by wnc- 
less. The final kill came almost as an 
anticlimax to the diamatic hunt in which 
every available scientific resource, and 
every human resource of biavciy, en- 
durance, seamanship and shrewd guess- 
woik combined to conveit what s Lai ted 
out as a disastrous defeat mto a brilliant 
victory. Captain Grenfell's clear style is 
just light for this superb story and for 
imparting easily all of its complicated 
scientific and nautical detail. 

F light into History. The Wiugiit 
Brothers and the Am Age, by Els- 
beth E. Freudenthal. University of Okla- 
homa Piess ($3.75) . The chief virtue of 
Miss Freudenthal's account is its separa- 
tion of facts from the nostalgia-laden 
myths surrounding one of the greatest 
advances in aviation history. A number 
of points regarding the Wright brothers' 
achievements are now firmly established. 
Their 12-second Kitty Hawk flight of 


Decembei 17, 1903, was the fust con- 
trolled flight evci made, Wilburns iccoid 
on the same clay ol a 59 second flight 
covering 852 loot was not equalled for 
yeais, though most ol the world received 
the news with skepticism ll not lulaiious 
incredulity, the Fiench chaiacteiizmg it 
as “un bluff Ameiicam phenomenal,” lor 
the actual construction of then beautiful 
plane and engine the Wiight In otheis 
were alone responsible, they weie caic- 
ful and ongmal expenmcnteis (their 
wind-tunnel experiments and tables 
were first-i ate examples of scientific 
work), skilled technicians and superb 
pilots. It is, howevei, by no means 
clear that they appi ecialod, much less 
acknowledged, the contribution to aeio- 
nautical science and to then own success 
of then con temporal ics, including then 
geneious luend and supportei Octave 
Chanute. Noi did they seem to lealizo 
that the wing- wai ping conti ol system 
from which they cleaved then wealth 
was so closely linked to, and so much the 
development of, the leseaiches ol oilier 
investigators that it was absurd foi the 
Wiighls, except as contenders loi 
patents, to claim absolute priority lor the 
theory and methods involved. In this 
phase of the history ol science there is 
surely enough credit to go around, 
though the Wiighls got the more tangi- 
ble towards. Unfortunately, as Clumuto 
wrote them in 1910 when their claims 
wcie m controversy, they permilloci 
their “usually sound judgment ... | to 
he | warped by the desire lor great 
wealth ” Fiom Miss Freudenlhars bal- 
anced account ol then aviation exploits 
and business dealings, the Wright hi oth- 
ers personally emerge as a faceless, enig- 
matic pan, and hei book suffers generally 
fiom a lack of life-giving detail regard- 
ing what must have been a most colorful 
train of episodes. 

R egular Polytopes, by II. S. M. 

Coxetei. S. }. Reginald Saunders 
and Company, Ltd ($3.50). The early 
history ol the polyheclra— geometrical 
figures bounded by portions of planes— 
is “lost in the shadows ol antiquity.” The 
lam ons five regular solids, three ol 
which, togethei with other polyheclni, 
occur m nature as crystals, weic studied 
by the Pythagoreans, by Plato, and, 
more exhaustively, by Euclid. Excava- 
tions on Monte Loffa, near Padua, have 
uncovered an Etruscan dodecahedron, 
showing that this figure “was enjoyed as 
a toy at least 2,500 years ago.” A law of 
symmetry related to Hauy's crystallo- 
graphic “Law of Relativity” asserts the 
impossibility of the “inanimate occur- 
rence of any pentagonal figure, such as 
the regular dodecahedron”: Thus while 
the tetrahedron, cube and octahedron 
are found as ciystals, the dodecahedron 
and icosahedron cannot form crystals 
but need “the spark of life to occur 
naturally.” Professor Coxeter of Toronto 
University, known for his revision of 
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Ball’s Mathematical Recreations and 
Essays and for his papers on geomctiy, 
has assembled a treasure house ot 
information on the two-, three- and loui- 
drmensional polytopes In addition to 
examining thoroughly, with the use ot 
both elemental y and advanced methods, 
the properties of ordinary and multi- 
dimensional figures, Coxeter hasennehed 
this volume by interesting innovations 
of his own, numerous cuts and plates, 
historical summanes, tables and a useful 
bibliography. Of the last-named Coxeter 
icmaiks that the listing of the names of 
30 German mathematicians, 27 British, 
12 American, 11 French, 7 Dutch, 8 
Swiss, 4 Italian, 2 Austrian, 2 Hungarian, 
2 Polish, 2 Russian, 1 Norwegian, 1 Dan- 
ish and 1 Belgian, “piovidcs an instance 
of the essential unity of om Western civi- 
lization, and the consequent absuulity of 
international stole.” 

I deals and Illusions, by L. Susan 
■ Stebbmg, Thinkers Libnuy, Watts & 
Company, London (3 shillings six- 
pence). Friars Lantern, by G. G. 
Coulton Thinkers Library, Watts & 
Company, London (3 shillings six- 
pence). Not the least welcome sign of 
economic lecoveiy m Britain is the in- 
ciease in paper supply, with eono- 
spondingly more geneious allotments to 
publishers ioi new books and loi the re- 
printing of many older books, long 
unavailable but still in demand. These 
inexpensive, compact little volumes, well 
bound and clearly printed, are in the 
Thinkeis Library, an admirable series 
now bemg^replenished, with new titles 
added. Susan Stebbmg’s essay, a con- 
structive critique of the ideas, ideals and 
illusions men live by, written in 1941 
against the dark background of the war, 
compares favorably with all that came 
from her devastating, lucid pen, from 
her uncompromisingly honest and per- 
spicuous mind. (“In discussion with her,” 
said John Wisdom, “one could not expect 
to sit about in wtum air— a stiffish breeze 
was usually blowing.”) The late G. G. 
Coulton s fable of two modern pilgrims 
transported, like the Connecticut Yan- 
kee, mto the Middle Ages, is an odd but 
pleasant and richly learned diversion, 
by one of the most distinguished and also 
one of the crotchetiest scholais of our 
period. 

F oundations of Modern Physics, by 
Thomas B. Brown. John Wiley & Sons 
($5.00). A good descriptive account of 
the expeiimental foundation of a wide 
range of topics underlying the modem 
knowledge of atoms, molecules and 
nuclei. It uses a minimum of mathe- 
matics and would be suitable for a junior 
or senior undergraduate college course. 
Very little space is devoted to the revo- 
lutionary ideas of relativity and quan- 
tum mechanics, except where these are 
directly involved in some experimental 
subject under discussion. 



MESSAGE YOU’VE 
EVER READ! 

S UPPOSE someone pointed a finger at you right this minute and 
1 said: '‘You need an X-ray!” Chances are you’d think there 
was some mistake. After all you feel pretty well. Why on earth 
should yon need an X-ray? 

Yet, an X-ray can mean a longer life, and a happier life, for 
you or for your loved ones. 

Your chest, very likely, is in perfect condition. If so, you’ll 
feel wonderful, knowing that you have no slightest sign of tuber- 
culosis. You’ll be glad to know that you are not endangering the 
health of other members of your family. 

But if your chest is not in perfect condition, you’ll want to 
add years to your life by having this information — now. You’ll 
benefit by early diagnosis — in time for steps to be taken in arrest- 
ing or curing this disease. 

You owe it to yourself and to your family to have your chest 
checked. Don’t pass up this opportunity. Make a date to have your 
chest X-rayed, 


Check your Chests* 


Get an X-ray Today! 



See Your Doctor, Tuberculosis 
Association or Health 
Department 
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Conducted by Albert G. Ingalls 

T elescopic obseivatxon of the 

moon by amateur astionomers can 
be pursued at two levels. In the 
first, the novice examines the moon 
thiough the telescope he has ]ust com- 
pleted. He is thrilled by the splendor of 
his hi st magnified view of it, and aston- 
ished at the almost infinite variety of fine 
detail he increasingly discerns as he 
pores again and again over the brilliant 
image. Tiuly the moon is, as the astrono- 
mer Henry Norris Russell has said, “the 
finest of all telescopic objects.” 

Within a few weeks the new observer 
can identify the principal “seas” and 
mountain ranges of the moon. But then, 
after following it through one 01 two 
lunations, he may think the show is over 
and stop, haiclly realizing how much fur- 
ther he could go. Some amateurs, how- 
ever, continue observing the moon and 
studying its map. These enthusiasts soon 
enter the realm of the selenoguiphcr, to 
commune with a limited but world-wide 
circle of inveterate obsciveis. 

At this stage, amateur stenographers 
seek a detailed map of the moon, but 
find that Walter Goodacie’s famous 
map of the moon is no longei available. 
Luckily theie is another great map of the 


moon even huger than GoodacicV the 
Wilkins map, drawn 25 feet m diameter 
by Ii. P. Wilkins, the director of the 
Lunai Section of the Bntish Astronomi- 
cal Association. It is 1 educed foi repro- 
duction to a diameter of 100 inches and 
is cut into 25 convenient sections 20 by 
21 inches each. The Wilkins map is ob- 
tainable hom its author at 127 Eveisley 
Road, Barnehuist, Kent, England, post- 
paid anywheie for two pounds s toiling, 
approximately $8. The 25 sheets consti- 
tute the most detailed map of the moon 
ever drawn. 

The accompanying illustrations are 
full-size samples of one sheet of the Wil- 
kins map. The largei represents 1/4400 
of the cnliie lunar aiea, all of which is 
drawn on the same faithfully detailed, 
accurate scale. This area includes the 
25-mile cralci named Poitcr; the name 
was recently inked in by Mr. Wilkins as 
a lasting memorial to the late Russell W. 
Portei. The fine detail depicted on the 
map is exemplified in the smaller sample 
by the little circle above the tenninal 
“o” in the word Tycho. This circle rep- 
resents a lunai hillock only a little move 
than a mile in diameter; the liniei circle 
Lo the right of the “o” is therefore less 
than ball a mile in diameter. A single dot 
might represent a feature the size of the 
Capitol at Washington, which would be 
about the limit of visibility in any tele- 
scope. 

Represented on the Wilkins map, in 
addition to all the major features, are 


an unnumbeied host of eiateilets, ciater 
pits, ciater cones, clefts, ndges, light 
streaks (dotted lines), and a few spots 
designated as variable areas. These 
alleged vanable aicas aic kept under 
observation, mainly by amateur astrono- 
mcis, because they seem to some to un- 
ci ei go change. 

Is the moon a totally dead world? This 
is an open question of long standing 
among astumomcis. Apparent minor 
changes m the formations Aristarchus, 
Atlas, Eratosthenes, Keplei, Lmne, 
Manilius, Pico, Plato, Theophilus, Tycho 
and a score more may oi may not be 
real. In 1926, at the end of a discussion 
of this question, Russell, R. S. Dugan 
and John Q. Stewart staled in their text- 
book, Astronomy , that the consensus was 
that no real changes have been detected 
on the moon. In saying this, however, 
they do not dogmatize. They add that 
the disputed question is difficult lo settle. 

In a 76-page booklet entitled Docs 
Anything Ever Happen on the Moon ? , 
devoted wholly lo this fascinating ques- 
tion, the planetary astronomer Wallet H. 
Haas of Albuquerque, N.M., has pointed 
out that tire moon has been gi cully neg- 
lected by professional astionomers. One 
observer who saw changes on it had 
made far more extensive studies of the 
moon than had his professional critics. 
The booklet by Haas, a seiiqs of articles 
reprinted from The Journal of the Royal 
Astronomical Society of Canada , brings 
together widely scattered material on the 









study ol lunar changes. Theie aie sev- 
eral types of changes: permanent, ii regu- 
lar, periodic, and color changes 

is the daikening of some small spots 
in the crater Alphonsus, seen at each 
29/2-day lunation, due to vegetation, as 
W. H. Pickeimg believed? Aie the 
changes m the ciater Ei atosthenes, to 
whose description Pickering devoted 
seveial articles in Popular Astronomy 30 
years ago, real? What of the crater 
Linne, whose tiny white aiea appears to 
change in size, and what of Plato, where 
new craterlets seem to have appealed, 
and wheie mists weie seen by Haas? In 
Tycho, Haas claims to have seen a cu- 
rious, milky-lookmg luminosity on the 
east outer wall, stiongly suggesting the 
existence ot a lunai atmosphere. Some of 
these changes have been discussed m the 
periodical Haas edits. The Strolling As- 
tronomer 

To paiticipalc m the observation ot 
fine detail on the moon and not mciely 
gaze at it, the amateui needs a telescope 
of six-inch aperture or larger, a minutely 
detailed map, and peisistent etfoit. He 
soon learns to recognize many ol the 
small details and comes to think ol some 
of them almost as his own possessions. 

The Wilkins map, now in a second, 
levised edition, was compiled Irom three 
sources: photographs taken with the 
100-inch telescope, diawmgs by eminent 
lunar observers, and its aulhoTs observa- 
tions aL the eyepiece Since 1 909 Wilkins 
has observed the moon with telescopes 
of various apertures, chiefiy with a 1 2&- 
mch i effector. Goodacre has pointed out 
that the details which can be ol) lamed on 
photogiaphs with the 100-mch telescope 
baiely tax the powers of an amateur-size 
instrument of about that apertme, in bis 
own case a 10-inch leiractoi. 

A NEW BOOK, Engineering Optics , 
by K. J. Habcll and Arthur Cox, both 
formerly employed by the Butish optical 
firm of Taylor, Taylor and Hobson, Ltd., 
has just been published by the Pitman 
Publishing Corpoiation, New York, N.Y. 
It deals with the principles of optical 
methods in engineering measurement. 
The opening two chapters give the theo- 
retical background for understanding the 
subsequent chapters on light and illumi- 
nation m optical instruments, on micio- 
scopes, telescopes, optical projection and 
profile microscopes, and on miscellane- 
ous optical methods. In all these the em- 
phasis is on practical applications, for 
example in the contour projector, the 
profile microscope, the alignment testci . 
At $7.50 its addition to the amateur's 
libraiy is well justified if his interest is 
mainly practical. 

P LEASURE in the successful attain- 
ment of a high degree of precision is 
believed by some to be the force that 
keeps the amateur telescope maker going 
back to his optical work when he should 
be using the telescope he has just made. 


if this really is the undei lying motiva- 
tion, it would explain the fact that the 
lover of pieclsion optics is usually a lover 
ot any kind of piecision work. 

The most exacting and difficult of all 
high-piccision woik is thought by many 
to be tlie construction of a ruling engine, 
and with it the actual ruling of diffrac- 
tion gratings, especially those of the 
larger sizes. For some months past theie 
has been an unprecedented ferment m 
the small and veiy limited world of the 
l uling engine. Whereas all the world’s 
demand for difh action giatmgs has until 
iccently been satisfied by two or thiec 
makers, that demand has increased so 
lapidly since waitimc that several lab- 
01 atones are now hard at woik building 
new 1 tiling engines lor making more 
gialings. The chief cause of the greatly 
increased demand is the widening “dis- 
covery” by mdustiy that spectrogiapluc 
analysis is moie rapid than chemical 
analysis, and that gutting spectiogiaphs 
have greater advantages than pnsm 
spectrographs; also, 111 the icalm ot phys- 
ical science, the need tor large giatmgs 
having high resolving power foi use 111 
basic research. 

In a monumental ailielc on “The P10- 
duetion of Diffraction Gratings,” pub- 
lished in the June number of the Journal 
of the Optical Society of America , 
George R. Harrison, Dean of Science at 
tlie Massachusetts Institute of Technolo- 
gy and editor of that journal, discusses 
the piesent status of grating ruling. 

Two-inch gratings, such as are used in 
many spectrographs of the indusliiul 
type for chemical analysis, can he pro- 
duced almost on demand by any of a 
number of engines now in operation. 

Four-inch gratings can he produced 
by ruling engines at Johns Hopkms Uni- 
versity, at the Mount Wilson Observato- 
ry, by M. Sicgbahn in Sweden, and by 
Band Associates m Cambudge, Mass. 
The Rausch and Lomb Optical Company 
of Rochester, N.Y., and the }arrell-Ash 
Company of Boston, Mass. ? also are ex- 
pected to operate within a yeai on grat- 
ings of this size. 

Six-inch gratings can he produced at 
Johns Hopkins University fairly regularly 
and at the Mount Wilson Observatory 
occasionally, with Siegbahn, and Bausch 
and Lomb, probably coming in soon as 
sources, and peihaps Baird Associates 
and the Jan ell- Ash Company. 

Eight-inch gratings are not at piesent 
available anywhere on eaith. There is 
some hope of their production by Sieg- 
bahn, possibly by Bausch and Lomb, by 
Johns Hopkins University and M.LT. 
Gratings ot this large size are needed for 
research in pure science, but very little 
if at all in industry. It is on this size that 
the rivalry Lo get into production first is 
greatest. It is hoped by the more opti- 
mistic that 1949 will see the actual be- 
ginning of ruling by several large en- 
gines, some of them newly designed on 
principles that depart from the conven- 


X-Ray Tube 

Coolidge type, 7" diam- 
eter across the sphere. 
G. E and other makes. 
$25.00 

Space Discharge type. 
Roentgen bufb 6" across. 
Used, in good condition. 
$1 5.00 



PRISM 


In mounting of alumi- 
num-magnesium al- 
loy. Meets most ex- 
acting requirements, 
I " by I" face. Suit- 
able as diagonal for 
reflectors, also as 
star diagonal on re- 
fractors. $3.00 




VARIABLE 
DENSITY FILTER 

Genuine Polaroid va- 
riable density device. 
2 7 /b /i diameter. Com- 
plete new stock. 

Postpaid $2.35 


PENCIL-SIZE 

MICROSCOPE 


F| Clip it on to your pocket and you'll be 
fj proud to own this amazingly powerful 
1 PENCIL-SIZE MICROSCOPE Ideal for 
r people in all walks of life. Whether you're 
an engineer or [ust a hobbyist you'll mar- 
vel at the way objects appear under 
this wonderful microscope. Holds un- 
|| limited fascination for young and old. 
Jj Replaces costly instruments. Magnifies 
20 X Instant focus. Excellent wide field. 
Aluminum body beautifully finished. Hun- 
dreds of uses. Makes handy inspection 
instrument. See for yourself. Order today. 
Used by: Engineers, Engravers, Scientists, 
Students, Hobbyists, Bankers, Inspectors, etc. 

price $2.50 


P0RR0 PRISM 

Porro prisms can be used 
on binoculars. 

6 x 30 each 50c 

7 x 50 each 50c 




POLAROID 


Genuine Polaioid 
mounled in opti- 
cal glass. 3" (72 
mm ) discs £ier- 
foot foi every use 
in photography, 
pl13si.es, potiolo- 
gy, c’hemlsUy, astronomy, mineralogy, $1 25 
each or 2 for $2.00 postmud Also 1" (25 mm ) 
dLamoter $.60 each or 2 foi $1.00. 


Include Postage — Remit with Order 


Send 50c for Up-to-mmute Catalog 

HARRY ROSS 

MICROSCOPES — TELESCOPES 
Scientific and Laboratory Apparatus 
70 West Broadway, New York 7, N. Y. 



MAKE YOUR OWN 
HIGH POWERED 

REFLECTING 

TELESCOPE 


FOR ASTRONOMICAL AND TERRESTRI- 
AL OBSERVATION. INCLUDES 4" DIA. 
ALUMINIZED MIRROR. COMPLETELY 
FINISHED OPTICS-1 25 POWER $6.50 

The optics ore completely finished and 
ready to mount in a tube. The tube may be 
metal, plastic, or even cardboard. The 
telescope can be completed in one evening 
of easy work and will provide a source of 
never ending pleasure. With it can be seen 
the rings of Saturn, Moons of Jupiter, 
Phases of Venus, hundreds of mountains and 
craters on the moon, etc. The 4«inch diam- 
eter mirror has been ground and polished 
from a thick plate of optical glass to extreme 
accuracy and then hard aluminized for high 
reflectivity and great durability. Also in- 
cluded are several eyepiece lenses giving 
magnifications of 25X, SOX, 75X, 100X, and 
1 25X, a standard VU inch diameter eye- 
piece, an optically flat mirror for erecting 
the image and viewing terrestrial objects, 
an eyepiece tube, an optically flat alumin- 
ized diagonal, and instructions, all for only 
$6.50. 

We pay the postage. 

Dept. 8K, 24 West 45th St, Now York 19, N. Y. 


40 POWER 


TELESCOPE 

Coated Lenses 


40X— FINE for Astronomy 

30X— SUPERB for Long Distances 

20X— EXCELLENT Spotting Scope 

10X— WONDERFUL for Close Study 

Pt elision Anion win Made Vaihible Pnwi'i Telr stope 
(not war suiplusi IOUH TKI.KSCOPGK in One 
l OX, i20X, JOX, and 40V, M.ienobluiu-liuoi ido 
Hard Coated Lonsof, Achromatic Ohloctive Ions 
21 s" ilia Length closed OlV', open 

27 Aluminum and brass consli action through- 
out Genumo lenlhei covering Weight $42.50 

ACHROMATIC TELESCOPE OBJECTIVES— Perfect, 
Magnesium, Plum Me Coated and eemenh d Gov i 
Surplus lenses made of finest Citmn mid I 1 tint 
optical glass. They are fully collected and have 
tremendous resolving ikjwoi Guaranteed well 
faulted foi Ash nno-mlc.nl TeleseopOHi Spotting 
Scopes, etc. Oi Iginnl Gov't coat approximately 
&100.00 each 

Focal Length 
lillO m/m (Uli VS') 
dSlni/m {la") 


Diameter 
56m/m (2iV / ) 
7(im/ra (3") 
Slm/m Chi'') 
83 m/m (IM-") 
S3m/m (3%") 


Kaeli 

$12.50 

$19.00 

522.50 

$28.00 

$30.00 


G22ni/m (2 I 
87 fim/ m LMVa") 

1616m/m U0") 

8 POWER FEATHERWEIGHT BINOCULARS 
Small, compact fH \ 2,’S French, not tuifilus) AH 
around sport glass ; use for Hares, Hunting, Bird 
Shuiv, etc Complete lutfo Carrying Cast--,,,. , e 
anti Straps* $68.00 Value jjiZt./d 

*plus $5 95 Excise tax — Total $35 70 
7x50 BINOCULARS— Brand new complete with 
carrying case and straps Made m Omipicd Japan 
Satisfaction guaranteed, CotnparatUe American 
Binoculars are priced at $IR8 00 plus 
tav 

’'plus $8 50 Excise tax — Total $51.00 
7X50 BINOCULARS \ulh coated Lemes 

and Prisms 

*ptus $10.50 Excise tax — Total $63 00 
27 POWER SPOTTING SCOPE LENS SET. 
ConsislK of Big HOm/m (2^") DIfl Coated Ob- 
jective Lens, 2 PrLros, Eyepiece Lenses, Instruc- 
tions, All optics cemented and Per- 
feet or near Perfect . .. Set IplO./o 

LENS CLEANING TISSUE— Heie is a Wonderful 
Gov’t Surplus Buy of Perfect Papei Which was 
made to the Highest Gov't Standards and speci- 
fications. 500 sheets, 
stae Tya* x u.",,,. ... ... „„ , 


$42.50 

$52.50 


♦ 

4 

* 

♦ 

♦ 


.$ 1.00 


Send stamp tor “Bargain” list. 


A. 


WE PAY THE POSTAGE 

JAEGERS 93-OBA 95th Ave. 

I fAAVAna OZONE PARK 16. N. Y. 



tional engines of Rowland. - (These are 
still m operation at Johns Hoplans Uni- 
versity, and still produce virtually all the 
larger giatmgs made in this country.) 
Since grating ruling is beset by many 
problems, none of the luendly competi- 
tors m the grating race has issued a 
schedule of production. None has even 
promised to produce gratings. This is not 
evidence of faintheartedness, but of wis- 
dom bom of otheis’ expci lence. 

E YEPIECES made by Sir William 
Hcrschcl with tiny lenses only 1/45- 
inch in diameter, one third that ol a pin- 
head, that gave a magnification of 10,000 
diameteis on a six-inclr reflecting tele- 
scope, were described m this dcpai tment 
last August. One modern writer was 
quoted who wondered how a present- 
day optician would proceed if required 
to duplicate such extremely small lenses. 

It has been learned that several ycais 
ago H. E. Dali of Luton, England, suc- 
ceeded in slightly surpassing Heisclrel. 
The respective diameters are: Herschel 
.02 inch, Dali .016 inch. The foci aie: 
Herschel ,0111 inch, Dali .010 inch. 
Even when used alone, Dali’s lens gives 
a magnification of 1,000 diameters. 

T HOSE who make Cassegraiuian tele- 
scopes must first make a concave 
spheiical primary and alter it to a parab- 
oloid, and then make a convex spherical 
secondary minor to anothei ladius of 
curvature, and at still greatei pains alter 
it to a hyperboloid Some years ago 
Dali, and also Alan R. Kirkliam, de- 
cided that this method demanded much 
unnecessary work, and that it had been' 
practiced for two centuries only as a 
bad habit. So they left the convex mir- 
ror spherical and, by altering the con- 
cave mirror to an ellipsoid, obtained as 
good a telescope as the Cassegrainian. 
This “D all-Kir kham” telescope, some- 
times misnamed “the spherical secondary 
Cassegrainian/’ is now a firmly estab- 
lished time saver. 

The amateur designer James PI. Wyld 
of Denville, N. J., has now proposed a 


modification for which the name “wyld- 
alkiik” is suggested, icpiesentmg Wyld’s 
special case of the Dall-Kirkham tele- 
scope. “No one/’ he writes, “seems to 
have thought of the equal-radius Dali- 
Khkham. The advantage that I see m 
it is the reduction in the number ot grind- 
ing tools. The secondary, having a melius 
equal to that oi the primal y, would be 
used as a subdnimetci grinding tool for 
the pi unary, oi as one of the grinding 
tools, a laigei tool might also be used 
for smoothing. 

“The primary/’ lie continues, “would 
lie polished to a spheiical figure, then 
used, as suggested by James G. Baker, 
as a test plate to figure the spherical 
secondary. Finally it would lie figiued 
'flat’ (null) by the Dall-Knkliam test, 
with the light somce at the proper dis- 
tance to give the right concclion. Then 
the whole would be assembled and col- 
limated. 

“I’ve woikcd out the proper conec- 
tions, focal lengths and so on foi seveial 
different designs,” 

No way is known to make fascinating 
reading ol the bleak specifications that 
follow, except to telescope making en- 
thusiasts To them they will be as inter- 
esting as they are significant. 

In the table on the opposite page, 
unity is the radius of cuivature of the 
primary and, therefoie, of the secondary. 
AH other dimensions, keyed by letter 
designation to the diagram above (which 
is not to scale) , are multiples of that unit, 

“Column 1,” Wyld writes, “gives sepa- 
ration of primary and secondary mirrors 
along the axis. 

“Column 2 gives the distance of final 
focus from the socondaiy 

“Column 3 gives the effective focal 
length. 

“Column 4 gives the minimum ratio of 
secondary mirror diametei to primary 
mirror diameter. (Add to Do a conection 
equal to Sd/e./.L, where d is the diam- 
eter of the field lens of the largest eye- 
piece to be used; this correction is usu- 
ally approximately one half inch.) 

“Column 5 gives minimum value of 
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Testing the primary 


R/D 1 (ior an OSC coma limit ot .0025). 

“Columns 6 and 7 give positions of the 
source and knife-edge respectively when 
using the Kirkham dii eel-local test de- 
scribed in Amateur Telescope Making 

“Column 8 gives the primary collec- 
tion as a percentage ot usual parabolic 
collection (for use in zonal testing of 
primary) . 

“A sample design for a 1 6-inch wyldal- 
kiik follows: 

“Take R/D { as 10, to be on the safe 
side in regard to coma. 

“Take S as .34R, to avoid too large a 
value of Do. (Since l ' is less than S, a 
diagonal fiat must be used to divert the 
image to the side ol the lube, ) 

“R is 10 X 16, or 160, inches radius. 

“S is .34 X 160, or 54 A inches separa- 
tion. 

T is .2353 X 160, or 37.65 inches 
from the secondary. 

“Minimum diameter of secondary is 
.32 X 16, or 5,12 inches. 

“Correction to be added to this is 
,2353/.7353, or .32 inch per inch of eye- 
piece field-lens diameter. Taking the lat- 
ter as one inch, D 2 may be made 5X 
inches. 

“The total effective focal length is 
.7353X 160, or 117.6 inches. 

“The over-all focal ratio is 117.6/16, 
or/7,35, 

“The diagonal flat should be set for- 
ward of the secondary focal point by a 
little over half the tube diameter—say 10 
inches m the present example. This 


places its center about 27.7 inches back 
ol the secondaiy. The size of the flat is 
best determined by a graphical layout ot 
the rays, to scale. In the present case it 
will be about 2.3 by 3.3 inches, assuming 
a onc-inch eyepiece field lens 

“11 the Kirkham diicct local test is 
used to test the figuring of the ellipsoidal 
piimaiy, the pmliole or slit should be set 
6 378 X 160, or 1,020 inches (85Tcel). 
The knife-edge or Ronchi grating should 
he sol .5425 X 160, or 86.8 inches from 
the mirroi, or a corresponding ‘dog- 
leg ray path by way oi the diagonal flat 
used for diveiting the beam. If the pii- 
maiy is tcsLed by zonal tests at the center 
of curvature, the knife-edge motion be- 
tween center and marginal zones (for a 
fixed pinhole) is .71 X 8 2 /160, or .28 
inch. Similarly, the knife-edge motion for 
the 50 per cent zone is .71 X 4 2 /160, or 
.07 inch, and so on. 

“A 16-mch mirror could be ground to 
size using the 5&-inch secondary blank 
and a larger (10- or 12-inch) grinding 
and smoothing tool. These tools would 
be used alternately, to maintain good 
contact. 

“The primary and secondary must he 
polished on separate laps. The primary 
is brought to accurate spherical figure 
first. Then the secondaiy is tested against 
it by interference and brought to a 
sphere. Finally the primary is brought to 
an ellipsoidal figure by the Kiikham test 
or zonal testing.” 

Who will pioneer the first wyldalkirk? 
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8.30 

4.318 

.5655 

59 

.31 

.3064 

.8065 

.38 

8.45 

4.718 

.5593 

62 

.32 

.2812 

.7812 

.36 

8.59 

5.184 

.5534 

65 

.33 

.2576 

.7576 

.34 

8.72 

5.731 

.5478 

68 

.34 

.2353 

.7353 

.32 

8.84 

6.378 

.5425 

71 

.35 

.2143 

.7143 

.30 

8.97 

7.152 

.5376 

74 

.36 

.1944 

.6944 

.28 

9.10 

8.090 

.5329 

77 

.37 

.1757 

.6757 

.26 

9.23 

9.252 

.5286 
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, } For the first tjme an instrument capable of 
i serious astronomical research is available 
j ' for less than $200 00! The Saturn 3 Inch 

Portable Refractors are precision made by 

1 1 the West’s largest makers of observatory 

instruments; objective lenses are highest 
grade precision ground, achromatic f-I5 
crown and flint glass, all moving parts are 
precision machined 

Although the Saturn 3 Inch Refractor has 
i a 45 inch focal length, the instrument is 
: ’ easily portable, weighing less than thirty 
pounds, including tripod. 

Saturn 4 Inch Portable Refractors from 
| $345 00, larger instruments manufactured 

to order. 

Write for literature giving full information 
on the Saturn Refractors. 



2528 Grove Street 
Berkeley, California 



WAR SURPLUS BARGAINS 

ASSEMBLE YOUR OWN BINOCULARS 

Save More Than V% Regular Cost 

GOVT.'S 7 x 50 
BINOCULARS 

Complete Optics, com- 
plete Metal Parts. New 
and icadv fm assembly 
We supply full instruc- 
tions 

METAL PARTS— Set In- 

chides all Metal Fails— 

Lompietoly finished for 
JhNembly of 7 x so Bin- 
oculars No machining 
required A sturdy Bin- 
ocuiai Cm vying case is 
optional with each set 
of Metal Partis 
Stock #842-S— $39.40 
Postpaid, plus .$4 HO 
for Case— Total $44.20 
OPTICS— Sot includes all 
I.ensck and Pi isms you 

7 . x 30 Binomlai f» These are in oxocl- 
"£} 6 ®‘ ,n< UUnnpputieet or near-period— awl have new low 
reflection coating. 

Stock #5X02-5—7 x150 optics $25.00 Postpaid 

(These are standiud Amerltnn-made paith,. not Jap- 
anese, French or Geiman.) 

ti2 Tl . C « ‘ yo .H i?JW J boLh Binocular Optics and Binocular 
Metal Pails, add 20% Federal TCxclse Tax to above pi ices. 

Also Govt. 6 x 30 Binoculars. Write for Catalofl “S”. 
MOUNTED ANASTIGMAT LENSES 

. ,J? SC , J&E Brojectorfa, Enlarge! s, Copying Cameras Com- 
plete with Shuttei and Diaphragm. Value about $20. An 
£££&?& bliy v VV ?. WILL INCLUDE FREE ILLUSTRATED 
BOOKLET on HOW TO MAKE YOUR OWN ENLARGER. 
Stock #6004-5 Speed f/7,7, focal length approx 127 
mms Suitable foi pictuiet,, negatives, positives up to 

31 / 2 " x > 11 / 4 " $7.50 Postpaid 

Stock #8006-5 Speed of f/7 7, focal length approx, 
too mm*. Suitable f<n pictures, etc,, up to 2 x/ 4 " x 

UV 4 " • ... r , .. .$8.50 Postpaid 

Stock #8007-5 Speed of f/G.t), focal length approx 100 

nuns. .$9.50 Postpaid 

SIMPLE LENS KITS 1 — THE LENS CRAFTER'S DE- 
LIGHT 1 Fun foi adults! Fun for ehlldmi! Kiln include 
plainly wntten, illustrated booklet allowing how you can 
build lots of optical items. Use these lenses in photogiaplxy 
for copying, ULTRA CLOSE-UP SHOTS, Microphotography, 
for ''Dummy Camera”, Kodachromo Viewer, Detachable 
Regex View Finder for 03 mm cameras. Stereoscopic 
Viewer, ground glass and enlarging fotusJng aids, And 
for dozens of other uses in experimental optics, building 
TELESCOPES, low power Microscopes, etc. 

stock # 2 -S— 10 lenses. ... , , ,$1.00 Postpaid 

Stock #5-5—45 lenses . , $5.00 Postpaid 

Stock #XO-S— 80 lenses , $10.00 Postpaid 

We have Literally Millions of WAR SURPLUS LENSES 
AND PPJ5MS FOR SALE AT BARGAIN PRICES 
Wu.e for Catalog "S"— SENT FREE! 

EDMUND SALVAGE CO. 

P. O. AUDUBON, NEW JERSEY 
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I N France ... in Italy ... all over Europe and Asia . ♦ . there are 
people who need your help. Men, women, children who are poorly 
clothed and poorly fed. Hunger and disease arc widespread. The 
Marshall Plan is slowly rebuilding foreign economics. But recon- 
struction lakes lime. Thousands need your aid right now! 


Y OU can help through CARE (Cooperative for American 
Remittances to Europe, Inc.), a non-profit, government-ap- 
proved agency of 26 major American welfare groups. CARE assem- 
bles food and clothing textile packages, guarantees their delivery 
overseas, all at one flat fee — $10. Send CARE packages to relatives 
and friends. Send them to needy strangers — CARE’s member 
agencies will select someone you will he glad to help. 


C ARE has a new 2214-pound standard food package, recently 
improved to contain more meats, more fats, more sweets. Other 
Care packages are : British, Greek, Italian, Oriental, kosher food 
assortments; infant or baby food; baby layette; knitting wool; wool 
blankets; household linens; wool suiting, with the sewing acces- 
sories to turn it into warm clothes. Just mail your order — CARE 
docs the rest ! 



Deliveries to: 


New Food Package: 


Austria 

Belgium 

Czechoslovakia 

Finland 

France 

Germany (American, 
British, French, 
•zones, all Berlin') 
Greece 


Great Britain (England, 
Scotland, Wales, 
Northern Ireland ) 
Hungary 
Italy 
Japan 
Korea 

Netherlands 

Okinawa 

Boland 


1 lb 
llh 

% lb. 
% lb. 
Vz lb. 
% lb, 

2 lbs, 
I lb, 
1 lb, 
lib. 


Beef in Beef Broth 
Steak and Kidney 
Corned Beef Loaf 
Lher Loaf 
Bacon 
From 
Margarine 
Swift* ning 
Apricot Preserves 
Honey 


1 lb Raisins 

1 lb. Chocolate 

2 lbs. Sugar 

Vj lb. Egg powder 
2 lbs. Milk Powder 
' 2 lbs, Coffee 
2 lba. Flour 
2 lbs. Bicc 
12 oz Soap 


CARE • 50 Broad St., New York; 4, N. Y. 


MBLIOCKAPHI 

Readers interested in further reading 
on the subjects covered by articles in this 
issue may find the lists beloio helpful. 
The lists are not intended as bibliogra- 
phies of source material for the articles 
The references selected ivill provide sup- 
plementary information. 

THE PERSONALITY OF PEOPLES 
The People of Alor. Cora Du Bois. 
Univcisity of Minnesota Press, 1944. 

The Psychological Frontiers of 
Society. Abiam Kai diner and others. 
Columbia University Pi ess, 1945. 

The Cultural Background of Per- 
sonality Ralph Linton. D. Appleton- 
Cenlury, 1945. 

POTASSIUM 

Role of Potassium in Physiological 
Processes. W. O, Fcnn m Physiological 
Rcvietvs , Vol. 20, pages 377-415; July, 
1940. 

Exchange of Radioactive Potas- 
sium with Body Potassium. W. 0. 
Fenn, T. R. Noonan, L. J. Mullms and 
L. F. Haege m American Journal of 
Physiologic Vol. 135, pages 149-163; 
December 1941. 

HITTITE CITADEL 
A Bilingual Key to the Previously 
Undecipherable IIittite Hieroglyph- 
ic Inscriptions. H. T. Bosserl in The 
Illustrated London Neivs , page 664, 
May 14, 1949. 

THE ANTIBIOTICS 
Antibiotics. Encyclopedia of Chemi- 
cal Technology , Vol. 2. The Inter science 
Encyclopedia, Inc., 1948, 

LEARNING TO THINK 
The Nature of Learning Sets. H. F. 
Harlow in Psychological Review , Vol. 
56, No. 1, pages 51-65; 1949. 

The Mentality of Apes. W. Kohler. 
PI ar court, Brace & Co,, 1925. 

GALILEO 

Galileo: His Life and Work. John 
Joseph Falne. John Murray, 1903. 

Galileo and the Freedom of 
Thought. F. Sherwood Taylor. Watts & 
Co., 1938. 

RADIOACTIVITY AND TIME 
Radioactivity, the Earth's Heat 
and Geologic; Age Measurements, 
Robley D. Evans. Geological Society of 
America, Special Paper 36, pages 267- 
277; January 31, 1942. 

SEEING LIGPIT AND COLOR 
Sensation and Perception in the 
History of Experimental Psycholo- 
gy. Edwin G. Boring. D. Appleton- 
Century Co., Inc., 1942, 

An Introduction to Color. Ralph 
, M. Evans. John Wiley & Sons, 1948. 
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PROGRESS THROUGH CHEMISTRY 


progress = activity today „ 


, assurance for tomorrow 


This chart shows the progress of Davison 
duffing the past ten years,,, the straight 
line shows the trend. Working for — and 
with — industry land agriculture DavisQn 
ha| steadily increased its scope until 
today its products and processes enter 
int<j> every phaie of modem life, Davison 
production is geared to the needs of the / 
fim'es— while Ddvison research blazes the' 
trajl for the future — anticipating and meet- 
ing the needs of tomorrow. Ddvison research 
is gvailable for your planned future, j 
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1 4 Curtis Baj^ Maryland, Plarjt 
'2j Producer! of sulphuric acid! 


| 3; Supefphcsphates for agriculture 
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Catalystsifdr the Petroleurr Industry 
j TTPhosphaTe Rock Mine, Bartow, Florida 


Catalyst Plant, Cincinnati, Ohio 
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RCA scientists develop new dii ect- reading Loran insliumcnt 
which simplifies problems of navigation. 

The homing yoes ~h sea 


Now science gives the navigator an 
impioved "homing pigeon instinct” 
a way which — without checking the 
sun or the stai s— he can head his ship 
directly home. 

Aheacly thoioughly piovcd, Loran 
equipment lias been simplified through 
RCA research and engineeiing, so that 
almost anyone can lcam to use it in a 
few minutes. Free of human ciroi, read- 
ings appear directly on the instalment, 
A quick check gives position. 

Biain of this Loran system is a circuit 


developed at RCA Laboratories which 
splits seconds into millions of parts — and 
accurately measures the difference in the 
lime it lakes a pah of radio signals to tiavel 
from shore to ship. 

Given this information, the navigator, 
hundreds of miles from shore, can de- 
teimme his position quickly and accu- 
lately. Loranbs simplicity adapts it to 
every type of vessel from mei chant ship 
to yacht. Manufactured by Radiomaiine 
Coiporation of America, a service of 
RCA, it is alieadv being installed in 
U S. Coast Guard lescue ships. 


The meaning of RCA research 

RCA’s contribution to the development 
of this new diiect-i ending Lomn is 
anothei example of the continued lead- 
ership in science and engineering which 
adds value beyond price to any pioduct 
01 sei vice of RCA. 


The naicest advances in television , radio, 
and electi antes can he seen in action at 
RCA Exhibition Hall, 36 West -/ Jth St., 
N. Y Admission is free. Radio Corpora lion 
of Amenca, RCA Building , Radio Ciiu, 
N. Y. 20. 
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Sirs. 

The case for national compulsory 
health msui ance, as pi esented by Michael 
M. Davis in your June issue, is based 
almost entirely on the thesis that the ris- 
ing costs oi medical care are of growing 
concern to the American people and 
that there is a serious economic barrier 
between patients and doctors. 

Comparing the present with the era 
of his boyhood, Mi Davis reported cor- 
rectly. “Medicine is now far more effi- 
cient. it saves more lives, alleviates more 
suffering, and has greatly prolonged the 
life span. But its cost is . . . higher/’ 

It is true that the cost of medical 
care has increased during past decades 
and in the lecent inflationary years. 
During those same periods of time, how- 
ever, there also have been marked in- 
creases in the costs of all goods and 
services and in the income of the Ameri- 
can people, Moieover, the cost of medi- 
cal care has risen much more slowly in 
recent yeais than the cost of living. 
According to the United States Bu- 
reau of Labor Statistics, the cost of living 
in 1947 was 71 per cent above the base 
period of 1935-1939. The same Con- 
sumer’s Price Index showed that the cost 
of all medical care items, including hos- 
pital room rates, was only 41 per cent 
above the base period. Physicians’ fees- 
alone were only 36 per cent higher. 

The American people, m other words, 
have received far gentler economic 
treatment from the providers of medical 
care than from those who dispense most 
other goods or services. Merely to cite 
an increase m the cost of medical care, 
without relating it to a rise m all prices 
and m income, does not constitute a valid 
argument for a nation-wide system of 
compulsory health insurance. 

If it does, then it follows logically 
that the greatly increased costs of meat 
and milk, suits and dresses, and houses 
and apartments f call for the use of com- 
pulsory taxation and Government con- 
trol in the distribution of food, clothing 
and shelter. Day after day, and year after 
year, proper food, clothing and shelter 
are even more essential to life and health 
- than axe the services of physicians, 
dentists or hospitals: 

As to the economic barrier between 
patients and doctors, the undramatized, 
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unvarnished tiuth is that most Amencans 
can afford adequate medical care— either 
by dnect payment or thiougli voluntary 
msui ance— if they budget their incomes 
relative to necessities and luxuries. 

The independent, impartial Brookings 
Institution, m its 1948 report on a caie- 
ful study of “The Issue of Compulsory 
Health Insurance,” said that “A i da- 
tively small proportion of the families 
have vciy high medical costs that con- 
front them with serious financial prob- 
lems.” The repoit also pointed out: *‘0n 
the average medical care is not a big 
item. In most income classes it amounts 
roughly to between 4.0 and 4.5 per cent 
.... In both 1935-36 and 1941 the avail- 
able figures show for all income classes 
with total incomes of $1,500 a year or 
over that savings exceeded expenditures 
for medical care.” 

Among its conclusions and recom- 
mendations, all of which were unfavor- 
able to compulsory health insurance, the 
Brookings Institution reported: 

“The large majority of American 
fa 7 iiiliGS have the resources to pay for 
adequate medical care if they elect to 
give it a high priority among the sev- 
eral objects of expenditure . The issue is 
not whether they can afford medical 
care but whether they should be com- 
pelled by law to pool their risks to give 


Library binders to preHorvc issues of the new 
Scientific American mav be obtained by writing 
Scientific American, 24 West 40th Street, New 
Yoik 18, N. Y. Each binder, lovcrod with dark 
green Fubrikoid, v, ill hold 12 issues of the 
Scientific American Puce $2.50, 
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payment loi medical caie a top piionty.” 

The above conclusion is borne out and 
well lllustiatcd by the United States 
Department of Commeice statistics on 
consumer expenditures in 1947. The 
Amencan people m that year spent a 
total oi $6.5 billion for medical caie, in- 
cluding physicians’ services, hospitals, 
dings and sundries, dentists’ sei vices, 
and all othci medical caie. At the same 
time they spent $9.6 billion for alcoholic 
beverages, $9 4 billion for recreation, 
$3.9 billion for tobacco, $2.3 billion for 
peisonal caie (toilet articles, beauty pal- 
lors, etc.) and $1.5 billion loi jewelry. 

In other woids, the American people 
chose to spend one and a hall times as 
much for alcoholic beverages as for 
medical care and another one and a half 
times as much for recreation. They de- 
cided that they could afford moie than 
twice as much for tobacco as for the 
services of physicians. They spent con- 
siderably moio on personal care than on 
care lcceived from physicians. 

These weie not the decisions of the 
medical profession, of any othci group 
offering medical and allied services, or 
of any Government bureau. They were 
the decisions of 147 million people, act- 
ing freely and without compulsion. The 
American people spent only 4 per cent 
ol their budget on medical care, not 
because they weie unable to spend moie, 
but because that is all they chose to 
spend. That 4 per cent ratio has held 
true, with only slight variations, m eveiy 
year since 1929. 

The economic facts demonstrate 
clearly that the vast majority of Ameri- 
cans are financially able to budget medi- 
cal costs. The element of free choice is 
involved in all consumer expenditures. 
The logical objective at this point is to 
convince the people that the costs of 
medical care can and should be budget- 
ed— in a prepaid, methodical manner and 
at a low cost. The physical and financial 
health of the nation does not justify a 
compulsory tax for one particular 
service. 

At the bottom of the economic ladder 
there are some individuals and families 
who are unable to pay for adequate 
medical care. They also are unable to 
provide for other necessities oi life. In 
the future, as m the past, their medical 
care must be supplied through public 
funds or private philanthropy. Their un- 
fortunate status is a special economic 
and social problem completely unrelated 
to the case for or against compulsory 
health insurance. 

Mr. Davis wrote in his article that 
“the basic facts about medical economics 
in the U. S. were firmly established in a 
five-year study between 1927 and 1932 
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G| *<e**l CHEMICAL DIVISION 
U, *» CitCMicAi. « 0<r« eO»W«* r,oH 
VO*K, W.V.,U.S *• 


When Purity is a jMust • 


• 

; 

Assay j 

99.00% Mm. 

MAXIMUM LIMITS OF IKlj 

PURITIES 

“ I 

0.01% Max. 

$04 . 

0.05% Max. 

Fe 

0.005% Max. 

Heavy Metals (as Pb) . J 

!0.005% Max. 
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The search for exceptional 
purity and quality in reagent chemi- 
cals is endless. 

F or its guide posts, Baker & Adamson 
follows the pre-determined specifica- 
tions of the American Chemical Society 
governing reagents suitable for careful 
analytical work. These impartial 
standards point the way to production 


of the best in laboratory chemicals. 

In cases where A.C.S. specifications 
have not been established, B&A devel- 
ops its own equally strict standards of 
quality. As a result, chemists every- 
where know they can depend on Baker 
& Adamson for reagents that are 
made to meet or exceed A.C.S, purity 
requirements every time . 


The product featured here is typical of 
what B&A research, development and 
production seek to achieve in outstand- 
ing purity. The examples are many * . . 
all are proof that when you want the 
finest in laboratory chemicals, it’s wise 
to “specify B&A”— the reagents that 
are identified by the B&A “Shield of 
Quality.” 




GENERAL CHEMICAL DIVISION 


ALLIED CHEMICAL & DYE CORPORATION 
40 RECTOR STREET, NEW YORK 6 , N. Y 

O fices: Albany* • Atlanta * Baltimore • Birmingham* * Boston* • Bridgeport * Buffalo* * Charlotte* 
Chicago* • Cleveland* * Denver* * Detroit* * Houston • Kansas City * Los Angeles* * Minneapolis 
New York* * Philadelphia* m Pittsburgh* * Portland (Ore ) * Providence* * Sc. Louis* * San Prgndsco* 
Seattle • Wenatchee (Wash ) * Yakima (Wash.) 

In Wisconsin General Chemical Company, Inc , Milwaukee, Wis. 

In Canada: The Nichols Chemical Company, Limited * Montreal* * Toronto* * Vancouver* 


* Complete stocks are carried here. 
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How 5,000 pictures per second 
helped study steam formation 



Phenomena Studied with the Fastax 

The Dearborn Chemical Company, pio- 
ducer of foam inhibitors for boiler feed 
water, uses a 16mm Fastax high speed 
motion picture camera to study phenom- 
ena associated with steam generation 
and the action of foam inhibitors in 
feed water. 

Their studies have helped clear up 
important questions about the forma- 
tion, growth and coalescence of hubbies 
and the action of organiefoam inhibitors. 



Enlargement of □ 16mm Fastax frame showing bubbles 
rising from a Nithrome heating strip in a foaming 
solution. The bubbles resist coalescence. 



After adding Dearborn antMoaming agent, bubbles 
coalesce rapidly, become fewer, larger. Both pictures 
were taken at 5,000 frames per second. 


How You Can Use the Fastax 

Almost any phenomenon associated 
with rapid movement can be studied 
with high speed motion pictures. Light- 
mng,rocket launching, muscular spasms, 
combustion characteristics, the effect 
of centrifugal force on rotating parts — 
these are but a few of the fastcr-lhan- 
the-oye actions which the Fastax slows 
down for detailed study. 

Small, easily portable (25 lbs.), the 
Fastax is a scientific instrument readily 
operated and maintained by the non- 
professional photographer. For 
literature, or to borrow a 16mm silent 
demonstration film, free of charge, use 
the coupon below. Please allow four 
weeks for delivery of the film and select 
an alternate dale. 



FASTAX CAMERAS AVAILABLE 
IN 2 SIZES AND SPEED RANGES 

8mm — 300 to 10,000 frames per second 
16mm— 150 to 5,000 frames per second 


Western Electric 




TO BORROW 
FREE 16 mm silent 
demonstration film, 
^^send this coupon today. 

DISTRIBUTORS: IN THE TJ. S. A.— 

Graybar Electric Co. IN CANADA 
^Northern Electric Co., Ltd* 


QUALITY 

r 


COUNTS 



Graybar Electric Company 

420 Lexington Avenue, New York 17, N Y. 

□ Please send me literature on the Fastax Camera. 

□ X want to borrow the Fastax Film on 

(date) or (alternate date). 

NAME 

COMPANY-, 

ADDRESS 

CITY 
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by the Committee on the Costs of Medi- 
cal Caie, which was headed by Di. Ray 
Lyman Wilbur and suppoited by eight 
large foundations.” The Committee, Mi 
Davis continued, concluded that future 
medical service m this countiy should be 
based on pooled risks, chiefly thiough 
volunhuy health insurance. 

That is exactly the progressive, evolu- 
tional y development which is now mov- 
ing ahead at a giatifymg, constantly 
acceleiated pace, with the approval and 
support of lire medical profession. 

According to the most lecent figures 
which have come to my attention— a sur- 
vey ioi 1948 by the Life Insurance Asso- 
ciation of America— voluntary insurance 
now coveis 61 million Americans foi the 
cost ol hospitalization, 34 million foi 
surgical benefits, 13 million for medical 
caie, and 33 million foi loss of time m 
the event of sickness or accident 

The figuies aie ina casing by the thou- 
sands daily. The Blue Shield medical 
plans alone, for example, grew by some 
three million new members m 1948. 
The combination ol Blue Cross hospital 
and Blue Shield medical coveiage, 
which at last report protected more than 
35 million people, is enrolling new mem- 
bers at the tale of some 10,000 per clay. 

Blue (boss. Blue Shield, the insuianee 
companies and the various other sound 
puvate agencies m the health insuianee 
field are working constantly to extend 
benefits, to provide individual coverage 
more broadly and to set up protection 
against eatastiopliic illness at actual i- 
ally sound rates. Tin's healthy com- 
petition means maximum coverage foi 
the American people at minimum rates— 
on a sound insuianee basis rather than on 
a basis of compulsoiy taxation and Gov- 
ernment regulation. 

The cost of voluntary health insur- 
ance already is low and well within the 
financial reach of most Amciiean indi- 
viduals and families. In the opinion of 
experienced aclmmistialois of voluntary 
piognuns, 75 per cent of the national 
population can he piovidocl with sound, 
adequate coverage within the neai 
future, if cui rent pi ogress is allowed to 
continue without Government mteifei- 
ence Blue Cioss hospital plans, as an ex- 
ample of what can be achieved, already 
aie protecting 75 per cent of the people 
m at least one state and m some cities. 

In view of all these highly promising 
developments undci our present medical 
and economic system, we agree com- 
pletely with the closing statement in Mr. 
Davis’ article: to the effect that all 
thoughtful men must keep cool minds 
to weigh the issues in this question of 
compulsory versus voluntaiy health in- 
surance. 

ELMER L. HENDERSON, M.D. 

President-Elect 

American Medical Association 

Louisville, Ky. 
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(rE Germicidal Tubes 

help prevent Product Contamination / 
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FACTS YOU SHOULD KNOW 

General Electric Germicidal 
Tubes produce ultraviolet 
energy. They are used for air 
disinfection. 

G-E Germicidal Tubes kill 95% 
or more of the germs in the air 
through which the energy passes. 

Because germicidal energy may 
irritate human eyes and skin, 
G-E Germicidal Tubes must be 
used in properly designed and 
correctly installed fixtures. 


General Electric Germicidal Tubes 
are available in four sizes, 4 wafts, 
8 watts, 15 watts and 30 watts. 




Preparing penicillin in air disinfected with G-E Germicidal Tubes 

\ Today the purity of many life-saving drugs is being 

* \ protected by the invisible energy of General Electric 

Germicidal Tubes. 

From those long, slender tubes comes potent ultra- 
violet energy that kills 95% or more of germs in 
the air through which it passes. In drug laboratories, they 
help protect products from being spoiled by bacteria, 
viruses and mold, and are an added safeguard for the health 
of the workers. 

General Electric makes four different sizes of Germicidal 
Tubes— from 4 to 30 watts. If you have a spoilage problem 
in your plant, perhaps G-E Germicidal Tubes can help. 

Write for further information and a free booklet ( 'Air 
Sanitation with G-E Germicidal Tubes/' Address General 
Electric, Nela Park, Dept 166- SA t Clev eland 12, Ohio . 


GENERAL 



ELECTRIC 
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S EPTEMBER 1899 "Chemists admit 
that the nature of valence is one of 
their chief puzzles, and they have 
advanced but little toward its solution 
duiing the past half century. For a long 
time there was much straining to con- 
sider the valence of an element always 
the same, but this effort is, in large meas- 
ure, abandoned now as unavailing, and 
chemists admit that valence is not con- 
stant but variable, and may even vary 
toward one and the same element. This 
line of reasoning has led Lothar Meyei 
to doubt the unvaiying natuie of the 
atom itself. The case cannot be so hope- 
less as to necessitate calling to our aid so 
dangerous a doctrine.” 

* 

"The role played by the mosquito as a 
canying agent of the malarial paiasite 
from man to man seems to be restricted 
to one genus, the Anopheles. Major Ross, 
of the Liverpool School of Tropical Dis- 
eases, in a telegram from Sieira Leone, 
announces the fact that he had found the 
Anopheles there, and that it may be the 
intermediary host of the quartan malarial 
fever ” 

“The recent war has imposed upon the 
United States responsibilities that are en- 
tirely novel and of fai -reaching conse- 
quence. The battle of Manila sounded 
the death knell of our policy of isolation, 
and the treaty of Paris so greatly ex- 
tended the borders of our possessions 
that they may now be said to be conter- 
minous with those of every nation that 
has a fighting ship afloat upon the high 
seas.” 

"According to The Chemical Netos, 
Prof. Dewar has succeeded in solidifying 
hydrogen into a glassy, transparent 
mass.” 


"There are now over 7,000 owners of 
automobiles in Europe, and the number 
of vehicles is, perhaps, 10,000, and of 
this number, there are no fewer than 
5,606 in France. For the remainder of 
Europe the figures are not very com- 
plete. There are 268 owners of automo- 
biles in Germany, 90 in Austro-Hungary, 
90 in Belgium, 44 in Spain, 304 in Great 
Britain, 111 in Italy, 68 in Holland, 114 
in Switzerland. It is impossible to state 
at the present time how many automo- 
biles are in this country. It is estimated 


so m too 



that the numbei is 500 We think that 
300 or 350 would be neaier the figuie. A 
huge number of concerns aie preparing 
to turn out carnages of all kinds m large 
quantities, and within two years we can 
number oui carriages by the thousand.” 

"Prof. W. W. Campbell has discov- 
ered that Polans, familial ly known as the 
North Star, embiaces three distinct 
bodies: 'The recent obseivations of Po- 
laris, at Lick Observatoiy, show that its 
velocity is variable. It is approaching the 
solar system now with a velocity of 8 
kilometers pez second, This will increase 
m two days to 14 kilometers, and m the 
next two days will decrease again to< 8 
kilometers. This cycle of change is re- 
peated eveiy four days. The bright 
Polans, tlierefoie, revolves about the 
center of gravity of itself and its invisible 
companion once in four days. The mbit 
is nearly circular and is comparable in 
size with the moon's orbit around the 
earth. Both companions of Polaris are 
invisible, but their piescnce is proved by 
disturbances which their attractions pro- 
duce in the motion of the bright Polans/ ” 


EPTEMBER 1849. "Sir John Simp- 
son has returned to Montreal from 
his annual tour of inspection 
through the Hudson’s Bay Teriitories 
and Northwestern settlements of this 
Continent. We learn with regret from 
him that no clue had been l obtained to 
the whereabouts, or the fate of Sir John 
Franklin and Ins gallant companions.” 

"Some very successful experiments 
have been made this year and last, in the 
central and northern parts of Illinois, in 
the cropping of wheat on new prairie 
lands. Near New Caithage, in 1847, Mr. 
A. Hamilton broke 100 acres of new 
prairie, finishing about the 1st of August. 
From this 100 acre tract he cut and se- 
cured 2,300 bushels of good wheat, los- 
ing enough, he thinks, through inability 
to harvest it m season, to have made the 
whole average 30 bushel to the acre.” 

"The celebrated Prof. Agassiz, re- 
marked that Zoologists, in their investi- 
gations, have sadly neglected one side of 
their subject. In studying animals in gen- 
eral, he continued, it has been the habit 
to observe them only in the full-grown 
condition, and not to look back at their 
earlier stages. Precise investigations of 
the subject are utterly neglected. But 


theie is one point which has been most 
thoroughly investigated, foi a period of 
twenty-five yeais, viz , the early changes 
within the egg. We find that young ani- 
mals, of almost all classes, within the 
egg, differ widely fiom what they aie in 
their full-grown condition. We find, too, 
that the young bat, or bird, or the young 
sci pent, in ceitain peiiods of then 
growth, resemble one another so much 
that he would defy any one to tell one 
from the olhei— or distinguish between a 
bat and a snake, or a robin and a bat.” 

"Prof. Pieice observed that there had 
been a century of accurate observations 
upon the phenomena oi Comets, so that 
the mquiiy may now well come lip, 
whether they aie component paits of the 
Solar System, oi sti angers visiting us 
fiom other systems. His own opinion was 
that they aie component paits oi our 
own system. He came to this conclusion 
strengthened by two classes of aigu- 
menls— the fust arising fiom the natuie 
of their orbits, from their not being hy- 
perbolic.” 

"The giowth of American cities is un- 
paralleled m the history of the world. 
Already half a million are embraced 
within the limits and suburbs of New 
York; and neaily fom bundled thousand 
m that of Philadelphia. The second child 
bom in Cincinnati, it is said, is still liv- 
ing, and has not reached the middle age 
of life. The city has a population of more 
than one hundied thousand. Chicago, a 
place scarcely known on the latest maps, 
has already i cached a population of 
eighteen thousand; and Milwaukie, of 
still moie recent origin, is rivaling it in 
its growth and population.” 

"Mr. Penington, the original piojector 
of a flying machine to navigate the air, 
which has been noticed by us before, has 
returned from the far west, wheie he has 
been making some experiments on the 
great prairies. The Baltimore Sun i egrets 
to say*4hat he has not been sufficiently 
successful to enable him to come back in 
his own carriage. -He is, however, san- 
guine of fully succeeding eventually in 
making a voyage to California, or even to 
Europe, in his car, through the air. A 
large machine of this kind is now build- 
ing near this city, by Mr, Robjohn. The 
canvas is all ready, and is about 80 yards 
in length and 50 in diameter. We await 
in' calm contemplation the mighty results 
of this enterprise.” 
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3096 ($P. LINE) PILOT AT SW, MAIN 


3096 KC PILOT ALARM AT NON-SW. MAIN 


TOT, LINE FAIL AT SW. MAIN 


AUTO. SWITCH AT SW. MAIN 


SP. LINE FAIL AT SW, MAIN 


AUTO. SW. LOCKED AT SW. MAIN 



Carrying hundreds of telephone calls, coaxial 
cable runs through many lonely miles. Far from 
towns and people, master amplifying stations 
stand guaid with a new automatic alarm system 
developed by Bell Telephone Laboratories. 

At a city terminal, the man on duty makes a 
check by laying a transparent log sheet over a 
glass window, and dialing a master station hun- 
dreds of miles away. At once the station begins to 
give an account of itself, lighting lamps under 
the log sheet to report any abnormal operating 
condition before it becomes an emergency. 


But when something happens that threatens 
serious trouble, the apparatus acts at once — 
maybe by switching in a spare coaxial — and calls 
a distant test board by ringing a bell. Sometimes 
he can take further steps by remote control; if 
not, lie knows exactly how to brief the nearest 
repair crew. 

With this new alarm system, maintenance 
men need not be stationed at isolated points, 
just waiting for something to happen. Instead, 
they live m their home communities. This makes 
for better work . . and better telephone service 


Blit, TELEPHONE LABORATORIES EXPLORING AND INVENTING, DEVISING 
AND PERFECTING, FOR CONTINUED IMPROVEMENTS AND ECONOMIES IN TELEPHONE SERVICE 





























































































World’s largest 

all -electronic analog computer 

New installation at NACA Laboratory tests 
jet engines before they 9 re built! 


When you can predict the performance and control characteristics of a 
jet engine before it’s built , tremendous savings in time and costs can be 
made. So the NACA’s Flight Propulsion Research Laboratory asked GAP/R 
to build a new Electronic Analog Computor that would “construct” new 
engine designs directly from drawing board specifications. GAP/R's answer 
to the problem is shown below. In 1/240 of a second this electronic giant 
solves complex problems involving automatic control of jet engines and 
other jet-powered devices, each of which would require weeks if done by 
other methods . The effects of disturbing elements, such as a change in 
altitude or fuel mixture, are displayed on oscilloscopes where they may be 
readily measured and interpreted. 
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GAP/R aids many fields of industry and science by constructing analogs 
that provide a fast and efficient method of solving dynamic problems by 
going directly from problem to solution. If you have a tough design or con- 
trol problem to Grack, write today and find out how GAP/R services can 
help you. 
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GAP/R makes them 
small, too ! 

K-3 ANALOG COMPUTOR COMPONENTS 

A new, exclusive development 
of GAP/R research! Individual 
* Components — each embodying a 

^ specific mathematical or dynamic 

operation — may be assembled like a block dia- 

gram containing functional relationships between 
variables . . . bring new versatility to electronic 
analog applications! Write for bulletin. 






THE COVER 

The painting on the covet shows some 
oi the oigamsms used m die woik of 
the Mai me Biological Laboratoiy m 
Woods Hole, Mass, (page IS). Then 
dimensions can be judged by the 
three-meh watch glass in the lei l fore- 
ground, which holds a sharp- spined 
sea urchin. Behind it on the pitted 
wooden smk is one of the standard 
glass tanks used in all of the MBL’s 85 
scpaiate laboratories. Sea water runs 
through the tank to sustain the marine 
organisms kept there. The speckled, 
green-eyed cieatuie extending out of 
the pictuie to the right is a Woods 
Hole squid, Loligo pealii Possessing 
the hugest known neive fillers, with 
single cells two to three inches long 
and close to a millimeter thick, it is 
used in study of the ueivous system. 
Two moie squids can he distin- 
guished in the background. Besting 
on the bottom oi the tank is a sea 
anemone with l eddish stinging tenta- 
cles. To its left is some living coral. 
Another piece of coral sits on the sink 
m front of the tank at the lar rigid. 
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I F you arc earning about $5,000 a year, you have reached 
the most critical stage of youi business career, 

Few men are paid that amount unless they are paten - 
( ia I ly wo r(h $ / Q< 000. 

It means someone above you thinks you are capable of 
making at least twice your present salary. But you have 
to prove it! 

Five thousand dollars is not a terminal — a man goes 
on or hack. Clerks can he lured for less; executives can 
demand more. 

If you have the resolve and the ambition to pass the 
$5,000 barrier, the Alexander Hamilton Institute can 
help you. If you do not have those qualities, nobody 
can help you. 

HOW TO BRIDGE THE GAP 

Iletc, briefly, is t lie Institute’s function: It stimulates 
your desire to forge ahead, awakens hidden abilities, sup- 
plies the training and knowledge every executive must 
have. It shows you, by practical examples, the methods 
and procedures followed by management. It enables 
you to bridge the gap between your present job and the one 
above , 

Don’t misunderstand. The Institute works no miracles, 
opens no magic portals to quick and easy success; it will 
not double your income within a few months. Nor will it 
make corporation presidents of men who are clerks at heart. 

But to the man who seeks a sound and realistic pro- 
guun to speed up his progress in business, the Institute’s 
Modern Business Course and Service is ideal* Ideal lie- 
cause it fits the new concept of management, prepares 
men to handle the larger opportunities of business. 
Suppose the management of your company met to 
select a new vice-president, PacLory Manager, Sales Man- 
ager or Personnel Director. Suppose you were a possible 
choice for one of those positions. 

Are you qualified to step into such a job? Is your 
knowledge broad enough to meet the requirements of an 
executive position— • or do you know little of business 
outside of your own department? 

Will you be qualified two years from today? 


Only men who understand the fundamental principles 
of all departments of business can safely be trusted with 
important administrative responsibilities, 

'The Institute offers you a practical, concentrated means 
of obtaining that knowledge in your spare time. 


SEND FOR FREE BOOKLET 

So fiU as it lias been possible to do so, the Institute’s. executive 
training plan has been outlined and described in an in tci ending 
booklet titled u Forging Ahead in Business.” 

There is no charge for tins little book because it is worth only 
what you make it woith, Some men glance tlnough it and toss it 
aside; ollicis have found a fortune in its pages. It is a serious hook 
about a actions subject; as such, it holds nothing for the meicly 
anions. 

But it contains a message of lasting significance 
to men who arc concerned about when? they' arc 
going in business, and how they are going to get 
there. To men oi this type, copies of “Forging 
Ahead in Business” aie available without cost <>i 
obligation, Simply fill m and return the coupon 
below. 



ALEXANDER HAMILTON INSTITUTE 

Dept 685, 71 West 23id St., New York 10, N. Y. 

In Canada' 5*1 Wellington St., West, Ten onto 1, Out. 


Alexander Hamilton Institute 

Dept, 685, 71 West 25) d Street, NewYoik 10, N.Y. 

In Canada: 5*1 Wellington Street, West, Toionto 1, Out, 

Please mail me, without cost, a copy of the (id-page book— 
"FORGING AHEAD IN BUSINESS.” 


Name 

Finn Name 

Business Address 

Position. 

Home Address, , , 
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. . . IMPROVED BY HIGH VACUUM 


AT several famous watch factories 
ii hair springs and mam springs 
emerge from the vacuum annealing 
furnace with a bright finish. Thus, 
cleaning operations that are costly 
to the manufacturer and tend to 
weaken the springs are eliminated. 

Jet engines impose terrific heats 
and stresses which quickly would 
melt or tear apart ordinary metals. 
The high vacuum furnace with its 
freedom from oxygen and other air 
gases is the invaluable tool of the 
metallurgist to produce the metals 
which help make possible the har-: 
nessing of jet power. 

Uses for high vacuum seem urn- 
limited. New high vacuum tech- 
niques are constantly finding their 


way from the laboratory into science 
and industry. 

Lenses, insulating paper, plastic 
forms, metal castings are beautifully, 
uniformly, and inexpensively coated 
by vaporizing gold, silver, chromium, 
and other metals in high vacuum 
chambers. 

Substances once thought undis- 
tillable are fractionated in high vacur 
am stills. 

Precious biological cultures are 
dehydrated under high vacuum to 


multiply four-fold the length of time 
they keep their potency in storage. 

Manufacturers of refrigerators pro- 
duce more dependable products by 
employing high vacuum. Electronic 
tubes last longer the higher the 
vacuum achieved in them. 

It may pay you to look into high 
vacuum techniques. The expenence 
of DPI research men and engineers 
and the DPI line of high vacuum 
equipment are available to all in- 
dustries. We invite inquiry.; 


Distillation Products, Inc. 

Subsidiary of Eastman Kodak Company 
751 RIDGE ROAD WEST, ROCHESTER 13, N. Y. 

Distillers of Oil-Soluble Vitamins and Other Concentrates lor Science and Industry ; 
Manufacturers of High -Vacuum Equipment. 
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Between 1745 and 1750 divers Euro- 
peans were experimenting excitedly 
with The Leyden Jar. Dr. Priestly 
declared its discovery to be "the most 
surprising yet made in the whole 
business of electricity.” 

Early in 1747 Peter Collmson, fellow 
of the Royal Society, sent an "electrical 
tube” to his friend, Benjamin Franklin, 
in Philadelphia. As usual Dr. Franklin 
had some ideas of his own* and used a 


Leyden Jar in his famous lightning-kite 
experiment. It was Franklin who 
identified the principle and improved 
on the jar with the simple "Franklin 
Pane,” a piece of glass with tinfoil on 
each side. Today’s condensers are 
practically piles of Franklin Panes. 

♦Puckish old Ben. even made a "magic portrait” 
of the King out of metal on glass with a remov- 
able crown. When an unmstructed person at- 
tempted to remove the crown he received a 
"tremendous shock ” This served as a warning 
for too ardent patriots. 



at s better. 



It was Franklin who took the first step 
toward the modern condenser. The most 
recent step in its improvement has been 
taken by Smith Paper, Inc. of Lee, Mass. 

Smith has been making very thin 
papers^ for years — papers as thin as 
.00025 in. With the growth of electronics 
Smith’s condenser paper became a 
product of considerable industrial 
importance. 

An ordinary condenser is a roll of 
many alternate layers of conducting 
metal and non-conducting paper each 
of which, for compactness, should be as 
thin as possible. But there are limits to 
their thinness for should a momentary 
overload break through the insulator 
the condenser is short circuited and 
ruined. 

Now, with the help of National 
Research, Smith has found a way to 
greatly reduce the size of condensers 


and prevent most shorts at the same 
time. In our continuous coating ma- 
chines Smith evaporates metal under 
high vacuum. The metallic vapor, 
deposited on a moving strip of lacquered 
paper, forms a conducting film only 3 to 
5 miilionths of an inch in thickness. 
This is only 1/50 of the thickness of the 
foil formerly used. This metal-coated 
paper is also self-healing. If a momen- 
tary excess of voltage should puncture 
the paper the zinc coating vaporizes 
and recedes from the edge of the hole 
where it can make no contact with the 
next conducting layer. Extra layers of 
paper for insulation insurance are no 
longer necessary. 

So, with 1/50 of the conductor and a 
half (or less) of the insulator the new 
Smith paper saves about 75% in the 
hulk of the finished condenser. Such a 
decrease in size and increased life 


t mjd condenser 
Jl chui l sijse 


expectancy are great advantages to all 
makers of television and other electronic 
equipment. 

Isn’t it cheaper to make a better 
product than to promote an ordinary 
one? We at National Research believe, 
by the evidence of our own experience, 
that it is. And we also believe that m 
the unexploiled uses of industrial 
research lie the greatest opportunities 
for profit now offered to industry. To 
industry — to your business — we can 
bring the best in brains, organization 
and equipment with an unequalled 
accumulation of experience. 
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WOODS HOLE IN 1949 

The Cape Cod resort is the summer eapital of biology. 

This year, as usual, the pleasant ferment of the Marine 
Biological Laboratory has produced some noteworthy work 

by John K. Pfeiffer 

I N the suiumei ol LS7I the icnowned loomed wilh iu ieh variety of marine life. especially loi Lite Lonofil ol the labora- 
naturalisl Spencer Fullerton Baird, The silo was ideal for fish studios. lory, 15 pioneers louudcd the Marine 

then head of the IL S. Kish Com- Baird’s discovery not only launched a Biological Laboratory m a small triune 
mission and lalei to bo soorolaiy of the fisheries station (still in existence) at building in Woods 1 loll iu the summer 
Smithsonian Institution, scouted (he Woods Holl, but soon attracted the at- ol 1888. 

Atlantic coast Irom Maim* to Maryland tention of biologists, In 1887 a gioup of Two previous attempts to establish a 
in search ol a .suitable site lot a Bureau them, led by Alphcus Hyatt, curator pcnuunc.nl biological station in the U. S,, 
of Kisheries station, lie arrived one day of the Boston Society of Natural History, inspired by Harvard’s great naturalist 
at a quiet little village culled Woods decided to start a biological laboratory Louis Agassiz, hud failed, But the Woods 
IIoll, on the southernmost tip of Cape there. Having raised $11,000 through Hull seedling took root. Watered by 
Cod, and knew at once that he need contributions, the proceeds of a series ol large gifts from Charles CJrane, Lhe Chi- 
look no farther. The roekv pools, mud popular-science lectures and an oper- eago plumbing equipment maimfue- 
flats, lagoons and bays ol the area elta written and produced in Boston hirer, the f laboratory steadily expanded. 



A WOODS HOLE CLASSROOM is photographed to deliver papers. Pointing to the blackboard is E, S* 
through an unfinished wall Here students arc permitted Guzman Barron, head of the physiology department* 
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MUSCLE RESEARCH is concluded in tlie laboratory of Nobel prize winner 
Albert Szent-Gyorgyi L Scientific American, June], Here a Szent-Gyorgyi as- 
sociate observes the conlraclion of the isolated musculus psoas of a rabbit. 



NERVE RESEARCH is carried on by George Marmont, who spends winters 
at the University of Chicago. Marmont here dissects the largest known nerve 
cell from the nerve tissue of a squid {see photograph on opposite page). 

w • ; ' . ■ - 


The plant has now grown to moic than 
25 buildings, including living quarters 
lor hundreds of woikeis. Tlie Laboratory 
has an endowment ot nearly $1 million, 
provided by Crane, the Rockefeller and 
Carnegie Foundations and John D. 
Rockefeller, Ji., but its activities are so 
extensive that, like a university, it re- 
quires eonti ibutions to meet expenses. 
The village o( Woods Hole (its piesent 
name is a corruption of the original) to- 
day can lauly be consideied the biologi- 
cal capital oi the world. 

This snmmei moio than 450 investi- 
gators and students from about 100 
universities, medical schools and gov- 
ernment agencies have put m a full sea- 
son’s work at the Lahoratoiy. Some 200 
otheis have come for shorter pounds 
from all paits of the eaith— India, Aus- 
tria, England, South Africa, China, 
Japan. Six Nobel prize winners have 
been in attendance, and the Laboratory’s 
battered registration book is a roster of 
great names. The 200 research projects 
that have been conducted at Woods 
Hole this summei cover almost the whole 
spectrum of biology. 

Woods Hole is an ideal natural site 
for biological work lor a number ol rea- 
sons. The ocean is a museum of living 
links with the past. While land life lias 
been vastly alteied by geological up- 
sets, the forms of sea life have remained 
i datively unscathed: fAmulus , the mod- 
ern horseshoe crab, is not too distant a 
cousin ol the trilobites that eiawled m 
Paleozoic muds half a billion years ago. 
Woods Hole is strategically located at 
a crossroads of maiine life. Its waters 
have, to begin with, a gieat variety of 
their own native foims. From the Gull 
Stream, only about ISO miles offshore, 
the winds often sweep in tropical marine 
plants and animals. And noithwesl, in- 
side the great hook ot Cape Cod, the 
waters of the bay aveiage eight to 10 
degrees cooler than at Woods Hole, add- 
ing still other varieties of life. Within the 
waters of the Capo Cod region, more 
than 1,000 species of mat inis organisms 
have been identified. 

Thus Woods Hole’s natural attractions 
have been sufficient to draw biologists 
from all over the world. Moic than 20 
years ago the Hungarian muscle physi- 
ologist and Nobelisi Albert Sz.ent- 
Gyorgyi visited the Laboratory and was 
so impressed that he resolved to come 
back some day. He has recently bought 
a home In Woods Hole and set up an 
alhyeai -round laboraloiy, where, with a 
staff of colleagues who have followed 
him from Hungary during the past year, 
he is continuing his muscle studies. Oth- 
er Nobelisls at Woods Hole this summer 
have been James Franck, the University 
of Chicago physicist; Otto Loewi, the 
New York University biochemist; O. My- 
erhof, the University of Pennsylvania 
muscle physiologist; Carl Neuberg, the 
German biochemist, and Otto Warburg, 


tlu 1 Gin man physiologist anti woiker in 
photosynthesis and cancel reseuioh 

Woods Halo is now a piedoim- 
nanily scientific community with well- 
established traditions. Some ol its regu- 
lais have woiked there each summer loi 
40 years oi more. Their dean and un- 
official historian, Princeton’s famous 
Edwm Giant Conklm, who has spent Ins 
summers at the Laboratory off and on 
ever since 1891, estimates that at least 
75 biologists have bought homes m the 
area, and that more than 100 marriages 
have icsulted bom summer meetings of 
woikers oi students at the Laboratory. 

The Marine Biological Laboratory is 
not only a research center but also a 
vacation-term graduate school. Its care- 
fully selected students are taught by an 
all-star cast; (he distinguished 1 acuity of 
its physiology class, ioi example, this 
summei included S/.ent-Gyorgyi, War- 
burg, Loewi, George Wald ol Harvard 
University, II. B. Stombueh of the 
University of Minnesota, Hans Neurath 
of Duke University and L. S, G. Barron 
of the University of Chicago. 

The Laboratory has now become so 
popular that it can accommodate only 
part of the applicants who seek to work 
there each summer. It has 85 individual 
laboratories, with space for about 875 
woikers. The Ices for (heir use 1 , usually 
paid by the scientists’ institutions, vary 
from $100 to $250 for tlu* season, de- 
pending on tlu 1 size of thi v space. Appli- 
cations are made during the winter to the 
director of MBL, Gharles Packard, the 
applicant specifying what kind of work 
lie wishes to do and what laboratory 
facilities lie will need. If his work re- 
quires special equipment, he must bring 
his own, but MBL supplies such stand- 
ard apparatus as microscopes, auto- 
claves, refrigerators, tissue-slicing micro- 
tomes— and of course the plants and 
animals for experiments. The demands 
of the biologists keep a whole corps of 
specimen-collectors busy. An average 
days requirements include 1,000 min- 
nows, 450 fiddler crabs, 400 sand dol- 
lars, 850 sea urchins, 250 starfish, 50 
squid. 

Woods Hole’s unparalleled natural 
assets and pleasant scenery are not, 
however, its solo or even its major attrac- 
tions for biologists. Its chief allure is as 
a forum and clearing house for the Babel 
of special longues into which tnoderp 
biology has disintegrated. In a field so 
fragmented that its members are divided 
into more than 80 specialized societies, 
each studying a different segment of the 
curious phenomenon of life, Woods 
Hole serves as a common meeting ground 
where the pieces may perhaps bo fitted 
together. And because the need for com- 
munication is more acute in biology than 
in most other sciences, the opportunity 
provided by Woods Hole is correspond- 
ingly greater. Whereas the various work- 
ers in physics or chemistry convene only 


a lew times a yeai, at Woods Hole the 
various breeds of biologists- zoologists, 
botanists, physiologists, endocrinolo- 
gists, neurologists, biochemists, and so 
oil— come together to talk things over at 
leisure for three and a half months. 

The history of the Marine Biological 
Laboratory epitomizes the histoiy ol the 
major movements in biology during the 
past half century. It was the cential 
arena for the great controversies be- 
tween the vitahsts and the mechanists, 
the analysis and the synthesisls, the 
naturalists and the experimentalists. 
When the Laboratory began, biology, 
under the dominant influence of the 
naturalist Louis Agassiz, was almost 
wholly a descriptive science. The early 
workers at Woods Hole devoted them- 
selves to observing the behavior of 
whole organisms; how they woie born, 
how they lived, what they ate, how they 
reproduced. To tamper with the living 
cell or interfere with natural processes, 
they held, would produce misleading 
“artifacts.” So the investigators patiently 
watched marine eggs under the micro- 
scope and recorded what they saw as 
the eggs grew, multiplied and de- 
veloped. 

lu the 1890s a profound change be- 
gun in the work of the Laboratory. The 
man who did most to bring it about was 
Jacques Loob ol the Rockefeller Insti- 
tute for Medical Research. In rebellious 
exasperation with tiro naturalists’ ap- 
proach, he exclaimed: “The most un- 
interesting thing I know is the normal 
development of an egg!” Loch proceeded 
to explore biology at the molecular level 
In the face of hitter opposition from the 
vitalisls and others, he showed that the 
mysterious, complicated proteins, one 
of the main components of protoplasm, 
were composed, like other forms of mat- 
ter, of identifiable molecules. Ho also 
demonstrated that sea-urchin eggs could 
be made to develop by treatment with a 
salt solution instead of sperm, that 
the bending of plants toward the sun 
could he explained by chemical reactions 
produced in the plants by light. 

Under the influence of Loch, who 
worked at Woods Hole from 1892 until 
his death in 1 924 and was buried in the 
town, the Laboratory— and with it all 
biology— gradually shifted its chief em- 
phasis to biochemistry. Today most of its 
investigators are studying cells— dissect- 
ing them with mierosculpols, injecting 
chemicals into them with microhypo- 
den nic needles, measuring their electri- 
cal activity, breaking them clown in high- 
speed centrifuges. 

One of the principal fields of investi- 
gation at Woods Hole this summer is the 
cells of the brain and nervous system; 
more than a score of workers have been 
engaged in it. The most popular experi- 
mental animal for this work is holigo 
pealU, the Woods Hole squid. The squid 
is a good animal for nerve studies be- 



SINGLE NERVE CELL of a squid is 
dark streak running IcngLh of bit of 
nerve tissue. Magnified three limes. 
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cause it has extiaordinuiily large nerve 
fibers Fibers two to three inches long, 
resembling grayish-white threads, can be 
dissected Iroin the animal fox electiical 
and chemical analysis. The chemistiy of 
neive-cell activity is extremely compli- 
cated. A neive cell is a kmd of battery 
that discharges to produce an impulse 
and is rechaiged chemically m a few ten 
thousandths of a second for the next im- 
pulse. 

Some ingenious new equipment and 
methods for the investigation oi the 
neive reactions were m evidence at 
Woods Hole this summer. One was a 
complicated apparatus, built by Geoige 
Marmont of the Umveisity of Chicago, 
that stimulates isolated squid fibeis elec- 
tiically and can measure then high- 
speed nerve impulses with an accuracy 
of better than a millionth of a second. 
The appaiatus requires about 260 vacu- 
um tubes, and includes a platmum-wire 
electrode tmy enough to be inserted 
longitudinally in a single fiber. In an- 
other appioach to the nerve problem, 
Otto Schmitt of the University of Min- 
nesota spent the summer at Woods Hole 
studying “resting” or unstimulated squid 
nerve, with the aid of a small electronic 
computing machine to solve mathe- 
matical equations. From the chemical 
side, David Nachmansohn of the Co- 
lumbia University College of Physicians 
and Surgeons, another Woods Hole 
regular, extracted choline acetylase lrom 
squid neive to study the lole of that 
enzyme in the transmission of nerve 
signals. 

These related studies admirably illus- 
trate the function of the Marine Biologi- 
cal Laboratory itself in cioss-fertihzmg 
the work of various researchers on com- 
mon problems. Besides bringing the 
workers together. Woods Hole has given 
their work an invaluable continuity over 
the years. One ol the best examples of 
this is the continuing study of fertiliza- 
tion and reproduction that has been 
carried on at Woods Hole ever since 
Loeb's experiment in the artificial fer- 
tilization of sea-uiehin eggs. 

What happens chemically when sperm 
and egg unite? In 1912 Frank R. Lillie, 
then director of the Laboratory, pub- 
lished the first of a series of papers which 
postulated that two substances unite to 
trigger the production of an embryo. 
One was a substance called “fertilizin' 
in the egg, and the other was an “anti- 
fertilizin” in the speim. Lillie was unable 
to make a detailed study of these sub- 
stances, for the necessary analytical 
techniques did not yet exist. But m re- 
cent years Albert Tyler of the California 
Institute of Technology has continued 
this investigation at Woods Hole. 

Using a high-speed centrifuge and 
other apparatus, Tyler determined that 
fertllizin is a sugar-protein complex of 
large molecular size, found in the sur- 
, face coat of the egg. Antifertilizin, ex- 
tracted from the surface of the head of 


the speim, was also louncl to be a pro- 
tein. As a woiking hypothesis, Tylei has 
suggested that when a sperm encounters 
an egg, the specific intei action of its 
antifertilizin with the egg’s lertilr/m 
binds the sperm to the sui luce of the egg. 
The sperm’s tail soon stops wriggling. 
Eventually it appeals to be pulled into 
the egg by purely chemical loices, in- 
volving the precipitation ol the two re- 
acting substances. 

This may seem merely a way ol say- 
ing m chemical teims what any higli- 
scliool student can observe with a nucio- 
$cope. But biochemical analysis, besides 
affording a fullei description of a given 
process, often reveals unsuspected com- 
mon denominators that illuminate other 
processes m a living oiganism. In this 
case the process of fertilization turned 
out to be veiy similar to the reaction 
of the body to foreign substances. The 
combination of fertihzm with antiier- 
tihzin is like the combination of an 
antibody with a foreign substance, such 
as the geim of a disease, a poison or lag- 
weed pollen. In other words, fertiliza- 
tion and allergy aie somehow akin, at 
least in their mechanism. Even the sub- 
stances are alike: fertihzm and anti- 
fertilizin, like antibodies, aie proteins. 

The parallel between fertilization and 
infection is even moie striking when one 
examines the viruses, known as bacleiio- 
phages, that attack bacteria. Some 
studies have shown that after a single 
phage out of a laige colony enteis a bac- 
terium all the olheis may be excluded. 
This is exactly what happens, ol couise, 
when an egg is fertilized; one sperm 
preempts the egg. Tyler has even pointed 
out, though he is not inclined to push the 
paiallel too far, that under the election 
microscope some phages actually look 
like sperm; they have shoit oval heads 
and relatively long tails. 

In any case, Tyler's revealing studies 
of the paiallels between fertilization 
and infection have already suggested 
applications to medicine. It has been 
found, for example, that marine speim 
possesses substances that dissolve the 
protective layer of cells surrounding 
the egg. So medical scientists are test- 
ing chemicals closely related to these 
substances to treat human infertility, 
dissolve kidney stones, and enhance the 
effect of penicillin and local anesthetics. 

Thus biochemistry appears at the mo- 
ment to be the most fruitful and liveliest 
field in biology Easily the most dramat- 
ic event at Woods Hole this summer was 
a debate on the chemistry of photosyn- 
thesis among four of its investigators. 
Otto Warburg of Berlin, James Franck 
of the University of Chicago, Dean 
Burk of the National Cancer Institute 
and Robert Emerson of the University 
of Illinois. The debate had to do with the 
efficiency of the photosynthetic process. 
Warburg has long contended that the 
photosynthetic reduction of carbon di- 
oxide requires no more than four quanta 


of light cneigy, winch would mean that 
the efficiency ol the process is 70 per 
cent In lecenl years Emerson and olheis 
luive reported on the basis oi tesls simi- 
lar to those ol Wail mi g that the energy 
Requirement is 10 to 12 quanta, and (lie 
efficiency is only about 20 to 30 per 
cent. In the debate this summer Emer- 
son and Fi ancle, who has supp oiled his 
findings, were eonhonled with new evi- 
dence that reopened the question. 
Warbiug and Bulk, having conducted a 
new seiies ol cxpeimienls, declared that 
it now appears that photosynthesis re- 
quires only three quanta ol eneigy, 
meaning that its efficiency is better than 
90 per cent. The debate settled noth- 
ing, but it ensuied a vigorous levival ol 
work on this problem. 

Yet tlreie weie plenty of signs at 
Woods Hole this summer that biochem- 
istry may have reached its crest and the 
center of interest in biology may soon 
swing to a more integrated view ol the 
living organism. One sign was the fact 
that a popular topic of discussion this 
summei was Norbert Wiener's cyber- 
netics, which attempts to draw an an- 
alogy between mathematical machines 
and the human nervous system. Biolo- 
gists have long had a deep-i noted dis- 
trust of analogies. Their view is summed 
up in an epigram ci edited to l he late 
geneticist Thomas Hunt Morgan, who 
once lcmarked acidly that scientists who 
compared living systems to machines 
were like “wild Indians who derailed 
tiains and looked for the horse inside 
the locomotive.” Nonetheless, cyber- 
netics and other recent attempts to de- 
scribe the functioning ol the living 
organism as a whole m modern terms 
have definitely aroused the biologists’ in- 
terest, Many of them believe that biology 
may need a new nonbiochemical ap- 
pioach to explain some of the balding 
phenomena that biochemistry itself has 
levealcd, 

Foi instance, biochemists had begun 
to arrive at a picture of the cell as a 
clearly defined unit with a membrane 
like a sausage casing that set a limit on 
the size of molecules that could pass 
through it. But they have now found 
that certain large protein molecules 
manufactured msidc the cell somehow 
manage to escape through the mem-- 
brane, despite the fact that the “holes” 
in it are not nearly large enough Thus 
they may have to revise radically their 
notions about cell structure. Again, the 
1,000 to ’2,000 reactions in a cell, taken 
as a whole, add up to an intricately re- 
lated system that may never be explain- 
able in strictly biochemical terms. 

Thus it may be no accident that biol- 
ogy shows an increasing tendency to 
merge with physics, mechanics and 
mathematics. Many a specialist from 
those fields has moved into Woods Hole, 
which each year becomes, at least in the 
field of science, more and more cosmo- 
politan. 



building, or “Old Main.” On .the upper story of tin* 
building a physiology seminar is in session. On the story 
below a student works in the embrvoloiiv laboratory. 


ENCEPHALITIS 


It is not one but many diseases. Some dangerous epidemic 
forms of it are caused by viruses living in an intricate 
sequence of other organisms, including the horse and man 


E PIDEMIC encephalitis, ol which 
there have been several large out- 
breaks in vanous parts of the 
world during the past quarter century, 
is a hideous and terrifying disease. Mis- 
leading publicity and the lesultant hys- 
teria during epidemics have exaggerated 
its over-all importance as a human killer; 
even m the worst epidemics it affects no 
more than two 01 three persons in a thou- 
sand, and among this relatively small 
number the mortality is usually 5 to 25 
per cent. But the disease is especially ter- 
nfying because it hequently strikes most 
severely among infants and often leaves 
learful permanent effects— spastic paral- 
ysis, delormities, even idiocy. 

Encephalitis simply means inflamma- 
tion of the biain. The particular disease, 
or, more accurately, diseases, that we are 
considering aie a group oi vnus infec- 
tions transmitted by mosquitoes and 
mites or ticks. They infect many animals 
and buds. The chief suffeiers aie horses 
and man; among horses 40 to 90 per cent 
of those affected die oi aie peimanently 
disabled. In man, encephalitis is often 
mistaken for poliomyelitis, for m mild in- 
fections its symptoms aie almost exactly 
like those of mild polio. But severe en- 
cephalitis is very different. In infants its 
onset is generally sudden, the child re- 
fuses to nuise, is shaken with convul- 
sions, inns a temperature ol 105 to 107 
degrees Fahrenheit, turns blue and de- 
velops a number of other diastic symp- 
toms, often complicated by pneumonia. 
Although the child may appear to re- 
cover completely, not infiequently per- 
manent damage to its brain becomes evi- 
dent months later as it fails to develop 
the ability to crawl, walk or talk. Even 
in older children and adults the disease 
runs a violent com se— high lever, excru- 
ciating headache, stupor merging into 
coma, and, if the patient survives, a long 
convalescence. A seveie case of this dis- 
ease is one of life's most unfortunate ex- 
periences. After an experience with a 
single case, it is easy to develop a zeal 
for prevention of the affliction. 

Since about 1930 many scientists have 
devoted themselves to that effort. It is a 
task for epidemiology, which is the study 
not merely of epidemics hut of the natu- 
ral history or “ecology of disease. An epi- 
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by William McD. Ilammon 

demiological investigation is a kind oi 
“Who clone it?” The epidemiologist's job 
is to discover the criminal, learn his 
methods, hung him to trial, and convict 
him, so his activities may thenceforth be 
lestnctecl. 

In this case we have not one culprit 
but several, and a number of accom- 
plices. If our present hypotheses are cor- 
lect, the encephalitic diseases of man 
and hoises lepresent possibly the most 
complex disease cycle so far unraveled. 
The investigation of them lias called for 
many experts representing numerous 
branches ol science, all contributing im- 
pel Unit parts to the whole, Progiess has 
not conic m a regulai sequence, but 
piecemeal here and there, as results ob- 
tained from tracking down an agent of 
the disease in one area have been applied 
to a related agent elsewhere. 

E PIDEMIC waves of “horse plague,” 
“blind staggers” or “brain lever” 
have struck the equine population in va- 
rious parts of the U. S. since the begin- 
ning of the present century. Not until 
1930, aftei thousands of horses weie lost 
to one of these great epizootics m Cali- 
fornia, did Dr. Kail F. Meyer and asso- 
ciates at the University of California 
coiner the first criminal. They found 
that the cause of the California outbreak 
was a filtiable vnus. The disease was 
eventually named “Western equine en- 
cephalomyelitis.” Two years later a sec- 
ond agent, related but different m be- 
havioi, was indicted by Dr. Carl Ten 
Bioeck of the Rockefeller Institute as 
the cause of a more generally fatal hoise 
epizootic in the eastern U. S. This form 
of the disease was called “Eastern equine 
encephalomyelitis.” Since then several 
other members have been added to the 
group' Si, Louis encephalitis, Venezue- 
lan equine encephalomyelitis in South 
America and Panama; Japanese B en- 
cephalitis in Japan, Korea, Chum, other 
parts of the Asiatic mainland and on 
many Pacific islands; West Nile and 
Mengo diseases in Africa; spring-sum- 
mer lick-borne encephalitis and autumn 
encephalitis in the U.S.S.R. In all prob- 
ability other forms will be found. 

After the California group had deter- 
mined that the criminal was a virus, the 


next step was to find out how it was 
transmitted. When experiments showed 
that the virus was not ti ansi cued from 
one hoise to another by contact, good 
epidemiologic reasoning gave use to the 
suspicion that it was canicd by mosqui- 
toes Because mosquitoes of the Arden 
aegypLi species were known to he car- 
riers oi the virus diseases yellow lever 
and dengue, Dr. Raymond Kelsci, then a 
colonel m the Army Veterinary Cmps, 
decided to investigate this species. In his 
laboratory he succeeded in transmitting 
the Western type vims iioin guinea pig 
to guinea pig, and then to hoises, by 
means oi these mosquitoes. Other work- 
ers lound that another Arden species 
could cany the Eastern vnus, and even- 
tually many other species ol Arden were 
implicated as possible eameis. These ex- 
periments supported, hut by no means 
proved, the hypothesis that the nil eel ion 
was actually spread by mosquitoes in 
natuie outside the laboratory. 

Meanwhile Dr. Meyer, carrying out 
studies in the hot, mosquito-ridden San 
Joaquin Valley oi California, stalled an- 
other line of investigation. Until about 
1934 the encephalitis viruses were eou- 
sideied to lie of importance only to 
houses. Di. Meyer wondered whet 1 tor 
they plight also attack mem lie was not 
convinced that all oi the illness being re- 
ported as poliomyelitis was actually po- 
lio. Brum sections he examined at autop- 
sy revealed lesions in human beings 
exactly like those m horses, so he stimu- 
lated efforts among his workers to find 
the equine vims in man. 

In 1933 and 1934, epidemics of hu- 
man encephalitis exploded in Paris, 111., 
and m St Louis, Mo. The latter epidemic 
of 3,000 eases and more than 200 deaths, 
occurring within a lew weeks in the late 
summer, made daily headlines across the 
country and brought together one of the 
largest, most highly integrated teams of 
epidemiologists ami bacteriologists, virol- 
ogists and entomologists over assembled 
at die site of an epidemic. The cause, 
discovered independently in the labora- 
tories of two of the institutions repre- 
sented, was found to be still another 
virus, somewhat like the equine viruses 
in size and in the disease it produced, 
but immunologically unrelated to them. 
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slei at the Roekefellei Institute in New in the laboiatorv, botli to animals and to pimeipallv hum a Held laboialorv in (he 
York all found “equine” viruses in the llieir own offspring. 'I’l a ' wood l it'k was Yakima Valiev of Washington. Even In 



HYPOTHETICAL LIFE CYCLE of tl ic vivas tliiil The principal endemic, cycle (center) circuluUw llie 

causes Western equine encephalomyelitis involves three virus among birds and Culex mosquitoes, The possible 

lesser cycles. The possible reservoir of I he virus [left.) epidemic cycle (right) involves the infection of horses 

is mites, which pass it along to their young and to birds. and men, who transmit vims through i e<len mosquito. 
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ally a graduate student in medical ento- 
mology, W. C. Reeves, who became 
interested in this problem and made ma- 
jor eontLibutions to the studies, directed 
a senes of field laboratories m seveial 
Western states as part of our investiga- 
tion. Other valuable colleagues— physi- 
cians, zoologists, bactenologists, virolo- 
gists and entomologists— joined the group 
for vaiying periods. This continually 
expanding group is still woiking on the 
epidemiology and methods of accuiate 
differential diagnosis of epidemic en- 
cephalitis. Membeis of the unit have 
studied vanous aspects of the disease m 
Washington, Nehiaska. Oklahoma, Ida- 
ho, Iowa, South Dakota, Texas, New 
Mexico, Anzona, California, Japan, 
Korea, China, Okinawa and Guam. The 
work has had support fiom many agen- 
cies, including the National Foundation 
for Infantile Paralysis, the U. S. Army, 
the California State Department of Pub- 
lic Health, the U S. Public Health 
Service, the California Division of Fish 
and Game, the Kem County Health De- 
partment, and the Kern Mosquito Abate- 
ment District. 

From the Yakima Valley, thousands of 
mosquitoes were collected and inocu- 
lated into mice. Up to this time suspicion 
had pointed most strongly to the Aedes 
species. But now St. Louis and Western 
equine viruses were repeatedly discov- 
ered in the previously “unimpoitanU and 
little-studied mosquito Culex tarsalis. 
Aedes , Cuhsata and Anopheles also weie 
eventually found to harbor viruses, hut 
only rarely. Culex pipiens , previously re- 
ported as a laboratory vector bv the 
Japanese, was tested again and found to 
carry the St. Louis vnus, Culex tarsalis, 
however, rapidly occupied the center of 
attention as the most important ciiminal 
in the two diseases present on the West 
Coast. 

Micioscopic examination of the blood 
from hundreds of trapped wild birds and 
domestic fowl in the hot, irrigated val- 
ley areas of Washington and California 
pointed to widespread infection of many 
avian species with both St Louis and 
Western equine virus. Moreover, when 
birds were inoculated by “natural” 
routes {into the skin) with very minute 
amounts of either of these two viruses, 
the virus multiplied rapidly and could be 


found m the blood m large quantities for 
two to fom days after inoculation. Mos- 
quitoes that fed on the buds when vnus 
was cn culatmg m then* blood picked up 
the virus. Later, m the laboiatory, the 
mosquitoes infected other birds 01 mam- 
mals Thus it was shown that birds could 
sene to infect mosquitoes. But were 
thev the chief natural reservoirs of the 
disease? Tests on mammals indicated 
that they too were implicated as hosts. 
When horses were inoculated with St. 
Louis vnus, they showed a high late of 
infection. They rarely revealed symp- 
toms of any disease from this “human” 
virus, but the infection was present 
though not apparent. Thus it was possi- 
ble that these large mammals weie 
sources for the infection of mosquitoes. 

It was important to know whethei in- 
fected people or horses could be souices 
of danger, for if they were, the disease 
must be attacked either by isolating 
them or by immunization, at least of 
horses, on a mass scale. Because expen- 
mental work with horses would have 
been much too expensive, it was neces- 
sary to look for indirect evidence as to 
whether large mammals could infect 
mosquitoes. 

One mdnect means was to examine 
the blood of human encephalitis patients. 
In piactically all cases of Western equine 
and St. Louis infections, man was found 
free of virus m the circulating blood dur- 
ing the early stage of illness. This was 
significant, because it was known that m 
such virus diseases as yellow fever, 
dengue and sand-fly fever, virus is avail- 
able m the patient’s blood during the 
eaily clinical stage. But it was not con- 
clusive, for it remained possible that in 
encephalitis the virus might he present 
in the blood before the onset of the clini- 
cal illness. 

A series of indirect experiments helped 
to clarify the point. By means of direct 
observation and later by precipitin tests 
similar to those used in criminology to 
identify the species of animal from which 
a sample of blood comes, it was deter- 
mined that the Aedes mosquitoes of the 
areas studied were feeding almost en- 
tirely on large mammals, such as cows, 
horses and men. Yet the Aedes were rare- 
ly mfected with the encephalitis virus. 
On the other hand, the Cidex tarsalis 


mosquitoes, which most frequently fed 
on buds, were found infected more than 
10 times as often. Thus it was evident 
that the buds weie a much more likely 
source of the vnus 

The field of suspects was narrowing 
down Which weie the guilty buds? It 
was first assumed that the pnncipal cul- 
prits weie domestic fowl, because of 
then* large numbeis and close proximity 
to men and lioises. Had chickens been 
the chief source of infection, the whole 
disease cycle might have been bioken by 
applying DDT to all chicken houses to 
kill mosquitoes. But a senes of laige field 
experiments cast doubt on this hypothe- 
sis. Liberal DDT spraying of chicken 
houses m an endemic area did not reduce 
infection lates m the mosquitoes or 
chickens. It was cleai that the mosqui- 
toes weie becoming mfected elsewhere, 
foi those entering chicken houses and 
feeding on chickens piobably would not 
suivive long enough foi the growth of 
virus necessary before they could be- 
come infectious. 

Consequently, strong suspicion fell on 
wild birds They could not be pioved 
guilty by blood tests, for the precipitin 
technique, though adequate for identi- 
fying a mammalian species, does not 
satisfactorily distinguish one bird species 
from anothei, since all biid serum pio- 
tems are closely related. To find out 
whether Culex tarsalis mosquitoes fed on 
wild buds to an important degree, the 
investigation turned to another mosqui- 
to-bome disease— bird malaria. Bird ma- 
laria had not previously been found m 
this area. A search for it was made, and 
fortunately it was leadily located, not m 
domestic fowl but m wild birds. Almost 
100 per cent of the small wild buds ex- 
amined harbored the parasites; some of 
the baby birds had even had malaria be- 
fore they left the nest. And systematic 
dissection of mosquitoes showed that 
Ciilex tarsalis was one of the principal 
carriers of malarial parasites. This pioved 
that C, tarsalis was feeding frequently on 
wild birds. Meanwhile house finches and 
English sparrows were inoculated with 
encephalitis virus m the laboratory, and 
it was demonstrated that moie virus 
circulated in their blood than m the 
blood of similaily inoculated chickens. 
So the net of evidence was now strong. 



ELECTRON MICROGRAPH by F, B. Bang and G. O. 
Gey of the Johns Hopkins University Medical School 


reveals virus causing Eastern equine encephalomyelitis . 
Original micrograph magnified virus 15,734 diameters. 
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plainly it was the wild biids that weie 
chiefly lesponsible loi supplying mos- 
quitoes with the virus of encephalitis m 
the endemic areas studied. Domestic 
fowl weie implicated only in a minor 
way, and huge mammals hardly at all. 

A KEY question had still to be an- 
swered. How and wheie did the 
vnus survive dui mg the wmtei? Culex, 
tarsal is does not suivive the winter m the 
adult stage in noithem sections, and no 
encephalitis vims was found m mosqui- 
toes wintering m the mild southern aieas. 
The virus probably did not live thiough 
the wintei m mosquito eggs, foi it proved 
impossible to transmit the vnus thiough 
mosquito eggs m the laboratoiy. Noi, ap- 
parently, did vertebiate animals provide 
it with a wintei home, no latent or 
chiomc infection could lie produced 
with encephalitis vnus in such animals. 

One possible clue was the fact, noted 
earlier, that wood and dog ticks can 
tiansmit the virus to their oflspimg. But 
ticks could not be implicated as hosts nr 
the areas where our woik was done, 
large numbeis of chicken ticks, among 
otheis, were tested, with negative re- 
sults. Another potential host was mites, 
which are known to transmit the lick- 
ettsia of sciub typhus to their offspring. 
So huge numbers ol chicken miles from 
the Yakima Valley were studied, but 
heic again no viius could be detected 
Then Dr. Margaret Smith and her 
eo-woikeis at Washington University 
Medical School discovered chicken 
mites in St. Louis that weie infected 
with St. Louis virus. Later Di. S. Ed- 
ward Sulkrn of Southwestern Medical 
College isolated the Western equine 
virus from these mites m Texas. Dr. 
Smith demonstiated that this mile 
transmitted the virus to its young and 
could transmit it to chickens. 

We now have a fail ly complete pic- 
ture of the probable chief criminals, 
theii habits and the cycle of the crime. 
In at least one disease, St. Louis enceph- 
alitis, evidence indicates that the true 
reseivoirs are tmy, almost invisible mite 
parasites of birds, which do not bite any 
mammal. These mites may pass the in- 
fection along through then* eggs to then 
progeny, without the necessity of any in- 
tei mediate vertebiate host. After an in- 


fected mite bites a bird, vnus appeals in 
the buds blood a few days later, and the 
hud seives m turn to infect certain types 
ot marauding mosquitoes. In the mos- 
quitoes the vnus multiplies within the 
body and eventually invades the salivaiv 
glands, wheie it lests almost indefinitely, 
leady to pass on to anotliei veitebiate 
when the mosquito bites. 

Up to this point, none ot the hosts— 
mite, bird or mosquito— has become no- 
ticeably ill The paiasite, though multi- 
plying millions of times and invading 
many of the hosts’ cells, appeals to be 
entnely haimlcss to them. However, 
should the mosquito select as its next 
host a hoise or a human being, a veiy 
seveie and possibly fatal disease may 
occur. In so tai as the essential biologi- 
cal cycle is concerned, these Luge mam- 
mals aie meiely accidental hosts, they 
do not oidinanly pass the virus on to 
mosquitoes noi to others ot tlieu own 
species thiough direct contact. But they 
are the vulneiable victims of the disease. 

HAT are the expectations foi con- 
trol ol the crime? If mites aie finally 
convicted as the sole winter home lor the 
vnus and if wild bird mites aie definitely 
involved, the possibility of breaking the 
chain by attacking the mites does not 
hold much hope. Even should an aie a he 
freed of mites, the mosquitoes might ac- 
quire the vnus from migrating buds in- 
fected one to four days before in a more 
southern or northern climate 

Horses may be satisfactorily vacci- 
nated against the “equine” viruses by 
annual injections. This vaccine, how- 
ever, though used on a small scale foi 
the protection of laboratory workers, has 
not so far been recommended for the 
annual mass immunization of man. Ex- 
tensive epidemics in man have been rela- 
tively rare, and they are unpredictable. 
The cost and effort of mass human im- 
munization does not seem warranted as 
a public health measure, in view of what 
an equal expenditure of time and funds 
might accomplish m preventing other 
diseases. 

In the better-known endemic areas of 
California, mosquito control, aimed par- 
ticularly at C tarsal is, has made encour- 
aging piogiess m the past three years. 
The local tax-supported programs have 


been assisted by a subsidy of ovei $1 
million by the State of California. Hu- 
man, hoise, chicken and mosquito in- 
fection rates have fallen steadily. In 
Kem County, which m the past has had 
scores of cases of human encephalitis in 
a single year, there weie 15 cases in 
1946, eight m 1947 and only one last 
year. In one uiban area where mosquito 
control has been maintained at the high- 
est level, very little avian malaua and 
no encephalitis was found last year. 

To attribute these gams definitely to 
mosquito control would be piemature, 
tor epidemic and endemic areas may re- 
main lelatively tree ot disease over a pe- 
nod ot a few yeais for completely un- 
known reasons. Japan, for example, suf- 
fered no epidemics throughout the wai 
years, and then had its worst outbieak 
m 1948, when attempts at mosquito 
control, though teiribly incomplete and 
ineffective, were at a relatively high level 
as compaied with previous yeais. Con- 
tinued watching will he essential before 
mosquito abatement can be proved to 
be a sound method of control. 

In oilier portions ot the U. S., much 
less is known about the vectois. Until 
they are identified, control cannot be so 
intelligently earned out. Results ot our 
cuisoiy suiveys m the Midwest and 
Southwest areas and ot observations by 
others suggest at least that the essential 
intermediate infected vertebrate hosts 
and the vectors and reservon aithiopods 
may lie quite different h om those of the 
hot, n ligated valley areas of the Pacific 
Coast states where most of our studies 
have been made. 

The teams of investigatois piobably 
have years of work before them before 
this gi oup of epidemic diseases can come 
under rational control measures, even in 
the U, S. It is reasonable to expect, how- 
ever, that tlieii complex disease cycle 
may eventually be adequately under- 
stood m enough areas to make possible 
effective and relatively inexpensive con- 
trol measures 


William McV . Hammon is profes- 
sor of epidemiology in the Hoopei 
Foundation for Medical Research 
and the School of Fuhlic Health 
at the University of California. 




CHROMIUM-SHADOWED preparation of the slide on suggesting that they reproduce by binary fission, 
the opposite page shows pairs and clumps of viruses Original micrograph magnified virus 10,300 diameters. 
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The meaningless cries of babies fall into some remarkably 
meaningful patterns, the study of ivhich shows differences 
among girls and boys and children of various environments 

by Orvis C. Irwin 


H OW does an infant learn to talk? 
With what phonetic equipment 
does a newborn baby come mto 
the world? How is the baby's I.Q. related 
to his speech? Are there laws of speech 
development? These are questions of 
perennial interest to parents, and they 
pose fascinating pioblems to the investi- 
gator of human development. 

There are two aspects to the question 
of the beginnings of human speech. The 
first deals with the origins of language 
in prehistoric times; the second concerns 
the beginnings of speech, starting with 
the birth cry, m the young child. The 
first aspect is so shiouded in the dimness 
of antiquity that at present there seems 
no hope of achieving a satisfactory solu- 
tion. The second aspect, that of the 
origin and development of speech and 
language in childhood, obviously is open 
to observation. 

For the scientific investigation of 
speech, the first need is a set of accurate 
symbols foi the basic speech sounds, 
just as m physics and chemistry scien- 
tific progress depended upon the inven- 
tion of the periodic table with precisely 
defined symbols for the elements. The 
English alphabet is not a precise scien- 
tific instrument, for one of its symbols 
may stand for several different sounds, 
and, contrariwise, different combinations 
of letters may lepresent tire same sound. 
For example, in the words father, ser- 
geant and hearth the symbols a, e and 
ea, respectively, all are sounded m the 
same way, like die a in ah 

In the International Phonetic Alpha- 
bet, invented about 40 vears ago, the 
speech investigator has a precise tool 
that makes scientific work possible. This 
alphabet, unlike conventional ones, has 
one, and only one, symbol for each ele- 
mental sound. Thus the sound ah is al- 
ways represented by the symbol a. The 
complete alphabet is given in die table 
on the opposite page. In our studies at 
the Iowa Child Welfare Research Sta- 
tion these symbols were used to record 
the first sounds, babblings and develop- 
ing speech of our infant subjects. 

A second necessary tool in this work 
is a manageable unit of observation. This 


was furnished by what is known as the 
lespiratory unit. When an individual 
speaks, his sounds and words are uttered 
on the exhalation phase of breathing. It 
is abnormal to speak while inhaling. 
Thus a baby always vocalizes while it 
breathes out. The breath unit readily 
lends itself to observation In the case of 
an infant, the number of sounds carried 
on a single breath varies from one to 
about half a dozen. And this number of 
sounds is ordinarily well within the at- 
tention span of even an untrained ob- 
server. 

These two experimental tools, the In- 
ternational Phonetic Alphabet and the 
breath unit of observation, have proved 
invaluable for collecting reliable data on 
the beginnings and the acquisition of 
speech. They have permitted systematic 
observation and statistical treatment of 
the results. 

A question fiequently asked about oui 
investigation is, ‘‘Where do you get your 
babies?” Obviously this is the simplest 
aspect of the whole endeavor, for there 
are plenty of babies in the world. How- 
ever, the question does lead directly to 
the general problem of sampling the 
population of babies. One good source of 
subjects is a nursery connected with the 
obstetrical department of a hospital, and 
a great deal of our work has been done 
in this situation. 

The home is another natural labora- 
tory for this work. After a baby is taken 
home horn the hospital, it is visited at 
regular intervals of two weeks or a 
month throughout infancy. At each visit 
a sample of the baby's speech, as uttered 
on a number of breaths, is written down 
m the International Alphabet. If caie is 
taken to select homes of different socio- 
economic status, the speech sound sam- 
ples may reflect a number of variables 
operating in the home situation, and the 
data subsequently may be analyzed in 
terms of these variables. 

We have studied infants' speech de- 
velopment in several other situations, in 
orphanages, where retardation in speech 
is notoriously frequent; in state institu- 
tions for the feeble-mmded; in schools 
for the deaf, where the investigation of 


how childien deaf from bnlh achieve in- 
telligible speech makes a valuable com- 
parison with the development of speech 
m the normal infant. 

T HE earliest sounds made by a new- 
born babe aie monosyllabic cries. 
During the first few days of life the 
infant most frequently gives voice to 
eight distinguishable sounds, which rep- 
lesent about a fifth of the sound elements 
used by adults. These eight include onlv 
five of about a dozen vowel sounds listed 
m the International Phonetic Alphabet, 
and three consonants of a possible two 
dozen. Its most hequent civ by far is ae, 
like the vowel m the word fat; this sound 
amounts to 90 per cent of an infant's 
vowel utterances. In one study involving 
40 babies under 10 days of age, it was 
found to be the only vowel used by all 
the subjects. The other four early vowel 
sounds aie x as in fit, e as in set, a as in 
up and u as in food. The three conson- 
ants are h, 1 and the glottal stop, a con- 
sonant formed by pressure of the breath 
behind the closed glottis. 

Vowels aie usually classified into three 
groups, front, middle, and back, coi re- 
sponding to the paits of the mouth and 
tongue used in then plionation The 
sound i, as m fit, is a front vowel. The 
sound u, as in food, is a back vowel. An 
infant's vowel repeitoire consists mostly 
of front vowels. In its consonant equip- 
ment the opposite is usually true: two of 
the thiee consonants it uses are phonated 
by the back mouth paits, namely h and 
the glottal stop. 

As the infant grows older, non-cry mg 
sounds begin to dominate the cries. The 
soft coomgs and utterances that delight 
parents become more hequent. The 
child achieves increasing control of the 
mouth parts for vocalizing back vowels 
and front consonants— the labials, den- 
tals and postdentals. Then begins a long 
period of meaningless babbling. Bab- 
bling has a real function in speech de- 
velopment; it is a practice period for con- 
trol of the sound elements of language. 
The baby seems to be trying out new 
vowel and consonant combinations in a 
bewildering array. He repeats these 


22 



sounds over and over again on varying 
pitches, with vaiying intensities and ca- 
dences. He mouths them, gets die kines- 
thetic feel oi them with lips, tongue and 
cheeks, and unconsciously and endlessly 
pi notices them. Significantly, after a ycai 
of this, meaningful woids— at first rneie 
appioximations ol woids— begin to ap- 
peal upon the backgiound of infantile 
babbling. 

Meaningful woids appear toward the 
end of the fiist yeai or the beginning oi 
the second yeai oi hie At fiist they con- 
stitute a veiy small pioportion of the 
infant’s vocalization, but dui mg the latei 
pait oi the second yeai they become 
piomment. A woid usually passes 
tin ought an interesting transformation 
At fiist it is a ciude approximation. In 
nurseries the world over, the baby lies m 
a crib and babbles meaningless sounds 
such as "mamamet” oi “adadada Undei 
the coaching of paients, tliese babblings 
aie abbreviated to “mama” and to “dad- 
dy.” This is the way one child learned 
the word milk, at fiist it was “memo,” 
then “mik mik” and finally milk Pillow 
is oi ten pronounced “pido.” In the case 
ol another child, the more difficult woid 
please evolved liom “be” through the 
senes “blc,” “pez,” “pwez” to please. 
Sometimes the fiist words exhibit an 
onomatopoeic chaiactci. Thus a watch 
is a “tick tick”; a dog a “bow wow”; and 
a cow a “moo moo.” 

T here aie no fundamental group 
diflciences m the inherent phonetic 
equipment ol human beings. In the first 
L() days of hie, boys and gills, white 
children and Negioes make pretty much 
tire same sounds. Rut by the time they 
begin to form word patterns, some sex 
differences do appear. For instance, at a 
year and a half, girls exceed boys m the 
ability to use consonants at the begin- 
ning, in the middle and at the end oi a 
word. The mean number of consonants 
used by gills in the initial position is 8.7 
as against 7 7 for boys. For the medial 
position, the mean (or girls is 7 9 and foi 
boys 6.9. In the final position, girls use 
2,9 consonants while boys use 2.4. 

The average eight-month-old child is 
unable to use words. At 10 months he 
piobably will have one word; at 12 
months, about three woids At a year and 
a half, his vocabulaiy may be 20 woids. 
During the next three months it will 
]ump to over 100, and at two yems it 
may contain as many as 250 words. 

The ultimate language problem foi die 
growing child is to i elate words into 
meaningful sentences. His first sentence 
may be a single word; for instance, he 
will use the word “do” to obtain many 
of his demands. From a single woid 
grows a variety of longer sentences. The 
average child's first sentence appears 
soon after the 15th month. At two years 
the average length of his sentences is 1.7 
words. At five it has expanded to 4.6 


a, ai, au, av ,ea, eh, ei, e) 


a, ai, av, e, ea, ei 


6, bb 


ch, tell, te, ti, tu 


d, dd, ed 



a, ae, ai, ay, o, ea, ei, eo, ic. oe, u 


ae, ay, c, ea, c<\ ei, eo, ey, 1 , ie, oe 


/, ff, gli, ph 


gg, gli, gu, gue 


h, wli 


e,ee, i, ie, o,u,m,y 


ai, a> , ei, av , 1 , le, uy, y, j e 


ch, d, dg, dgc, di, g, gg, j 


ce, ceh, eh, ck, cq, cque, eu, gh. A, qu 


chm, gin, 1m, m, mb, mm, inn 


gn, kn, n, nil, pn 


n, ng, li gue 


au, eau, eo, ew, o, oa, oe, oh, oo, ou, ow 


(t, ah, al, au, aw, o, oa, on 


eu, cw, o, oc, oo, ou, u, ue, m 


ou, ough, oie 


P» PP 


r, rli, rr 


c, ce, s, sc, sell, ss 



ce, ch, ci, peh, s, sell, sci, se, sh, si, ss, ssi, ti 


ed, ght, t, tli, it 


ih 


th, llie 


o, oe, oo, ou, u 


eau, eu, eue, ew, leu, lew, it, ue,m; yu, yew, 
you 


er, ear, lr, or, our, ur, yr 


f, ph, d, vv 


& h y 


, 8C, BS, X, Z, 22 


g, S, St, Z, Z1 



a, ai, e, ei, eo, i, ia, o, oi, ou, u 


ate, ram, gauge, ray, steak, eh, v eil, obey 


dare, chair, prayer, tliere, wear, their 


father, sergeant, hearth 


bed, hobby 


chief, catch, righteous question, natural 


do, laddei, pulled 


any, aesthetic, said, savs, ebb leather, heifer, 
leopard, friend, foetid, bury 


Caesar, quay, equal, team, see, deceive, people, 
key, machine, field, .mioeba 


feed, mulhn, tough, physics 


give, egg, ghost, guard, demagogue 


hit, who 


England, been, it, sieve, women, busy, build, 
hymn 


aisle, aye, height, eve, ice, tie, buy, sky, lye 


Greenwich, graduate, judgment, bridge, sol- 
dier, magic, exaggerate, just 


car, account, bacchanal, character, back, 
acquaint, sacque, biscuit, hough, kill, liquor 


live, call 


did ehm, paradigm, calm, moie, Inub, hammer, 
hymn 


gnat, knife, not, runner, pneumatic 


pink, nng, tongue 


wander, box 


hautboy, beau, yeoman, sew, note, road, toe, 
oh, luooch, soul, How 


tall, Utah, talk, fault, raw, order, broad, fought 


maiieuvei, giew, move, canoes ooze, troupe, 
rule. Hue, fruit 


volf, look, should, pull 


oil, tov 


out, bough, brow 


pen, stopper 


red, rhythm, carrot 


city, mice, see, scene, schism, loss 


ocean, machine, special, pshaw, sugar, schist, 
conscience, nauseous, ship, mansion, tissue, 
mission, mention 


talked, bought, toe, thyme, bottom 


thin 


then, bathe 


son, does, flood, couple, cup 


beauty, feud, queue, few, adieu, view, use, cue, 
suit; yule, yew, you 


term, learn, thirst, worm, courage, hurt, myrtle 


of, Stephen, visit, flivver 


choir, quiet, well 


lorgnette, union, hallelujah, yet 


lias, discern, scissors, Xerxes, zone, dazzle 


garage, measure, division, azure, brazier 


alone, mountain, system, mullein, dungeon, 
easily, parliament, gallop, porpoise, curious, 
circus 


ar, er, ir, or, our, ur, yr 


liar, father, elixir, labor, labour, augur, martyr 


INTERNATIONAL PHONETIC ALPHABET is an indispensable tool in 
the study of infant speech* In it there is only one symbol for each of the 
elemental sounds that can be uttered by the human voice. A baby is able to 
make from one to six such elemental sounds during a single exhalation. 
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woids The 10 wards most often used in 
constructing the first sentence are. “I,” 
“is” “it,” “you,” ‘That,” “do, “a/ this, 
“not” and “the.” Nouns and veibs at fiist 
are used more frequently than adjectives 
and connectives. 

N OW the question of primary scien- 
tific interest is* Does infant speech 
exhibit anv degree of orderliness m its 
development, m othei woids, aie there 
any discernible natural laws governing 
the emergence of speech patterns? To an 
untrained observer, infantile babbling 
seems to be simply an amorphous mass 
of sound, incoherent, unintelligible, cha- 
otic, at times monotonously repetitive, at 
other times m a maivelously complex 
state of flux On the face of it there seem 
to be haidly any regularities m it. Yet it 
has been found to be quite orderly, and 
its investigation has yielded a numbei of 
statistical laws 

To understand this statistical analysis, 
a few definitions of terms used by work- 
ers in this field will help. The elemental 
speech sounds are called phonemes For 
present purposes a phoneme will be des- 
ignated as a phoneme type. The vowel in 
the woid “hat” is a phoneme type, as is 
each of the consonants in the word. The 
term type, then, refers to the speech 
sounds listed m the International Pho- 
netic Alphabet. Another term employ ed 
is frequency, which refers to the number 
of times a type qccuis. 

Suppose we ha\ e painstakingly visited 
about 100 babies m their homes twice 
each month from birth to two and a halt 
years of age At each visit all the sounds 
"that the child utters on, say, 30 breaths 
have been recorded. Then our data will 
consist of sounds on 30 breaths for each 
of the 60 visits during the 30 months of 
the period studied Foi statistical con- 
venience, instead of analyzing the prog- 
ress of the 100 infants month by month, 
let us consolidate the data into two- 
month intervals or age levels. This will 
give us 15 age levels with which to work. 

If we now average the number of 
phoneme types, or kinds of sound, ut- 
tered by the 100 babies at each of the 
15 two-month, age levels, we will find 
that the mean number increases from 
age level to age level. The number rises 
at a regular rate, which is defined bv 
the following mathematical equation. 
N=7 53A 4 ' 1 . N stands for the number 
of types, and A for the age This equa- 
tion tells us that the number of phoneme 
types equals 7.53 times the age laised to 
.471 power, and that a curve plotted 
from this equation will be a paiabola. 

The curve affords a picture of the na- 
ture of speech development during in- 
fancy. It shows that infants during the 
first two months of life use on the aver- 
age about seven and a half sounds. At 
the end of two and a half years, the 
average infant uses about 27 sounds. 
Now there are about three dozen pho- 


nemes m the International Alphabet 
The curve thus tells us that on the aver- 
age the baby of two and a half years 
vocalizes only about two thirds of the 
sounds he will later use, so that the 
achievement of a full complement of the 
phonetic elements is still a matter of fur- 
ther development. 

The curve also indicates that piogiess 
is not made m equal inciements If the 
increments weie equal, the curve would 
be a straight lme It is, however, a de- 
celerating cun e, which means that al- 
though the baby continues to increase 
his mastery of new sounds, he does so 
at a steadily declining late This matter 
of rate is important to paients The aver- 
age paients are tiemendouslv concerned 
to know whether their child is “keeping 
up,” oi why the youngster next door is 
“ahead of” - then child. The equation, 



DEVELOPMENT OF SPEECH in 
children of professional families 
i solid line) is somewhat faster than 
that of those in laborers* families. 

then, is a precise formulation of a con- 
cern vital to every paient and, as we 
shall see later, may be used to establish 
a fairly accurate answer to a parent's 
questions about his child's pi ogress. 

In the acquisition of new sounds, in- 
fant girls show a superiority' to hoys. In 
the first y ear there are no sex differences 
in development, but theieaftei there is 
an increasing tendency for girls to sur- 
pass boys. 

When we considei the frequency, or 
the numbei of times the phoneme types 
are used, the situation is reversed. Now 
the boys advance more rapidly than the 
girls, m other words, they use fewei dif- 
ferent sounds, but they do more talking. 
For bo tli boys and gnds, the frequency 
rates form accelerating curves, m con- 
trast with the decelerating curves for 
phoneme types. This means, of course, 
that the babies use the sounds they have 
acquired more frequently as they grow. 

Thus on the basis of two different 
criteria of speech development, we see 
that the early incoherent efforts of in- 


fants towaid tiue speech are not as amoi- 
phous oi as chaotic as eveiyday obseiva- 
tion might suggest. 

With the equations thus developed, 
we can study the differences m speech 
development of infants in different home 
environments A compaiison of the 
speech of babies of working-class fami- 
lies with those whose fathers are doctors, 
lawyers, teachers or business owners is 
shown m the chart on this page. These 
curves are based on the frequence erite- 
non of speech development Bv this cri- 
terion the speech development of babies 
m homes of workeis is considei ably lie- 
low that of the professional group One 
suggested explanation is that the expe- 
nence of the vvoiker’s child is more 
manual, while the envuonment m the 
professional household is highly verbal 

We have found that low-grade feeble- 
minded children, that is, idiots and im- 
beciles, m the fouith yeai of life possess 
the speech-sound status of year-old in- 
fants When these children weie exam- 
ined a year later, they had made no 
progiess whatever This degree of speech 
retardation is practically hopeless. A 
study is now being made of what corre- 
lation exists between intelligence and 
speech development m noimal infants. 

It speech development is really sub- 
ject to natural laws, it should be possible 
to diagnose the speech-sound status of 
any infant and determine whether it is 
letarded, normal oi advanced Suppose 
a mother asks us to tell her whctliei hei 
18-month-old child is progressing nor- 
mally m its speech development. The 
piocedure would be to obtain several 
samples of the child's speech sounds 
horn which to determine its average 
phoneme frequency. Suppose this value 
is 100. This would intersect the average 
curve for all childien of 18 months at 
the 50th percentile, or the median, mean- 
ing that the child's development is per- 
fectly normal. In fact, if its value fell 
between the 25th and 75th percentile 
lines, the infant's speech-sound status 
would be considei ed aveiage. If the 
value fell between the 75th and 90th 
percentile euives, the child would be 
considered above average, above the 
90th percentile it might be considered 
very advanced. If, on the other hand, it 
fell below the 10th percentile, the infant 
would be diagnosed as greatly retarded 
It appeals that at least some progress 
has been achieved m finding the an- 
swers to a few of the questions concern- 
ing the beginnings and subsequent de- 
velopment of speech m the human being. 
The next step m this enterprise is to dis- 
cover i © medial measures for babies 
whose speech seems to show retardation 


Oms C. Irwin is research asso- 
ciate professor of psychology in 
the Iowa Child Welfare Research 
Station at the University of Iowa. 
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Fiames of movie film, taken with Kodak High Speed Camera, show a desk- 
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NO Oil CHANGE, 
EOR£(/0&' 

Dow Corning 200 Silicone Fluid Adds 
Years Of Life To Oil Burner Fan Motors 



Photo courtesy Bfeese Burners, Inc 

Bee rings of the BREESE DRAFBOOSTER oil 
furnace fan motor are lubricated with DC 
200 Silicone Fluid to give years of satisfac- 
tory maintenance-free service. 

Breese Burners, Inc , Santa Fe, New Mexico, 
manufactures the Drafbooster, one of the 
best fan motors available for oil-fired fur- 
naces. Years of research and testing are 
incorporated into the design of this effi- 
cient unit and only high grade materials 
are used in its construction. Breese engi- 
neers learned, however, that in spite of 
well written instructions, few customers 
bothered to change oil each year. After 
two or three years 7 use, the oil was so 
badly oxidized and carbonized that the 
entire unit had to be replaced, 
in 1944 Breese engineers obtained a sample 
of low viscosity DC 200 Silicone Fluid and 
subjected it to accelerated breakdown tests 
similar to those set up for testing the 
mineral oils Breese had been using. 

M. D. Huston, Mgr. Sales Engineering for 
Breese, hod this to say about the breakdown 
testing: "To our great surprise, the silicone 
fluid worked perfectly and showed no signs 
of oxidation or other deterioration. We 
immediately put Drafboosters containing 
DC 200 on lifetime field tests under the 
most severe operating conditions. A reCent 
check of one unit which has been working 
since 1944 revealed the DC 200 Silicone 
Fluid is sftll just as good a lubricant as 
when it was put in. In August, 1948, we 
standardized on DC 200 Fluid far all our 
Drafboosters/' 

For more information about Dow Corning 
Silicones coll our nearest branch office or 
Write for our 32-page booklet 20-AD9. 

DOW CORNING CORPORATION 
MIDLAND, MICHIGAN 

Atlanta « Chicago * Cleveland * Dallas 
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In Canada; Ftberglas Canada, Ltd., Toronto 
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Television and the Family 

I N nearly two million U. S. homes, the 
flickering screen of the television set 
has paralyzed the family in its chairs. 
Obviously it is about time somebody be- 
gan to measure the impact of this new 
social force, and some preliminary data 
are now at hand. Under the sponsorship 
of the Columbia Broadcasting System, 
the Rutgers University sociologists J. W. 
Riley, R. F. Cantwell and K. F. Ruttiger 
studied a sample group of 278 television- 
owning families m a small Eastern city 
for a period of two months and com- 
pared them with a like group of non- 
owners. 

The investigation documented one 
fact of which parents were already 
aware, that television’s most powerful 
impact is on the children. Youngsteis 
with a set in the house average more 
than two hours of watching each evening 
—and aie remarkably difficult to put to 
bed. One measure of its comparative 
fascination for children is the fact that in 
households without television sets the 
children average only half an hour of 
radio listening an evening. 

The Rutgers investigators found that 
the acquisition of a television set cut 
heavily into the time a family spent m 
movie-going, listening to the radio and 
attending sports events— but after six 
months, when the novelty had worn off, 
attendance at sports events rose again. 
Television families also did much less 
visiting, and it was statistically demon- 
strated that they had more visitors. Ap- 
parently television did not greatly re- 
duce a family’s reading or participation 
in sports. 

Perhaps the most surprising finding 
was the difference in the hold of tele- 
vision on different social groups. Own- 
ership of television sets was of course 
proportionately higher in the higher in- 
come groups, but the proportion of low- 


SCIENCE 11 


income owners is rising. The investi- 
gators found, however, that families 
with little education lose interest m 
television piograms sooner than the bet- 
ter educated. .Among families whose 
adults had only a grammar-school educa- 
tion, 80 pei cent were found using their 
television sets on any given evening dur- 
ing the first few months of ownership, 
but after six months the proportion 
diopped to 53 per cent In college-edu- 
cated families, the use of the set dropped 
only from 74 per cent at the beginning 
to 67 per cent after six months. 

Man Bites Publisher 

U S. PHYSIOLOGISTS have for 
• years been kept busy defending 
themselves against the unflagging anti- 
vivisection campaigns of the Hearst 
newspapers, which have not only made it 
difficult to procure animals for research 
but have reflected on the personal char- 
acter of many investigators. Last month 
the physiologists made the “man-biles- 
dog” type of news by taking the offensive 
against their attacker. Through the in- 
itiative of the National Society for Medi- 
cal Research, their defense organization, 
they filed two million-dollar libel suits 
against William Randolph Hearst and 
the Hearst Publishing Company, Inc. 

In one suit, N. R. Brewer, physiology 
lecturer and director of the animal quar- 
ters at the University of Chicago, asks 
damages because an aiticle m Heaist’s 
Chicago Hei aid- American described him 
as a “torturer,” “sadist” and “cruel ex- 
perimenter.” The author of the other suit 
is Vn-gil H. Moon of the Wake Forest 
College Medical School. Some time ago 
the Herald- American quoted Moon as 
having said m an interview that ani- 
mal experimentation is useless. The 
scientist dechues that the intei viewer 
“maliciously misrepresented his views” 
and seriously damaged his standing in 
his profession. 

The National Society is preparing two 
more suits against Hearst. “Other suits 
will follow if necessary,” said the Soci- 
ety’s president, Anton }. Carlson of the 
University of Chicago. “Medical science 
refuses to be ‘the goat’ any longer for 
the ugliest and most baseless vilification 
campaign of our times. A counter- 
attack in the couits will be pursued to 
the utmost.” 

Atomic Energy 

T HE richest source of uranium in the 
Western world is the Shinkolobwe 
mine in the Belgian Congo. The mine 
is controlled and operated by a part- 
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ly British-owned company, the Union 
Mmieie cle Haute Katanga On August 1 
the conti act between this company and 
the U S Atomic Energy Commission, 
by which the U. S. has received its chiei 
supplies ol uranium, expned. This ap- 
peals to be the chief piecipitatmg factoi 
behind the recent series of secret top- 
level discussions among U, S , British 
and Canadian officials on atomic eneigy 
policy. 

Because ol uranium’s gieat stiategic 
impoi.anee, the mineral lias been re- 
moved fiom lree commeice virtually all 
ovei the woilcl Among the Western 
nations it is sold m a stuctly closed, 
conti oiled maiket prices aie fixed, and 
in effect all supplies aie allocated by 
agieement between the U. S. and Great 
Britain. Thus the expiiaiion ol the Bel- 
gian Congo contract has pi o video! the 
British with an effective occasion for ask- 
ing for a leview of then present limited 
paiticipation m atomic eneigy develop- 
ments. 

The lull paitnership m this field that 
existed during the war among the U. S., 
Britain and Canada was radically alteiecl 
by the Atomic Eneigy Act ol 1946. The 
law ended the fiee exchange ol mlorina- 
tion among atomic scientists of the thiee 
countries, and since then they have gone 
separate ways m their follow-up re- 
seaich Now the British want to resume 
a closei paitnership. In return for con- 
tinuing to allow the U. S. to buy the 
majoi output of the Belgian Congo mine, 
they apparently would like some infoi- 
mation on lecent U. S. work m atomic 
energy, including weapons, and peihaps 
some important U S. -produced mate- 
1 fills, such as plutonium. The British veiy 
likely have also pointed out that they 
can offer, as an additional quid pro quo , 
some valuable information that they and 
the Canadians have developed m their 
atomic energy research. 

The situation has all the makings for 
a solid impasse m the coming months. 
President Tiuman has assured Congress 
that no seciet information will be given 
to the Butish without the consent of 
Congress. Two members of the Joint 
Congressional Committee on Atomic En- 
ergy— Senators Bouike B, Hickenlooper 
of Io\Va and William F Knowland of 
California— have announced their oppo- 
sition to giving such information. If the 
British were to take an equally uncom- 
promising position on Belgian Congo 
uranium, U. S. uranium sources would 
become severely limited. Many U. S. po- 
litical strategists doubt, howevei, that 
the British would go so far, in view of 
their need for Marshall Plan assistance. 

In the sixth semi-annual report of the 
Atomic Energy Commission, issued last 
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month, the Commission laid some stress 
on its work in developing uranium re- 
sources in Colorado. It reported that 
there was enough uranium m the car- 
notite rocks theie to supply U. S. needs. 
But the camotite ores are of such low 
grade that an investment of hundreds of 
millions of dollars would be required to 
extract the metal in sufficient quantity. 

Meanwhile three researchers an- 
nounced that they had developed a new 
process for punfying thorium, another 
potential source of nucleai fuel. Thorium 
can be converted into fissionable ura- 
nium 233. It is a plentiful element, large 
amounts of it aie available m black beach 
sands in Brazil and India. The metal has 
been difficult to punfy because it has a 
tendency to foim gelatinous compounds 
that clog chemical apparatus and hold 
large amounts of impurities. The new 
process, devised by Louis Gordon and 
C. H Vanselow of Syracuse Umveisity 
and H H Willaid of the University of 
Michigan, pioduces dry thorium salts. 

The AEC’s sixth semi-annual report 
I announced continued gains m improving 
the production and i educing the costs 
of the fissionable matenals uianium 235 
and plutonium. It also disclosed that 
the Western Electric Company and Bell 
Telephone Laboratories had taken over, 
as contractors, the operation ol the AEC 
centei at Sandia, N M., which has now 
become the principal center for the 
manufacture of atomic bombs. 

The sixth semi-annual repoit was de- 
voted m the mam to a leview of the 
AEC’s woik in biology and medicine. Its 
chief item of news the maximum safe 
limit of exposure to radiation, which has 
been one tenth of a unit per day since 
the beginning of the atomic eneigy 
project, is to be reduced to about half of 
that amount— three tenths of a unit per 
week. AEC investigators recently discov- 
ered that a tenth of a unit of radiation 
per day may reduce feitility and produce 
tumors in animals, 

f/.S.S.jR. Steel Plunge 

S TEEL technicians m the U. S. have 
experimented for some time with the 
use of oxygen to impiove the efficiency 
of blast furnaces. They have shown that 
enrichment of the blast with oxygen 
substantially increases a furnace’s pro- 
duction of pig n*on. But because the tech- 
nique requites expensive alterations m 
existing blast furnaces and has not dem- 
onstrated any appreciable saving of coke, 
it is still considered only an experiment 
in die U. S. 

Now die U.S.S R. is reported to be 
making a bold investment in die idea. It 
is said to be spending the equivalent 
of $2 billion on the construction of new 
steel plants in the Donbas and Soviet 
Asia that will use the oxygen process. 
The authority for this report is Gerald 
Oster, physical chemist of the Univer- 
sity of London, who described the 
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project m the Annals of the Ameiican 
Academy of Political Science 

Petci Kapilza, the U.S.S R \s leading 
physicist, is said to have designed a tui- 
bme that will pioduce pine oxygen 
cheaply and m laige quantities. Aceoid- 
mg to the Russians, the oxygen blast 
furnace technique that they have devel- 
oped, the details of which aie not stated, 
1 educes the cost of steel-making by 25 
to 30 pei cent. 

Another majoi technical development, 
which may have a direct bearing on the 
USSR project, has been leported by 
Noiway. This is a process that may vastly 
mciease the supplies of coke. A huge 
pait of the world’s bituminous coal re- 
souices have lntheito been classed as 
“non-coking ” These, coals break up into 
dust when they are heated with con- 
ventional coke-making piocesses that 
duve off the watei and volatile oiganie 
substances. A way to make coke hom 
“non-coking” coals, developed by a Noi- 
wegian electiochemical firm, was re- 
ported to a xecent world-wide scientific 
conference at Lake Success sponsoied by 
the United Nations. Bituminous coal is 
eiushed and pressed into briquettes, 
which are then heated slowly m an 
electiic fuinace. The lesultmg coke 
briquettes meet the exacting require- 
ments of a blast furnace. The process is 
practical whoever cheap water powei is 
available. 

Suits Closest Neighbor 

A STRONOMERS have hunted m vain 
- for centimes for some body m the 
solar system that might appi oaeh the sun 
more closely than the planet Merciuy, 
whose mean distance fiom the sun is 36 
million miles. Now Walter Baade oi 
Palomar Observatoiy has found one. It is 
an asteroid, only nine tenths of a mile 
in diameter, which in its great elliptical 
oibit sometimes comes withm 22 million 
miles of the sun. 

In the 19th century an obscure French 
village doctor named Loscarbault 
claimed the discoveiy oi a new planet 
between Mercury and the sun. The sup- 
posed planet, named Vulcan, was be- 
lieved to account for ceitam unexplained 
perturbations m Mercuiy’s orbit But 
Lescarbaulds planet was nevei found by 
any other obseiver. In 1878 the Univer- 
sity of Michigan astronomer James 
Craig Watson saw two planetlike bodies 
near the sun during an eclipse, and 
during the same eclipse Lewis Swift, 
another American astronomei, leported 
seeing a third body. None of the three 
was ever seen again, however, and 
astronomers concluded that they were 
actually stars. The mystery of Mercury's 
apparent perturbations was finally 
cleared up by Albert Einstein's revision 
of Newtonian gravitation in his general 
theoiy of relativity. 

The new asteroid, found with Palo- 
mar's big Schmidt photographic tele- 
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scope, is certainly not one of the objects 
seen bv Watson 01 Swift. It is too small 
to have been detected with theii equip- 
ment. Discovery of the asteroid will help 
to determine the mass of Mercury more 
precisely. The asteroid's football-shaped 
01 bit varies in distance from 22 million 
to 156 million miles from the sun. Its 
closest appioach to the earth is four mil- 
lion miles. 

The Bee Work Goes On 

T HE remarkable studies of the lan- 
guage of bees by the Austrian zoolo- 
gist Karl von Frisch [Scientific Ameri- 
can, August 1948] have evoked both 
admiration and skepticism among biolo- 
gists. One of the skeptics, the British 
zoologist W. H. Thorpe of Cambridge 
University, went to von Frisch's labora- 
tory m Graz last year to see for himself. 
He returned an enthusiastic supporter of 
von Frisch's ‘‘astonishing” and ‘revolu- 
tionary” findings. In the British journal 
Nature he declares himself convinced 
by the Austnan investigator's “very im- 
pressive evidence.” 

Von Frisch has shown by a number of 
careful experiments that bees returning 
to a hive inform their fellow bees of the 
distance and direction of a feeding place 
by means of wagging dances on the 
comb. Using the sun as a pomt of ref- 
erence, they indicate the direction by 
the angle at which they pomt m their 
dance on the vertical comb. Thorpe was 
most impressed with some recent work 
by von Frisch which proved that the 
bees are sensitive to polarized light m 
the sky. Even when they can see only a 
patch of blue sky from the hive, the bees 
can determine the position of the sun by 
the polarization of light from the patch 
of skv, and they change the direction of 
theii wagging dances when the polariza- 
tion changes. 

Thorpe concludes. “The performance 
of the waggle dance on the vertical comb 
is so remarkable that we are forced to 
ask ourselves whether, apart from hu- 
man faculties, there is anv tiling com- 
parable known in the animal kingdom; 
for I think it may be said that the per- 
formance of the worker hive bee is essen- 
tially an elementary form of map-making 
and map-reading. . . . [von Frisch's] 
work poses tremendous problems for the 
neurophysiologist and psychologist [and 
requires] a reconsideration of some of 
the most fundamental concepts used in 
our explanations of the behavior of in- 
sects and other annuals ” 

Cell Analyzer 

A HIGHLY sensitive new instrument 
for analyzing the chemical compo- 
sition of cells has been developed by 
Arthur W. Pollister of Columbia Univer- 
sity. It makes use of the fact that proteins 
and nucleic acids, the most important 
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We hear on every side that the American 
Way of Life is in danger. I think it is. I also 
think that many of those who talk the 
loudest about the dangeis to the Amencan 
Way of Life have no idea what it is and 
consequently no idea what the dangers aie 
that it is in. 

You would suppose, to listen to these 
people, that the American Way of Life con- 
sisted in unanimous tribal self-adoration. 
Down with criticism; down with protests; 
down with unpopular opinions; down with 
independent thought. Yet the history and 
tradition of our country make it perfectly 
plain that the essence of the American Way 
of Life is its hospitality to criticism, pro- 
test, unpopular opinions, and independent 
thought. A few dates like 1620, 1776, and 
1848 are enough to remind us of the motives 
and attitudes of our ancestors. The great 
American viitue was courage. 

We ought to be afraid of some things. We 
ought to he afraid of being stupid and un- 
just. We are told that we must be afraid of 
Russia, yet we are busily engaged in adopt- 
ing the most stupid and unjust of the ideas 
prevalent in Russia, and are doing so in the 
name of Americanism, The worst Russian 
ideas are the police state, the abolition of 
freedom of speech, thought, and association, 
and the notion that the individual exists 
for the state. These ideas are the basis of 
the cleavage between East and West, 

Yet every day in this country men and 
women are being depiived of theii liveli- 
hood, or at least tlieir leputation, by un- 
substantiated charges. These cliaiges are 
then treated as facts in further charges 
against their relatives or associates. We do 
not thiow people into jail because they are 
alleged to differ with the official dogma. 
We throw them out of work and do our 
best to create the impression that they tue 
subversive and hence dangerous, not onb 
to the state, but also to everybody who 
comes near them. 

The result is that every public servant 
must try to remembei every tea party his 
wife has gone to in the past ten years and 
endeavor to recall what representatives of 
which foreign powers she may have met on 
these occasions. A piofessor cannot take a 
position on any public question without 
looking into the background of everybody 
who may be taking the same position on the 
same question. If he finds that any person 
who is taking the same position on this 
question has been charged with taking an 
unpopular position on another question, 
the professor had better not take any posi- 
tion on this question, or he may he haled 
before some committee to explain himself. 

Is this the American Way ol Life? 
The gieat American word is freedom, and 
in particular, freedom of thought, speech 
and assembly. Asserting the dignity of man. 


Hill 
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and of every man, Ameiica has piocLumed 
and protected the freedom to diftei Each 
man i& supposed to think foi himself The 
sum of the thoughts of all is the wisdom of 
the community Difference, disagi cement, 
discussion decided by democratic piocesses 
are required to bung out the best in the 
citizens. America has grown stiong on 
criticism ft would be quite as consistent 
with the Ameiican Way of Life to offer 
prizes ioi the most penetrating cnticism of 
oui countiy as lL w r ould he to offei prizes to 
those who have done the best job of adver- 
tising it. 

The heait of Ameiicanism is independent 
thought The cloak-and-stiletio work that 
is now going on will not mei ely mean that 
many peisons will suffer for acts that they 
did not commit, 01 for acts that weie legal 
when committed, or lor no acts at all. Far 
worse is the end result, which will be that 
ciitics, even of the mildest soit, will be 
frightened into silence. Stupidity and in- 
justice will go unchallenged because no 
one will daie to speak against them. 

To persecute people into conformity by 
the non-legul methods popular today is little 
bettei than doing it by purges and po- 
groms. The dreadful unanimity ol tubal 
self-adoraLion was characteristic ol the Nazi 
state. It is sedulously iosteied in Russia. It 
is to the last degree un-Ameiican. 

American education has not been <on- 
structecl on such un-American principles. 
In general, the piactice has been to give the 
student the lacts, to try to help him learn 
to think, and to urge him to icach his own 
conclusions. It is not surprising that the 
heart of Ameucan education is the same as 
that of Ameiicanism: it is independent 
thought. Ameucan education has not tiied 
to pioduce indo climated automatons, but 
individual’s who can think, and who will 
think always for themselves. The basic 
principle of Ameiican government, and one 
that accounts foi the importance of educa- 
tion in this countiy, is that if the citizens 
learn to think and if they will think foi 
themselves, the Republic is secure. The 
basic principle of the Russian dictatorship 
r * s that the people cannot think or cannot 
he Li listed lo think for themselves. 

The American doctrine lests on the prop- 
osition that it is the individual m himself 
that counts. It is not who lus father was, 
or how much money lie has, 01 what Ins 
coloi or need is, or what party he belongs 
to, 01 who his friends are, but who and wliat 
is lie? So the test of a teacher is whether he 
is competent. The piofessional competence 
of a teacher is hardly a question on which 
by bodies, oi even administrators oi 
trustees, would wish to pass without the 
advice of persons pi ofessionaliy competent 
in the teacher’s field 

If we apply any other test than com- 


petence in cletei mining the qualifications 
of leatheis we shall find that pressures and 
prejudice will determine them. In 1928 it 
was said that A1 Smith could not be Piebi- 
dent because he would be subset vient to a 
foreign power, and today in many places, 
and if not today it may happen tomorrow, 
anti-Catholic oi anti-Jew ish campaigns may 
mean that teachei s w ho belong to those 
dun dies will not he able to piactue then 
pi ofession 

Teachei s may be expected to obey the law 
of the land BuL it is still permissible, I hope, 
to ask whether a law is wise. To discriminate 
against teachei s — lo act as though they were 
all disloyal — and to put them under special 
legal disabilities seems injudicious if we 
want able, independent men to go into the 
teaching profession 

The assumption appears to be that Ameii- 
can education is full of Reds, an assumption 
that is the precise reveise of the tiuth. All 
the excitement of the lasL few years, all 
the healings, investigations, and publicity 
releases, have not turned up more than tout 
or five Communist piofessoxs, even though 
membership in the Party has been per- 
fectly legal up to now. To require oatlis of 
loyally fiom all because of the eccentricity 
ol an infinitesimal minority is an unneces- 
sary and derogatory act. And of course it 
will not effect any useful purpose; lor 
teachei s who aie disloyal will be dishonest; 
they will not shrink from a little peijuiy 

The way lo fight ideas is to show that you 
have hetlei ideas. No idea is any good un- 
less it is good in a crisis. You demonstrate 
the failure of yout ideas if, when the crisis 
comes, you abandon them or lose faith in 
them oi get confused about them to the 
point of forgetting what they are The Amer- 
ican idea is freedom. Freedom necessarily 
implies dial die status quo may come undei 
the criticism of those who think it can be 
impioved. The American idea is that the 
state exists for its citizens and that change 
in society must occur to meet then develop- 
ing needs The whole theory of our form 
of government is a theory of peaceful 
change. Many of the changes that Marx and 
Engels demand m the Communist Manifesto 
have taken place in this country, and they 
have taken place without communism, with- 
out dictatorship, and without i evolution, 
thus disproving, incidentally, one of the 
central theses of Maix and Engels, that such 
things cannot be accomplished without com- 
munism, dictatorship, and revolution. 

These reflections on the Communist Man- 
ifesto lead me to say that labeling some 
dung or some man communist because com- 
munists happen to favoi it or agree with 
him, that easy pi o cess by which one disposes 
of different views by applying a dirty name 
to them, involves the negation of thought 
of any land. If it had been applied con- 
sistently m American history it would have 


depnved us of some ideas and some men 
that we aie pioud to think characteristically 
Ameiican For example, the Communist 
Manifesto demands fiee education for all 
Aie we therefore to lecant, and renounce 
om doctrine for fiee education for all? 

And what would the F.R.I. say of Thomas 
Jeffeison, who calmly remarked in his Fust 
Inauguial, ‘'If theie be any among us who 
wish to dissolve this union, oi change its 
republican foim, let them stand un dis- 
tal bed, as monuments of the salety with 
which enoi of opinion may be tolerated 
wheie leason is left fiee to combat it.”? 

Jefferson was not in favor of i evolution; 
he was serene in the lace of talk of it be- 
cause he had confidence in om people, in 
our institutions, in democracy, and m the 
value, power, and lesults of independent 
thought. 

We aie now in the midst of a cold war 
We mii&t protect out selves against external 
enemies, their representatives m this coun- 
try, and any citizens who may be conspiring 
to overthrow or betiay the government. But 
the statute books are already filled with 
laws directed to these ends. It has never 
been shown that theie are so many spies oi 
traitois in this countiy, or that the external 
danger is so great and imminent that we 
have to divert the entire attention of oui 
people into one gieat repressive preoccupa- 
tion, into one great counter-revolution m 
which the freedoms of our citizens must he 
thrown oveiboard as too buidensome far 
the floundeiing ship of state to carry 

It is useful to lemembei that Jefteison 
spoke in 1801, when om Constitution was 
twelve years old, and when the infant "re- 
public was in dreadful danger liom deep 
divisions within and irom the wars that 
wex*e raging between the great powers. If 
he was right in speaking in such a way at 
such a time, we cannot be tar wrong if now, 
when Ameiica is the most powerful nation 
on emth, we seek to lecaptuie some of his 
sanity and courage. 

How is the educated man to show the 
fiuits of his education in times like these? 
He must do it by showing that he can and 
will think for himself. He must keep his 
head, and use it. He must never push othei 
people around, nor acquiesce when he sees 
it done. He must stiuggle to retain the per- 
spective and the sense of proportion that 
his studies have given him and decline to 
be carried away by waves of hysteria. He 
must Le piepaied to pay the penalty of un- 
popularity He must hold fast to his faith 
in freedom. He must insist that freedom is 
ihe chief gloiy of mankind and that to ie« 
press it is in effect to repiess the human 
spirit. 
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compounds m the nucleus of a cell, ab- 
sorb chaiactenstic wavelengths of visi- 
ble or ultraviolet light. The amount of 
light absorbed vanes with the amount 
of the substance present. The instill- 
ment, known as a miciospectrophotom- 
eter, cliiects a beam of light on a slice 
of cell material about one 2,500th of an 
inch thick. A photoelectric tube recoids 
how much light passes through the slice 
and, indirectly, how much is absorbed 
Pollister and Ins co-workeis are usmg 
the device to study the chemical changes 
m transplanted cancel tissues and the 
nucleoprotem unbalance that accompa- 
nies anemia. It is expected to be a valu- 
able tool m all reseaich involving pi ease 
measurements of chemicals m cells. 


More Blood Fractions 

T HE discovery of methods for splitting 
blood into some of its component 
substances was one of the major medical 
advances developed dunng the recent 
wai. This pioject, carried out largely at 
Haivard University, had to do w*th the 
plasma, or fluid, part of the blood. From 
it came fibrinogen, albumin, gamma 
globulin and other substances of meat 
usefulness to medicine Anothei impor- 
tant step m the fractionation of blood, 
which may have equally useful lesults, 
has justbeen achieved Biochemists have 
developed a technique for separating, m 
undamaged, useful condition, the cell 
components of blood— red cells, white 
cells and platelets 

The method was woiked out by woi le- 
ers at half a dozen institutions under the 
aegis of the aclvisoiy committee of the 
American Red Gioss national blood pio- 
gi am. The pioblem was much moie diffi- 
cult than the separation of plasma In 
the handling of blood, the cells are vul- 
nerable to injury m two ways: 1) When 
blood is extracted from a donor, the 
white cells and platelets are damaged by 
the wetting action of the tubing and con- 
tainer, 2) during the separation of plas- 
ma from cells m a centrifuge, the cells 
aie damaged by then physical batter mg. 
The first of these problems was solved 
by lining tubes and vessels with a sili- 
cone, which does not wet the cells. The 
second was met by the use of chemical 
agents that produce selective sedimenta- 
tion of the cells. Whole blood is first 
tieated with the clotting agent fibrino- 
gen, this brings down the lecl cells. Othei 
sedimentation steps bring down the 
white cells and platelets separately. 

The Red Cross also announced that a 
new technique for storing red cells will 
keep them viable for up to four months, 
instead of four weeks or less. 

No one can yet predict what medical 
uses will be found for the cell fractions of 
the blood, but many of the fractions 
previously isolated have swiftly found 
application against various human dis- 
orders. 
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phones radio noise from space is translated into a faint 
hissing sound, Tlie amplitude of the signal is also re- 
corded on a slowly traveling strip of paper. Much of the 
telescope is from a German “Giant Wurzburg” radar. 


aauiu TOuns at the Sterling, Va„ station of tl 
1, lonal ® ureau Standards is a big concave reflect! 
that gathers radio waves from a small region of the sk 
lhe observer sits in the cabin at the right. In his hea 
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The earth constantly receives broadcasts from the sun 
and the Milky Way. Yet the ivaves from the Milky 
Way are too strong to come from stars like the sun 


NTIL lecently oui knowledge of 
the univeise was limited hugely” 
to the visual observations oi 
classical astronomy. We aie now begin- 
ning to get a moie detailed view ol the 
stars and mterstellai space by means oi 
a new instiumenl that discloses some oi 
the invisible events taking place there. 
This instrument is radio. Essentially it is 
not very different from vision. A radio 
“telescope,” like the eye or a camera, 
receives from the skies electiomagnetic 
waves, which differ hom light only m 
their wavelengths. But with the longer 
wavelengths of radio we can observe 
facts about the positions of stellar bodies 
and the matter m mtei stellar space that 
could never be seen with an optical 
telescope. 

This new field is known as radio as- 
tronomy. Although it is widely supposed 
to have derived from advances in elec- 
tronics duiing the last war, actually its 
history is somewhat older. The first in- 
vestigatoi to suggest that radio waves 
might be coming to the earth fiom the 
skies was the British physicist Sir Oliver 
Lodge. He proposed m 1894 that 
Hertzian waves fiom the sun might be 
detected, and between 1897 and 1900 
he attempted some experiments in Livei- 
pool. He discovered, however, that even 
then the electrical “noise” in a large city 
was very great; thus his crude equip- 
ment was unable to pick out any radio 
noise from beyond the earth. Sir Oliver 
recommended that future investigations 
be conducted in the country (a recom- 
mendation which is now being followed 
by the National Bureau of Standards at 
its Radio Propagation Laboratory near 
Sterling, Va.). 

Lodge’s early suggestion was based on 
the theory, new in his day, that Hertzian 
(radio) waves, heat, light and X-rays are 


by Grote Reber 

all difteient manifestations of electro- 
magnetic waves. If hght and heat waves 
came from the sun, why not Hertzian 
waves? He also reasoned that because 
much more heat and light came to the 
eaith from the sun than fiom the rest of 
the stars put together, the sun’s radio 
waves likewise should be more intense. 

Yet when, in 1982, K. G. Jansky of the 
Bell Telephone Laboratories detected 
the fiist cosmic radio waves, he found 
that they came from the Milky Way, not 
from the sun. Jansky, who thus became 
the founder of the new experimental 
science of radio astronomy, had not been 
listening for cosmic radio messages. He 
was studying the direction of arrival of 
thunderstorm atmospherics by means of 
a rotating directional antenna tuned to a 
frequency of 20.5 megacycles. He no- 
ticed that even when atmospheric dis- 
turbances were absent he sometimes got 
small noise signals that apparently came 
hom nowhere on earth. Eventually he 
determined that these nuisances, arriv- 
ing from a variety of diiections, all 
seemed to originate in the plane of the 
Milky Way. The sources always re- 
mained fixed with respect to the stars, 
indicating that the radio waves had a 
celestial origin. Jansky was able to de- 
termine the general direction of the 
waves and their intensity, but his equip- 
ment could not locate the sources of the 
waves precisely. 

Stimulated by Jansky’s work, the au- 
thor undertook in 1936 to find out ex- 
actly where the galactic radio waves 
were coming from. Were they being 
generated in some of the bright stars of 
the Milky Way? 

T HE Milky Way is a giant aggrega- 
tion of stars forming a disk that is 
shaped more or less like a watch. Our 


solai system, located towaid an edge of 
the disk, may be imagined as a very 
small speck on the shaft that turns the 
second hand, about midway between the 
front and back faces of the watch. Con- 
sequently, as we look into the sky on a 
cleai night, we see the bright band of 
the Milky Way arching across the sky, 
as if we were peeiing at the rim of a 
watch from the interior. In September it 
will arch overhead fiom southwest to 
northeast m the early evening as soon as 
the sky becomes black and stars are visi- 
ble. This bright band, which looks more 
like an illuminated haze than a collec- 
tion of stars, represents the collective 
luminosity of vast numbers of faint stais 
that the human eye is unable to resolve. 
On die other hand, when we look out 
toward the faces of the watch, i e., 
through the thm cross section of the 
Milky Way, there are not many stars m 
the line of sight, and the sky appears 
black. 

To explore our huge galaxy for radio 
signals, die author constructed in 1937 
at his home in Wheaton, 111., a large 
radio receiver that lesembles some of the 
radar detection equipment used in the 
late war. It is essentially a radio-type 
meridian transit that collects high-fre- 
quency energy from space in a parabolic 
mirror, reflects the energy to an antenna 
within a drum, and feeds it to a wide- 
band high-frequency receiver. 

This apparatus was used to sweep the 
whole region of the Milky Way within 
range at our latitude. Surveys were made 
at two different frequencies— 480 and 
160 megacycles. A group in England 
made another survey at 64 megacycles. 
All three surveys showed that radio 
waves from the sky cluster m or near the 
plane of the Milky Way. They further 
showed that radiation is most intense in 




SIR OLIVER LODGE proposed in 1894 that radio waves from the sun might 
he detected. His attempts to detect the waves, however, were unsuccessful. 



K* G. JANSKY of the Bell Telephone Laboratories first detected radio waves 
from space. He found that they came not from the sun hut the Milky Way. 


tire legions of Sagittal ms, Cygnus and 
Cassiopeia and horn Cams Major to 
Orion. On Septembei evenings Sagitta- 
rius is the biightest pait ot the Milky 
Way low m the southwest. Cygnus is 
overhead and may be identified by the 
large Northern Cioss, the lower end of 
which points down the Milky Way to- 
waicl Aquila and Sagittal ms Cassiopeia 
is a large W, which at this season lies on 
its side low m the northeast 

A remaikable feature of oui obsei ca- 
tions was that none ol the iacho signals 
oi greatest intensity came hom the cli- 
lection of the bright stais This suggested 
very stiongly that the galactic radio 
waves we leceive hom the Milky Way 
do not ougmate m the stais at all Where, 
then, aie they coming from? Can they 
be emanating hom interstellar space? 
Stiange as it may seem, that looks like 
the most probable source It appeals that 
they come from the great clouds ot m- 
tei stellai dust and gas m the galaxy 
The broadcasts hom these clouds may 
originate m the following mannei Un- 
der the action of starlight some of the 
gas atoms m such a cloud aie ionized. 
The positive ions and tree elections that 
lesult may then interact, when they en- 
countei one another, m such a way as to 
lelease iacho eneigy. One possible 
method of interaction between them is 
known as the hee-iiee transition. The 
pai tides do not meet but behave like 
certain large free bodies m the solai sys- 
tem An electron, coming within a posi- 
tive ion’s region of influence, swings 
uiountl it in a wide, eccentiic oibit like 
a comet around the sun. The ion bends 
the electron’s path and i educes its ve- 
locity. This loss of velocity is equivalent 
to a loss of eneigy, and the lost energy 
is radiated as radio waves. 

The energy output ol such a series of 
leactions under mterstellai conditions 
cannot be tested in the laboratoiy, for in 
the vast, thin dust clouds of space the 
distance of an election’s travels between 
successive encounters with positive ions 
may be as gieat as the radius of Jupitei’s 
orbit around the sun But calculations 
based on the known distribution of inter- 
stellar gas show that the energy pio- 
duced by reactions of this kind would be 
of the correct order of magnitude to ac- 
count for the measured intensities of 
radio waves leceived by our equipment. 

A T iacho wavelengths the interstellar 
- gas appeals as a radiant haze. By 
tuning in at various wavelengths, we can 
control the distance we “see” into this 
haze, and map the various regions in it. 
Just as led light penetrates fog better 
than blue light, so radio waves vary in 
penetration— except that in the case of 
ladio frequencies it turns out that the 
shorter waves, rather than the longer 
ones, have greater penetrating power. 
Thus the “maps” of radio intensity re- 
corded by the author’s radio receiver 
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JANSKY’S APPARATUS was set up in 1932 to detect, 
radio disturbances in the atmosphere, but he noticed 


that it picked up radio noise when such were absent. The 
apparatus located only horizontal direction of noise. 


AUTHOR’S APPARATUS was built in 1936 outside his present location at the Sterling station of the Bureau of 
home in Wheaton, 111. Here it is photographed in its Standards. Receiving apparatus at focus is not in place. 
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480-MEGACYCLE RADIATION from the Milky Way 
is plotted in contours from the author’s observations 


{ black dots). Figure 0 at left denotes galactic eiicle, a 
line drawn down the middle of the Milky Way. Hori- 


may be interpreted as cioss sections of 
die Milky Way at different distances 
The distances to the various cross sec- 
tions are more or less proportional to the 
radio frequencies used. 

These maps show radiation from wide 
areas of the skv. A more pin-pointed in- 
spection of the Milky Way discloses an- 
other extraordinary fact. As we have 
pointed out, no concentrated beams of 
radio energy come from the visible stars. 
But theie are certain small spots in the 
Milky Way that do yield intense radia- 
tion. No bright stais are present to ac- 
count for it. The small spots are tiny 
enough to be considered Audio stars.” 
Though invisible to us, they represent 
powerful concentrations of energy like 
visible stars. 

One such star was located accurately 
by G J. Stanley and J. G. Bolton of 


Australia. Using a radio receiver at 200 
megacycles, they found an intense 
source of ladiation, not precisely meas- 
urable but certainly less than a few 
seconds of arc in diametei, m the con- 
stellation of Gy gnus near 43 degrees 
galactic longitude and plus five degrees 
galactic latitude. Only faint stars, invisi- 
ble to the naked eye, exist in this area, 
hi Ryle and F. G. Smith in England 
discovered a similar radio star m Cas- 
siopeia at 78 degrees galactic longitude 
and minus one degree latitude These 
Australian and British investigators have 
turned up several other objects of the 
same kmd elsewhere m the galaxy. They 
are out towaid the rim of the Milky Way 
and seem to be more intense at the lower 
radio frequencies, which may indicate 
that they are relatively near us. The 
Australians have just reported m Nature 


(July 16) that their recent observations 
indicate that one of the radio stars may 
be associated with the Crab Nebula, 
winch is believed to be the expanding 
shell of an old supernova. 

HEN we obseive that no particu- 
laily intense radio energy comes to 
us from the bright stais, that does not 
mean that they geneiate no ladio waves 
at all. Actually we can lecoid some ladi- 
ation at i adio frequencies from the near- 
est star— the sun. Jansky failed to detect 
it because his radio equipment was not 
sufficiently sensitive. The intensity of the 
sun's radio waves is fai below anything 
Lodge imagined. But with moie sensi- 
tive receiveis solar radio waves weie 
detected by G C South worth of the Bell 
Telephone Laboratories m 1942, and by 
the authoi in 1943 These obseivations, 




160-MEGACYCLE RADIATION has contours rather regions are in Sagittarius (11.2), Cygnus (3.4) and 
similar to those at 480 megacycles* The brightest, radio Cassiopeia (2.0), Longer 160-megacycle waves do not 
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zontal lines maik galactic lalitudo- ; vertical lines, galac- Aqnila in the middle of tliis page. Circle and cross to 
tie longitude. Orion is in the middle of opposite page; the right of center mark small sources of radio noise. 


penetrate the interstellar haze as well as 480-megacycle 
waves. Contours at 160 megacycles accordingly show a 


cross section of a radio-emitting region in the Milky Way 
closer to earth than that detected at 480 megacycles. 


recorded at hequencies of 3,000 mega- results obtained shows that the sun pre- U.S S R. proved this fact. With the moon 

cycles and 160 megacycles respectively, sents veiy complex phenomena m the as a shutter, it was possible to estimate 

were made during a pcnod of minimum region of ladio wavelengths. the size of the solar atmosphere The 

sunspot activity, when the sun is most The sun, as we all know, is smrounded U.S. observers, focusing on the sun from 

quiescent. It theiefore appealed that the by a corona composed of a very tenuous a boat in the South Atlantic at a radio 

sun’s radio radiation, like its light, was and highly ionized gas. Thus the atmos- frequency of 10,000 megacycles, found 

more or less constant, and investigation phere of the sun is similar to the radiant that its apparent diameter was only 

of its radio waves did not seem paitieu- haze that pervades the galaxy, although about 2 per cent greater than that of the 

larly promising. of com se it is much smaller. For this rea- moon. The Russians, observing at 200 

Soon alter the end of the war, how- son we can “look” farther into the sun at megacycles, found it to be about 40 pei 

ever, investigators began to report that the penetrating higher frequencies of cent gi eater than that of the moon. In 

upon rare occasions the radio waves from radio than at the lower ones. Obviously other words, at 10,000 megacycles we 

the sun aie extremely strong— several m any complex turbulent mass of gas can observe radio activity close to the 

hundred oi a lew thousand times the such as the sun the phenomena at differ- suns visible surface, or photospheie; at 

steady background intensity. These solar ent levels will be difleient. Furthermore, 200 megacycles we detect radio waves 
radio outbursts have been studied by the sun will appear larger at the lowei originating faither out in the coiona. 

many investigators, particularly m Fug- frequencies, because more of it is opaque 

land, France, Australia, Canada, Ger- to those frequencies. During the total TMDIO waves have been found as- 

many and this eounliy, over a frequency eclipse of the sun on May 20, 1947, in- XX sociated with at least two well- 

range from 60 megacycles to 38,000 vestigators from the U.S. Naval Research known solar phenomena. One is solar 

megacycles. The tremendous variety of Laboiatory and observers from the flares, the brilliant eruptions on the sur- 


39 






HORSEHEAD NEBULA in Orion is 
an example of dust cloud that may 
emit radio waves. Photograph by 
100-inch reflector at Mount Wilson. 


face of the sun that appaiently are due 
to the ejection of veiy hot mateiial hom 
the interim. Tiieie aie two possible wa\ s 
in which flaies might cause ladio out- 
buists. It may be that the exceedingly 
hot mateiial m a flaie simply 1 achates 
moie energy at all wavelengths, laclio as 
well as visual The othei possible ex- 
planation is that the mechanical energy 
of the hot flaie, dm mg its motion through 
the sunoundmg gases m the solar atmos- 
pheie, is converted into electiomagnetic 
energy 

The second solai phenomenon with 
which laclio waves are connected is sun- 
spots To the eye 01 a camera, a sunspot 
appeals dark, because it is at a lower 
tempeiatuie than its surroundings. At 
ladio frequencies, contranly, the spot ap- 
peals blight. This is primarily because 
the spot has a magnetic field. The field 
fans out from the spot somewhat like 
water out of a lawn sprinkler It interacts 
with the sunounding ionized gas and 
creates a little radiant bulb over the spot 
The bulb sends out strong radio waves. 
The size of the bulb over any given spot 
depends on the size of the spot, the 
strength of its magnetic field and the 
radio frequency at which it is obseived 
At very high hequencies, the bulb con- 
tracts 01 disappeais. At low frequencies, 
the bulb becomes fainter, expands and 
finally is lost m the turbulence of the 
inner corona. 

S OLAR radio waves have consideiable 
practical interest for the National 
Bureau of Standards One of the duties 
of its ladio division is to make monthly 
predictions of the radio weather, that is, 
the conditions for radio reception, three 
months ahead. To gather information for 
these predictions, tins country and others 
maintain ladio weather stations at van- 
ous places on the earth. Long-distance 
radio communication depends on condi- 
tions m the ionosphere, and these in turn 
depend on the activity of the sun. Thus 
radio weather depends upon the sun 
Obviously it is important that the sun 
and its vagaries be understood if the 
radio weathei predictions are to be ac- 
cuiate To keep a constant watch on the 
sun it will be necessary to have at least 
thiee solar radio observatories, spaced 
approximately eight hours apart in time 
around the earth. The first of these has 
already been constructed at Sterling, Va. 
Others aie now being consideied. 

Galactic radio waves have not yet 
achieved the practical importance of 
solar radio waves. The 'cosmic noise” of 
the Milky Way does not affect long- wave 
broadcasting frequencies. It begins to be 
noticeable only at about 15 megacycles. 
But this brings it within the range of 
television and other very high-frequency 
transmission. On a television screen cos- 
mic noise may produce flickering and 
snow.” Thus as the higher frequencies 
come into increasing use in communica- 


tion and ladai, the galactic radio waves 
ma\ become a gi owing nuisance 

On the constiuctive side, tlie\ offer a 
means of studying gieat aggregations of 
astronomical mateiial, most of which is 
not even detectable by telescopes or any 
other method The woik is only begin- 
ning, however, and we have a long wav 
to go before we can explain in detail 
how these galactic radio waves are pro- 
duced and how oui new information fits 
into the visual picture of the sideieal 
umveise. Theie is a gieat host of ques- 
tions piessmg for answeis Foi example, 
the Magellanic Clouds near the south 
celestial pole should be given special at- 
tention It is possible that thev may 
provide a yardstick of distance foi radio 
astronomy, just as then pulsating stars, 
the Cepheid vaiiables, alieady have for 
visual astronomy The skies must be 
piobed over a widei range of frequencies 
and with radio telescopes of higher re- 
solving power 

To make these studies ovei the entile 
sky, the obseivatoiy should be set up 
near the equator Fortunately ladio 
waves are immune to atmospheric dis- 
turbances such as ram, clouds, or fog, so 
a diy, clear climate is not necessaiy, as 
it is for a visual telescope. Howevei, 
studies of the ladio stars will require the 
use of the sea as a reflecting plane. For 
this reason the best location foi a radio 
observatory would be a high mountain 
on an island or on the north-south coast 
of a continent 

We do not know much about galactic 
ladio waves m the Southern Hemispheie, 
because few experiments have been con- 
ducted there Yet this region is one of 
the most interesting, for some of the 
brightest and darkest spots of the Milky 
Way are visible there Moreovei, in that 
location the center of the Milky Way is 
high m the sky. 

Exploration of the Southern Hemis- 
phere of the sky, the collection of more 
data on the precise location of radio stars 
and the relation between the frequency 
and intensity of their radiation, the de- 
fining of the shape of the gaseous radio 
regions in interstellai space, the spectra 
of these gaseous regions and theii veloci- 
ties are some of the problems immediate- 
ly confronting the radio, astronomers. 

Studies of solar radio activity are in 
a similar elemental y stage. We would 
like to observe it at varying depths in the 
solar atmospheie. We would like to know 
why there are great variations m radio 
intensity that cannot be accounted for 
in terms of sunspot or coiona behavior. 
What we learn about the sun by tuning 
in on it may prove to be invaluable in 
predicting its behavior 


Grote Reber , a pioneer in ra- 
dio astronomy , is now asso- 
ciated with the Nation- 
al Bureau of Standards . 
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THE CRAB NEBULA has been suggested as the site of 
a small but powerful source of radio energy by the Aus- 
tralian investigators J. G. Bolton, G. J. Stanley and O. B. 
Slee. This object, which is in the constellation Taurus, 


appears to be the shell of a supernova that flared up in 
1054 AJD. A new object as bright as Jupiter was de- 
scribed at that time by Chinese and Japanese, Photo- 
graph was made by 60-inch reflector at Mount Wilson. 
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rHE FEELING OF REJECTION recounts the life of j THE FEELING OF HOSTILITY considers problem of 

Margaret, forced by her parents to be a “good little girl.’’ Clare. Here Clare’s mother reads letter from her often 

iere site feels rejected upon the arrival of a new baby. absent husband. Clare feels loss of mother's attention. 



AS AN ADOLESCENT Margaret is afraid to make ■ WHEN MOTHER REMARRIES after husband’s death, 
friends and to compete with other people. She lives Clare resents attention mother and stepfather lavish on 

through “best friend," who becomes interested in hoys, new baby. She pinches the baby's toe until it ciics. 





AS AN ADULT Margaret continues in tire pattern of ter 
childhood. When her superior at the office asks her to do 
some typing for another girl, she is unable to say no. 


B SUCCESSFUL because 
1 other men is lessened by gu: 
11, however, unable to form 



OVERDEPENDENCY is story of Jimmy, too zealously 
protected by mother and sister. Here his dependence on 
them causes him to he overly scared by tonsillectomy. 



JIMMY FEELS SICK when he has to go to work. His 
wife, who protects him like his mother and sister, tries 
to wake him. He then goes to doctor instead of to woi*k. 


-:vt. 


JIMMY BORROWS NICKEL from friend for telephone 
call. Film points out that overdependent people want 
favors. When they do not get favors, they demand them. 




PSYCHIATRIC 

FILMS 

Three fine Canadian documentaries 
portray the problems of rejection, 
hostility and excessive dependence 

T HREE remarkable short films have lecently been pro- 
duced by the National Film Board of Canada. They are 
psychiatric case histones entitled The Feeling of Rejec- 
tion, The Feeling of Hostility and Over dependency . In them 
these common psychological pioblems are examined in an 
uncommonly accuiate and stiaightfoiwaid way. 

The Feeling of Rejection is the stoiy of Maigaret, a young 
woman who complains of headaches. Margaret is dominated 
by her family and her hiencls She does not like to give in to 
their demands, yet she cannot resist. The film traces the events 
that have foimed Margaret’s personality. Dm mg childhood 
hei parents had repiessed hei so thoroughly that she learned 
little by experience. She could gain then approval only by 
yielding to them. In private discussions with a psychiatrist, 
and in group therapy, she learns the ongm of hei problem 
and gradually becomes moie self-reliant. 

The Feeling of Hostility is the life of Clare, an able and 
attractive young woman who is unable to enter into close 
relationships with other people. Clare’s father had died when 
she was a child, leaving her dependent on her mother. When 
her mother remarried, Clare hated hei stepfather because he 
shared her mother’s attention. In Overdependency Jimmy, a 
young man who often feels tired and sick, is shown to be the 
result of a jealously protective mother and sister 

The films, which were produced in collaboration with 
McGill University’s Allan Memorial Institute of Psychiatry 
and Montreal’s Royal Victoria Hospital, were made primarily 
for psychiatrists and their patients. They have been shown to 
college students, social workers, nurses and teachers. Audi- 
ences of educated laymen might also learn much from them. 



DIRECTOR OF FILMS is Robert Anderson, here di- 
recting child who plays Jimmy. Films were made for 
Canadian Department of National Health and Welfare. 
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The great Russian physiologist was born 1 00 years ago 
this month. He caused dogs to salivate at the sound of 
a bell , and brought together physiology and psychology 


T HIS month maiks the 100th anni- 
versary of the bnth of Ivan Petio- 
vich Pavlov. The great Russian 
physiologist, who died only 13 years ago, 
was one of those rare peisonages in sci- 
ence whose woik is known m every 
country during his own time. Indeed, the 
character of his fame reminds one a little 
of the Pavlov dog whose mouth always 
watered at the sound of a bell, the men- 
tion of Pavlov’s name instantly evokes m 
every literate pei son’s mind the gieat 
conti ibution with which he is insepara- 
bly associated— “the conditioned reflex,” 
Pavlov’s work left imperishable marks 
on physiology, neurology and psycholo- 
gy. Despite his vide fame, liowevei , he 
was not intimately known outside his 
own country. His anniversary offers an 
occasion to tell something about Pavlov 
as a man and as a scientist. Obviously 
one cannot attempt to give a compre- 
hensive review of his work in a single 
article, there will be set down here sim- 
ply some personal lecollections of Pav- 
lov, and an estimate of some of his most 
important researches. 

Pavlov was a man with obvious natu- 
ral gifts— a brilliant mind, an incompara- 
ble memory, boundless energy and im- 
measurable enthusiasm— but with all that 
he remained to die end of his life a trans- 
parently simple human being His labo- 
ratory in Leningrad when I vvoiked un- 
der him was a tumultuous beehive 
Pavlov was then over 80 yeais old; none- 
theless he still possessed a vast enthusi- 
asm for scientific investigation which he 
communicated to all* those around him. 
He was the moving spirit m most of the 
laboratory’s projects, and he would greet 
the successful completion of an experi- 
ment with a dance of joy His laboratory 
was operated like a town meeting; on 
Wednesdays his several dozen scientific 
associates gathered to discuss and argue 
their problems. Pavlov, who had a gift 
for dramatic narrative, fascinated his 
colleagues. He fought tooth and nail for 
his ideas against all arguments; but after 
he had cooled down he was quick to 


by Jerzy Konorski 

admit his error if his opponent turned 
out to be right 

There is a story about Pavlov that il- 
lustrates amusingly his general attitude 
toward his woik. During his early studies 
of the digestive system, he found that 
hydrochloric acid, when supplied to an 
animal's duodenum, caused the pancreas 
to secrete juice. Pavlov believed that the 
acid acted through some mechanism in 
the neivous system to produce this re- 
sult. Some time later, however, the Brit- 
ish physiologists Sir William Bayhss and 
Ernest H. Starling showed that the 
panci eatie secretion was initiated by a 
hormone mechanism, when the mucous 
membrane of the duodenum was stimu- 
lated by hydrochloric acid, it produced 
a hormone, secretin, which then acted on 
the pancreas. Pavlov at first pronounced 
this result incredible. When, having le- 
peated the Bay liss-S tar ling experiments 
himself, he found that their conclusion 
was indeed correct, he exclaimed wrath- 
fully, not in envy but m astonishment 
and self-reproach. “So we’re not the onlv 
ones to make discoveries 1 ” 

P AVLOV was born m 1849 m the 
provincial town of Ryazan, m cen- 
tral Russia. He was the son of an Or- 
thodox village priest, and inevitably was 
educated in a religious seminary. But 
he soon found that his interests lay 
elsewhere, and he transferred to the Fac- 
ulty of Natural Sciences m St. Petersbuig 
University. He went on to study medi- 
cine m the Military Medical Academy, 
graduating m 1879. While still a student, 
he began his first researches m the 
physiology of blood circulation. He was 
appointed to the staff of the Clinic for 
Internal Diseases. The head of the Clime 
entrusted Pavlov with the responsibility 
of organizing a physiological laboratory 
to combine medical theory with practice 
in die Clinic. Except for a two-year pe- 
riod, 1884-86, during which Pavlov went 
to study with the German physiologist 
Carl F. W. Ludwig at Leipzig, he did 
most of his early work in this meager 


labor atoiy at the St Peteisburg clinic 
His facilities weie of the most primi- 
tive kind The laboratory was a small 
wooden building, hardly more than a 
shed He had to finance his research 
largely out of his own veiy small salary 
He had no regular assistants. Neverthe- 
less, by his own uncommon energy, as- 
siduity and self-sacrifice he made rapid 
and fruitful headway, and Ins work won 
lnm a recognition out of all proportion 
to the modesty of his laboratory. In 1890 
he was appointed to the chan of pharma- 
cology m the Military Medical Academy, 
and m 1891 he was placed in charge of 
the physiological laboratory at the Insti- 
tute of Experimental Medicine which 
was then being established m St Peteis- 
burg. 

By the end of the 19th century Pavlov 
was generally recognized as one of the 
world’s outstanding physiologists. In 
1904 he was awarded the Nobel prize 
for his woik on the physiology of diges- 
tion In 1907 he was elected to the Rus- 
sian Academy of Sciences, and latei he 
became the dnectoi of the Academy’s 
Physiological Institute, which post "he 
retained to the end of his life. In the 
1930s a biological station was built for 
him in Koltuszi, now called Pavlovo, 
near Leningrad. He died of pneumonia 
m Februaiy, 1936, at the ripe age of 87. 

O MITTING Pavlov's interesting but 
not pieemment eaily studies of the 
regulation of blood pressure, his lifework 
divides into two periods. From the 1880s 
to 1902, he devoted himself to detailed 
investigation of the functions of the ali- 
mentary tiact. Fiom 1902 until his 
death, he went on to explore a new 
blanch of knowledge winch he himself 
created— the physiology of higher nerv- 
ous activity. 

As is well known, Pavlov’s research 
work on the secretory function of the 
alimentary tract became the lasting 
foundation of our present-day knowl- 
edge in this field. In these studies, as 
well as in his later investigations of the 
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neivous system, he was guided by cer- 
tain ideas which, while not entirely ongi- 
nal with him, he pci haps developed 
most consistently. 

The first of these punciples was that 
the organism 1 unctions as an mtegiatecl 
whole, and that the investigation ot 
sepai ate oigans m the aitificial condi- 
tions of isolated experiments cannot pro- 
vide an adequate idea of how those or- 
gans act m their normal situation Hence 
Pavlov tried to cany out his physiologi- 
cal experiments m conditions appioxi- 
matmg the normal as closely as possible. 
In his work on the alimentary tract he 
resoitcd to a number of ingenious opera- 
tions to maintain the normal functioning 
of an animal’s organs while exposing 
them to obseivation For example, he 
developed a method ot exposing the 
ducts of the salivary and pancreatic 
glands without removing the organs 
hom the body. Pie learned how to isolate 
a part of an oigan without detaching it 
irom the nervous system. One of his 
typical opeiations was the so-called 
“Pavlov pouch.” In this operation, per- 
formed on a dog, one part of the stomach 
is isolated and formed into a blind 
pouch, with an opening to the abdominal 
wall. The nervous network of the pouch 
is unmjuied, so that its secietoiy func- 
tion is an exact leplica of the functioning 


of the lest of the stomach, to which food 
passes, and it can be examined with 
gieat piecision. 

Obviously to make such operations 
come off successfully and keep the ani- 
mals healthy Pavlov had to develop asep- 
tic operating conditions and facilities for 
pioper eaie of the animals after the op- 
eration Today the existence of such ad- 
juncts is taken for gi anted, but m those 
days the idea was quite novel 

Pavlov's second guiding pi maple was 
what he called “nervism,” meaning the 
hypothesis that all functions oi the body 
weie conti oiled by the nervous system. 
It must be remembered that m those 
days the study ot endocrinology was only 
in its beginnings Pavlov believed that 
the neivous system was the only mecha- 
nism regulating and integrating the or- 
ganism’s activity, and so m all his 
leseaiches he concentiated on elucidat- 
ing the role of the neives One of his 
most beautiful experiments was a set of 
operations on a dog’s gastnc system to 
investigate the mechanism of secretion 
by the stomach. He severed the dog’s 
gullet liom its stomach so that the food 
it ate would not pass into the stomach 
but fall outside the body. He also made 
a tubular opening into the stomach to 
examine its behavior He found that even 
though no food actually entered the 


stomach, it still seeieted gastnc juice, 
being powerfully stimulated by the ani- 
mal’s chewing and other acts of eating. 
And Pavlov proved that this leaction 
was mediated by the vagus nerves, for 
if these nerves were cut, the gastiic se- 
cretion elicited by the act of eating 
stopped immediately. Pavlov’s devotion 
to the theory of the central role of the 
nervous system helps to explain his in- 
credulity and astonishment at the later 
disco veiy by Bayliss and Starling that 
hormones also play a pait m the process 
of digestion. 

The thud principle that stiongly moti- 
vated Pavlov’s woik was his conviction 
that physiological experimentation was 
of great significance for practical medi- 
cine. This idea, accepted without ques- 
tion today, was not so umvei sally recog- 
nized then; at any late not, so fai as I 
know, m Russia 

P AVLOV’S switch to the nervous sys- 
tem and the investigation of condi- 
tioned leflexes, which marked the second 
phase of his careei, was a natural sequel 
to his work on the digestive system Dur- 
ing that work he had been impiessed by 
the discovery that a dog secretes saliva 
and gastric juice not only as the lesult of 
du cct action of the food on the mucous 
membranes of the mouth and stomach, 



IVAN PETROVICH PAVLOV was born in 1849 and was greatly honored by the U.S.S.R. A biological station 
died in 1936. He was awarded a Nobel prize in 1904. He wasbuiltforhimatKoltuszi,whichisnowcalledPavlovo. 





PAVLOV’S BIG LABORATORY at Koltuszi was Today the laboratory continues in the Pavlov tiadition. 
crowded with fellow woikeis and experimental animals. At the left a baboon manipulates a stick during a stud) 


but even in response to the mere sight 
of food, m to other signals heralding 
feeding This indicated that gastric se- 
cretions. which Pavlov had considered a 
purely physiological phenomenon, might 
also have a psychological basis and be 
related to the dog’s experiences. 

To a physiologist this was then a 
shocking idea. Up to that time physiolo- 
gy and psychology had been regaided 
as two entirely sepaiate fields Physiolo- 
gy was concerned solely with the innate 
responses of the body, mainly those con- 
trolled by the lowei parts of the nervous 
system, while psychology’ dealt only with 
acquired or learned responses Pavlov 
was confronted with a vexing problem. 
Must he now give up physiological 
methods and turn to psychology to in- 
vestigate the dog’s gastric behavior? This 
he could not bring himself to do, for he 
could see no way to verify the ones m the 
realm of psychology by means of experi- 
ment. 

After long hesitation and tormenting 
irresolution, Pavlov found a characteris- 
tically imaginative and resolute answer 
to his dilemma: He would attack the psy- 
chological problem with purely physio- 
logical methods. After ail, the secretion 
of saliva or gastric juice was exactly the 
same phenomenon whether it had a di- 
rectly physiological origin or a psychic 
one, By applying physiological experi- 
ments to the investigation of Acquired 


behavior, he might open np an enormous 
new field of study. 

For seveial well-consideied reasons, 
Pavlov chose the salivarv glands as the 
focus of his experiments. He knew horn 
previous research that the salivaiy gland 
is a very sensitive and selective reacting 
mechanism. Moreover, its activity is 
much more restricted and specific than 
that of the motor organs, the chief effec- 
tors of acquired beha\ioi. Above all, 
Pavlov judged that investigation of the 
salivaiy glands would involve much less 
danger of anthiopomoiphic and psycho- 
logical interpretation of the results, an 
enor he wished to avoid at all costs. 

So Pavlov and his collaboi atoi s began 
then studies of acquired, or, as he him- 
self called them, conditioned (m Russian 
“conditional”) reflexes The first experi- 
ments were made on “natural” condi- 
tioned reflexes, those established spon- 
taneously in an animal m response to the 
sight and the smell of food, and so on. 
Only later, as the method was perfected, 
did the Pavlov group begin to develop 
conditioned reflexes to special signals, 
such as the beat of a metronome, the 
ringing of a bell, or the lighting of a 
lamp. 

An important early finding in these 
experiments was that conditioning works 
two ways: it can inhibit as well^as pro- 
duce a response. When a conditioned 
stimulus ceases to be “reinforced,” ie.. 


to be accompanied b\ the presentation 
of food, the conditioned leflex is extin- 
guished. Pavlov showed that this extinc- 
tion is effected bv a special mechanism 
which he called internal inhibition. 

Dui mg tlie first penod of reseaich the 
Pavlov group occupied themselves chief- 
ly with the properties and mtenelations 
of the excitatory and inhibitory condi- 
tioned leflexes Latei they extended the 
investigation to two new and important 
splieies. Fust, thev showed by lepetition 
of identical experiments on a gieat many 
dogs that animals vaiv greatly m the 
speed with which conditioned reflexes 
are foimed, their permanence, the influ- 
ence of inhibitory on excitatory reflexes, 
and so on. This provided a basis for the 
development of a classification of types 
of nervous system, a subject which has 
been woiked at extensively of lecent 
years. Attempts have even been made at 
the Biological Station m Pavlovo to 
show that ah individual’s type of neivous 
system may be inherited. Secondly, at 
the end of the second decade of re- 
search into conditioned reflexes the Pav- 
lov investigators came quite accidentally 
upon the diseoveiv of a neurotic state in 
dogs, caused by a conflict between ex- 
citatory and inhibitory reflexes. 

The latter finding led to extensive in- 
vestigation of so-called experimental 
neuroses, their pathogenesis, symptoma- 
tology and therapy. In these experiments 
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of motor reflexes. In the center an experimenter observes At llie right another experimenter tabulates a dog's 

a monkey in tlic laboratory of higher nervous activity. respiratory responses with the help of a kymogiapli. 


the salivary conditioned reflexes proved 
to be a veiy sensitive and piecise indi- 
cator both of normal and of pathologi- 
cal nervous conditions. Toward the end 
of Pavlov’s life a psychiatric and a psy- 
choneurological clinic were attached to 
his laboratories, and in these the at- 
tempt was made to analyze various cases 
of human neuroses by resort to the laws 
discoveied in experiments on animals. 
Thus even in this long, difficult and 
fundamental inquiry Pavlov lealized his 
lifelong hope of applying his expeii- 
menlal research on animals directly to 
human pathology. 

I have summaiized in general outline 
the main scientific achievements that 
Pavlov and the physiological school he 
created have given us. So far as his re- 
searches into the physiology of digestion 
are concerned, there is no need to stress 
their value. But it is more difficult to esti- 
mate the value and scope of the science 
of conditioned reflexes. 

It is generally accepted that condi- 
tioned reflexes have played a very con- 
siderable part in the development of 
modem psychology, and today there are 
whole trends of psychological investiga- 
tion based to a large extent on the 
achievements of the Pavlov school. But, 
since the psychological applications of 
conditioned reflexes have been devel- 
oped mainly m the U. S,, I do not think 
that I, a European far removed from the 


centcis of these trends, am competent to 
discuss them. As for the practical appli- 
cations of the Pavlov achievements to 
the fields of psychoneurology, psychic 
hygiene and teaching, it is still too early 
to estimate their ultimate importance. 
And so I shall confine myself to survey- 
ing the significance of conditioned re- 
flexes to neuiophysiology itself. 

Pavlov often called his teaching on 
conditioned reflexes “the tiue physiology 
of the brain.” For him the study of con- 
ditioned leflexes was not an end in itself, 
but rathei a means for understanding the 
central mechanism controlling them, 
namely, the cerebral cortex. Pavlov con- 
ceded that other methods of investiga- 
tion of the activity of the cerebral cortex, 
such as electrical stimulation of the cor- 
tex in an anesthetized animal, could be 
very valuable, but he held that the true 
picture of this activity could be obtained 
only by studying the normal functioning 
of the organ, as in conditioned-reflex ex- 
periments. He was strengthened in this 
conviction by the fact that his view had 
been thoroughly and brilliantly justified 
in his work on the alimentary tract. 

It is an interesting fact that Pavlov’s 
attitude and methods were closely re- 
lated to those of a great British contem- 
porary, Sir Charles Sherrington ( see 
page 56). Both Sherrington and Pavlov 
based their physiological studies on work 
with quantitatively and qualitatively de- 


fined stimuli and their combinations. 
Both investigated the central mechanism 
of reflexes by examining the reactions of 
animals. But in Sherrington’s case the 
pieparation studied was a spinal animal, 
whereas in Pavlov’s it was an animal 
with the cerebral cortex intact, and Slier- 
lington studied the innate activity of the 
nervous system, while Pavlov was con- 
cerned with its acquiied activity. 

Sherrington’s experimental work was 
developed further by a host of neuro- 
physiologists who, with the aid of more 
refined methods than were at Sherring- 
ton’s disposal, brought greater precision 
into the notions of central excitatory and 
inhibitory states with which Sherrington 
operated, Pavlov’s woik has not been fol- 
lowed up as thoroughly as Sherrington’s. 
If Pavlov’s method of investigation of 
higher nervous activity is successfully 
linked up with, and enriched by, the 
modern tool of electroencephalogiaphy, 
just as Sherrington’s method of study of 
lower neivous activity was later enriched 
by the recording of action potentials of 
the spinal coid, then perhaps Pavlov’s 
statement that his work represented “the 
true physiology of the brain” will be fully 
justified. 


Jerzy Konorski, a former associate of Pav- 
lov , is now at the Nencki Institute of 
Experimental Biology in Lodz , Poland . 
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Biochemists have traditionally labored to isolate and observe 
individual enzymes. The author describes significant new work 
which indicates that these biological catalysts act in concert 


by David E. Green 


T O explain the living process by dis- 
secting it into the simplest pos- 
sible units— this is the objective of 
modem biology. The major focus m bio- 
logical investigation has steadily nar- 
rowed from the living oiganism to the 
cell, from the cell to single molecules. 
And among all the substances isolated 
m this quest for the fundamental es- 
sences of life, none has been studied 
more minutely than the crucial catalysts 
known as enzymes 

The living process is an expression of 
myiiads of chemical reactions, but vir- 
tually all of them have this one factor m 
common: they cannot proceed without 
the help of enzymes. It has been the 
hope of enzyme chemists that by isolat- 
ing the individual enzymes, they might 
eventually be able to reproduce m the 
test tube every chemical process that 
takes place in the living cell. About 1,000 
different enzymes have been isolated, 
and much has been learned about how 
they function. Perhaps the most spec- 
tacular triumph of classical enzyme 
chemistry has been the reconstruction 
with isolated enzymes of the entire 
process by which glucose or glycogen is 
fermented 01 broken down to lactic acid. 
The fermentation of glucose in the test 
tube, as reconstructed through the agen- 
cy of combinations of some 20 isolated 
enzymes, is practically indistinguishable 
from the process as it occurs in the cell. 

Yet in spite of these apparent recon- 
structions of complex life processes, 
there has been a growing suspicion that 
the classical view of enzyme chemistry 
is somewhat oversimplified. The reac- 
tions produced by combinations of iso- 
lated enzymes do not in all respects 
duplicate those in the living cell. For 
instance, in the animal body the conver- 
sion of glycogen to glucose or of glucose 
to glycogen is profoundly affected bv 
hormones such as adrenalin or insulin. 
But no one has succeeded in showing 
that the reconstructed process in the 
test tube is sensitive to the action of 
these hormones; in other words, it has 
yet to be demonstrated that insulin or 
adrenalin act on isolated enzymes. Nor 
has it been possible, by means of isolated 
enzymes, to duplicate the living cell’s 
synthesis of such complex substances as 


piotems, phospholipms, sterols, por- 
phyrins or fatty acids. 

One could maintain that the failure to 
demonstrate hormonal effects or to ac- 
complish complex synthetic piocesses in 
reconstructed systems is after all no rea- 
son to doubt that given time even these 
goals w 7 ill be achieved by the methods 
of classical enzyme chemistry, 

T HERE have been other findings, 
however, that cannot he shrugged off 
quite as easily. These have to do with 
the behavior of certain complexes of en- 
zymes that apparently can function only 
m teams. Thus David Keilin and his 
school at Cambiidge University have 
tor many yeais been studying a complex 
of enzymes obtained from heart muscle 
Tins complex is found associated with 
laige particles at least the size of an 
average bacterial cell. Many different 
enzymes are present m the complex, but 
no one of them can be readily separated 
from the lest. They aie stuck togethei as 
m a mosaic. The unit is no longer the 
enzyme but a hierarchy of enzymes 
This complex of enzymes catalyzes 
the oxidation of a series of organic sub- 
stances (substrates) by means of molecu- 
lar oxygen. A substrate undergoing oxi- 
dation loses two electrons, the oxidiz- 
ing agent gains two electrons. But the 
electrons are not tiansfened directly 
from the substrate to the oxidizing 
agent, they are handed from one to the 
other by an elaborate ‘‘bucket biigade.” 
For example, the oxidation of malic 
acid (malate) by molecular oxygen is 
lepresented schematically by the follow- 
ing sequence, the arrows showing the 
direction of transfer of the electrons, 
m al ate -* dipho sphopv n dine nucleotide-* 
flavin dmucleotide ->cy tochromes-*cvto- 
chrome oxidase-* oxygen. Thus at least 
five separate tiansfer reactions are in- 
volved in this oxidation of malate as 
catalyzed by the Keilin complex of en- 
zymes. 

Innumerable attempts have been 
made to tear this complex apart and to 
reproduce in the test tube the individual 
events catalyzed by single enzymes, but 
success in that direction has been re- 
markably scanty. No one lias yet been 
able to separate cytochrome oxidase 


horn the cytochiomes, or to isolate the 
individual membeis of the cytochrome 
group, with the single exception of a 
substance called cytochiome C. What is 
moie, the few individual enzymes that 
have been isolated from the total com- 
plex do not show piecisely the same 
properties in isolation as they did m the 
complex. For example, an enzyme called 
diaphorase, winch catalyzes the oxida- 
tion of diliydropyridme nucleotide ( one 
of the links in the election tiansfer se- 
quence), can use the cytochromes as 
oxidizing agents when m the complex 
but is unable to do so when sepaiated 
from the complex. 

These studies of Keilm have been fol- 
lowed by a whole series ol similar re- 
poits by other woikeis They have pre- 
paied from liver, kidney and other 01 - 
gans suspensions of huge particles, like 
those reported by Keilin, that seem to 
play a part m the synthesis of various 
important biological compounds. The in- 
dications aie strong that these units are 
not individual enzymes but teams of 
them, and that a complex is moie than 
the simple summation of its individual 
membeis. 

All this throws serious doubt on the 
view that the reactions pioduced m the 
test tube by combinations of isolated 
enzymes are the same as those that go 
on m the cell. Pei haps the most signifi- 
cant data beaung on this question is sup- 
plied by recent studies of the process by 
which sugar is binned to caibon dioxide 
and water m the body. 

T HE oxidation of glucose 01 sugar 
may be divided into two phases. In 
the fii st, glucose is fermented or split into 
two molecules of lactic acid. In the sec- 
ond, lactic acid is oxidized to carbon 
dioxide and water by the so-called citnc- 
acid cycle discovered by H. A. Krebs of 
the University of Sheffield. 

Properly speaking, the citric- acid cycle 
begins with pyruvic acid, which is formed 
from lactic acid by the loss of two elec- 
trons, accompanied by the loss of two 
hydrogen atoms: CH 8 CHOHCOOH mi- 
nus two electrons yields CHgCOCOOH. 
The problem of the cell is to burn the 
latter compound, pyruvic acid, to car- 
bon dioxide and water and thereby re- 
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lease energy foi doing die work of die 
cell One could imagine a piocess where- 
by pyiuvic acid was hacked down, car- 
bon atom by carbon atom, until nothing 
was left but C0 2 and FLO. The cell has 
piefened a more loundabout and ele- 
gant device for accomplishing the same 
lesult. Without plunging into the de- 
tailed chemistiy of this process, we can 
extiact its principle by picturing the fate 
of the caibon atoms. Let us strip pyiuvic 
acid of all but its carbon atoms and lep- 
resent it simply as c-c-c. Let us suppose 
that to stait the cycle going there is 
available another substance with four 
caibon atoms, c-c-c-c. 

The C 8 unit, pyiuvic acid, combines 
with the C 4 unit, and the pioduct is 
c-c-c-c-c-c-c, or C 7 . Now C 7 is degraded, 
carbon atom by carbon atom, with a 
single atom burned off at each step, un- 
til it is reduced to the original C 4 unit. 
This m turn reacts with anothei C 3 unit, 
and so the process continues until all C 3 
units aie burned. The C splmtei split off 
at each step is of course C0 2 . This cy- 
clical process has been called the citnc- 
acid cycle because the C 0 stage was the 
clue to its discovery. We may accurately 
descnbe this system as a cellulai furnace 
m which sugar (or rathei the pioducL of 
sugai fermentation) is 1 mined to carbon 
dioxide and water. 

The cell does not have sepaiate fur- 
naces m which to bum sugai, fatty acids, 
ammo acids and its other fuels. It makes 
one furnace do for all, m other words, it 
has adapted the citiie-acid cycle most 
ingeniously foi burning bitty acids and 


amino acids as well as sugai. The gen- 
eial scheme is pictured in the diagiam 
of the citiic-acicl cycle which appeals on 
page 50 This shows that the cycle has 
sepaiate entrances ioi various sub- 
stances, depending on the number of 
caibon atoms they possess. Every step m 
the cycle is like a door leading to the 
furnace. Sugar conies in at the C 3 dooi 
Fatty acids, with six caibon atoms, come 
m through the C (i door; ammo acids, 
vaiymg m their carbon composition, en- 
ter through the C 3 , C 4 and C r> doois. 

The oxidation of fatty acids actually 
proceeds in two distinct phases. Foi ex- 
ample, a fatty acid represented by 
c-c-c-c-c-c first is burned or bioken down 
into c-c units. These c-c units conespond 
to acetic acid. Each of them can con- 
dense with c-c-c-c (oxaloacetic acid) to 
foini c-c-c-c-c-c (citnc acid), and so en- 
ter the lurnaee thiough the C 0 door. In a 
similai way amino acids are oxidized in 
one 01 more steps to foim c-c-c (pyruvic 
acid), c-c-c-c (oxaloacetic acid) and 
c-c-c-c-c (a-ketoglutanc acid)— all of 
which aie doors to the cellulai furnace. 

N OW all these events are brought 
about by a galaxy of enzymes which 
m honoi of the citnc-acid cycle has been 
named the cycloplioiase complex. This 
enzyme system is present in eveiy cell 
of the animal body. It is locked up in 
small bodies called mitochondria. Inves- 
tigatois have recently discovered that 
the mitochondria house all the principal 
oxidative enzymes of the animal cell. 
And the individual enzymes m the com- 


plex aie handcuffed togethei, as it were, 
m the closest molecular juxtaposition. 
They can act only as a group. 

Many other processes, oxidative and 
synthetic, go on m the cyclophorase com- 
plex But oui concern hei e is to consider 
how the enzymes m the complex differ 
from their isolated counterparts. There is 
in the complex a variety of oxidizing en- 
zyme known as the malic oxidase, which 
catalyzes the oxidation of the acid called 
L-malate to oxaloacetate, Malic oxidase 
consists of a piotem to which is joined a 
“piosthetic gioup” (an enzyme auxilia- 
ry) • It is possible to split off the prosthet- 
ic gioup from the protein. But once this 
is done they can never be joined again, 
at least so far as our present knowledge 
goes. We can restore some of the en- 
zyme's catalytic activity by adding a 
large amount of the prosthetic group to 
the split enzyme, but the properties of 
this reconstituted enzyme aie totally dif- 
ferent from those of the oiigmal. For 
example, the split enzyme does not work 
maximally unless tire malic acid that it 
oxidizes is present m relatively high con- 
centration, wheieas the original enzyme 
is fully active at vanishingly small con- 
centrations of the acid. Furthermore, the 
split enzyme cannot oxidize the acid if 
even a trace of the product of oxidation 
is present, while the original enzyme is 
unaffected by the pioduct of oxidation 
even m relatively enormous amounts. 

The alteration of enzymes can be il- 
lustrated in another way. It is possible 
to transform the enzymes of the cyclo- 
phorase complex into the pmely classi- 


PROSTHETIC GROUP 


OXIDASE A 


DISSOCIATED OXIDASES DISSOCIATED OXIDASES 

IN SOLUTION 


INTACT MITOCHONDRION 

CONJUGATED OXIDASES 



SHEARED FRAGMENT 
CONJUGATED OXIDASES 


COMPLEX OF ENZYMES loses properties as it is 
broken down. Complex {left) oxidizes malic acid and 
converts phosphate into an ester. When split ( center ) , 


it can oxidize malic acid but cannot convert phosphate. 
When further broken down (right ) , it cannot oxidize 
acid without large extra supply of prosthetic group. 
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Radioactive tracer techniques 
have already solved hundreds of 
research and industrial problems 
not possible with conventional 
techniques. Let us know your tech* 
nical problems and without obli- 
gation we will be glad to advise 
if radioisotopes can help you. 

Tracerlab Is prepared to carry 
out any or all phases of your radio- 
activity program with its staff of 
175, including experts in nuclear 
physics, electronics, and radio- 
chemistry. Complete laboratory 
facilities specializing in radioac- 
tivity are in operation on both 
East and West coasts. 

A few examples of services ren- 
dered to industrial and research 
organizations are; 

COMPLETE RADIOACTIVITY 

CONSULTATION SERVICES 

ISOTOPE PROCESSING AND 
SYNTHESIS Of TAGGED COMPOUNDS 

FULL SCALE INDUSTRIAL TRACER 
STUDIES 

FACILITIES FOR CARRYING OUT 
RADIOACTIVITY RESEARCH PROJECTS 

COMPLETE INSTRUMENTATION FOR 
RADIOACTIVITY LABORATORIES 

INSTRUMENTS FOR INDUSTRIAL 
MEASUREMENT AND CONTROL SUCH 
AS THE TRACERLAB BETA THICKNESS 
GAUGE FOR SHEET MATERIALS 


r lracerlcJ) > 


132 HIGH ST.. BOSTON 10, MASS. 

Western Division 

2295 Son Pablo Ave., Berkeley 2/ Californio 
New York Office 

General Motors Bldg., 1775 B way, N. Y. 19 
Midwest Office 

LaSalle-Wacker Bldg., 221 N. LaSalle, Chicago 



CITRIC-ACID CYCLE is the mechanism of the cell for oxidizing lactic acid 
to carbon dioxide and water. It is also used to burn fatty acids and amino 
acids. Varieties of the latter may enter the cycle through three “doors.’" 


cal, isolated types by a series of mechani- 
cal and chemical steps. For example, m 
the mitochondrial body the intact cyclo- 
phorase complex not only oxidizes malic 
acid but conveits inorganic phosphate 
into an ester— a ^process known as oxida- 
tive phosphorylation. Now if one splits 
the enzyme complex into fragments by 
some mechanical shearing device, simi- 
lar to the blades of a high-speed cocktail 
shaker, this fragmented unit no longer 
is capable of oxidative phosphorylation. 
It has lost this property even though the 
malic oxidase is still intact and can con- 
tinue to oxidize malic acid as before. 

Now this disiupted unit in turn is ex- 
posed to acid under controlled conditions 
and the prosthetic group is split off. A 
whole new group of properties falls out 
in consequence of this second traumatic 
experience. Finally the split oxidase, 
which is still attached to particles, albeit 
much smaller than the original mito- 
chondria, can be detached completely 
from the particles and brought into true 
solution. At that point, we have an iso- 
lated enzyme such as has hitherto been 
the chief subject of study in classical 
enzyme chemistry. 

C LASSICAL enzyme chemistry has 
been concerned with the properties 
of the split oxidases. Its goal has been to 
isolate individual enzymes in pure form. 


In achieving this goal it has had to use 
methods which m effect tear the enzymes 
apart from then natural associations. It 
has proceeded on the tacit assumption 
that nothing is lost in die pi ocess. Ap- 
parently that assumption can no longer 
be regarded as safe. In the light of what 
has been learned about the transforma- 
tion of tlie oxidases when they are iso- 
lated from the cyclophorase complex, it 
becomes evident that many of the en- 
zymes on which classical enzyme chemis- 
try has concentrated its attention are 
artifacts, and must be considered mere 
shadows of then former selves. 

It would be unwise to discount com- 
pletely studies of enzymes isolated by 
classical procedures. After all, the essen- 
tial catalytic property of the oxidase is 
still retained; the nature of the prosthet- 
ic group has not been altered, and pre- 
sumably many of the properties and 
characteristics of the protein have come 
through unaltered. The study of these 
classical oxidases can be of inestimable 
value to our understanding of the 
mechanisms of enzyme action. But m re- 
constructing the enzymatic events in the 
living cell we must consider not only the 
individual members of the complex but 
the chemical organization and structure 
of the complex as a whole. 

The striking and inescapable fact is 
that once a complex is torn apart it is 
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The Plants of Jirakatoa 

When the volcanic island exploded in 1883, its life was 
completely extinguished. Botanists have since observed 
a unique natural experiment in the propagation of plants 

by F. W. Went 


AT two minutes past 10 on the morn- 
ing of August 27, 1883, one of the 

■*- most violent explosions evei ex- 
peiienced by man occuned on an island 
between Java and Sumatra in the East 
Indies. Although the nearest inhabited 
place was at least 25 miles distant, 
36,417 persons m the region were killed, 
mainly by drowning m the tidal wave 
that followed the explosion. The blast 
was heard more than 1,000 miles away. 

The souice of this awesome detona- 
tion was the blowing up of the central 
part of Krakatoa, a volcanic island which 
had had a long history of disquietude. 
The island had begun to disintegrate 
seveial hours before the mam explosion, 
and a senes of pulverizing eruptions con- 
tinued throughout the day. When men 
first dared to approach the island two 
months latei, a sea 800 feet deep cov- 
ered the major part of the island, wlieie 
die volcanoes Peibuatan and Danan had 
once stood Approximately six cubic 
miles of rock and pumice had been 
blown into the air 1 (This gives us a bet- 
ter perspective for judging man’s rela- 
tively puny accomplishments with dyna- 
mite and uranium.) 

All that was left of Krakatoa was a 
ragged, 2,500-foot peak. It was com- 
pletely covered with a thick layer of 
smoking pumice and ashes, still too hot 
to walk on with bare feet. Clouds of 
steam rose from many parts of the island, 
especially from the gullies that ramwater 
had scorned in the loose pumice. All ani- 
mal life, of course, had been wiped out 
Not a tree, shrub or other plant survived. 

A place so utterly desolate and devoid 
of life would hardly seem a promising 
site for an investigation of how plants 
and animals become distributed over the 
earth. When one gives the matter a little 
thought however, he can see that such a 
sterilized island offeis a marvelous op- 
portunity for just such a study. To re- 
settle sterile Krakatoa Island, all seeds, 
spores and animals had to cross a 25- 
mile stretch of sea. There was an island 
closer than this, Sebesi, about 12 miles 
north of Krakatoa, but most life on Sebesi 
had been destroyed by toxic gases and a 


thick layer of ash, and it was hardly a 
source of seeds oi spoies. 

In May, 1884, nine months after the 
eruption, the French botanist E. Cotteau 
visited Krakatoa, He lepoited: “In spite 
of all my investigations, I was unable to 
observe any tiace of animal or plant life 
with the exception of a single spider; 
this hardy pioneer of resettlement was 
busy spinning its web.” 

Three yeais after the eruption, a paity 
led by the Dutch botanist Melchioi 
Treub found a very diffeient situation. 
On the beach were gi owing many of the 
plants commonly found along tropical 
seashores. Farther inland Treub found 
many feins and some glasses, but very 
few other plants 

Unfortunately it was another 10 yeais 
before the island was revisited bv botan- 
ists. By then it was fairly well covered 
with green ‘ here and there stood groves 
of Casual ina (the horsetail tree), and 
there was a wide scattering of wild su- 
gar cane. Four species of soil-inhabiting 
orchids were found. On the shores grew 
young coconut trees. In geneial, vegeta- 
tion was much more abundant on the 
shores than in the interim 

It was not until 1906 that the island 
was densely covered with plants The 
\egetation was then mostly grass with 
some trees here and there. By 1920 trees 
had taken over perhaps half of the sui- 
face, and m 1930 the whole island was 
again covered with a dense, though low 
and young, forest. 

What does all this mean in explaining 
the natural distribution of plants over the 
world? 

Since the vegetation of Krakatoa had 
been so completely destroyed, new 
plants could develop only from seeds 
and spores that were somehow trans- 
ported to the island from other places. 
How might they have been carried? 

In the first place there is the wind. 
Very light spores or seeds can be car- 
ried by even gentle air currents. Bacte- 
ria, for instance, are floating everywhere 
in the air, even in a perfectly quiet room. 
Spores of ferns are no heavier than pol- 
len grains, which are commonly moved 


by a breeze fiom pme tiee to pure tree to 
cause pollination. It is significant that al- 
most half of the plants observed on- 
Krakatoa thiee years after the eruption 
were feins, wheieas ordinarily ferns con- 
stitute no more than 10 to 20 per cent 
of a stable tropical vegetation. The ferns’ 
mode of distribution by means of veiy 
light spores gave them an advantage 
ovei most other plants. In latei years 
plants with heavier seeds caught up, but 
m the beginning the ferns were the most 
numerous settleis 

Orchid seeds are almost as light as 
fern spoies. theie aie many millions of 
them m an ounce. Most orchids requne 
tiees to grow on, or at least rich humus 
in the soil, yet in spite of the handicap 
of poor soil and tieelessness on Kiakatoa, 
13 years after the eruption four species 
of oi chid were flowering there, which 
shows that great numbers oi oichid seeds 
must have been blown to the island. 

Even heavier seeds can be carried bv 
wind, especially when they aie piovided 
with hans, such as those of cotton, cot- 
tonwood and dandelions, or with wings, 
as m elm hints. Some of the first grasses 
found aftei the eruption undoubtedly 
also anived on the wings of the wind It 
is estimated that about 40 pei cent of all 
species of plants now living on Krakatoa 
arrived theie by this means. Thus the 
wind must be considered the most effec- 
tive and important agent m dispersal of 
these tropical plants. 

The seeds of certain other plants on 
Kiakatoa, such as the coconut palm 
found flowering on its shores in 1896, 
are too heavy to be carried by wind. The 
big coconuts from which these trees 
sprang must have been brought by the 
sea. Coconut palms grow along the 
shores of all tropical islands m the Pacific 
and Indian Oceans. Under natural con- 
ditions they do not extend far inland. 
When the coconuts drop off, many get 
washed away by the sea. They remain 
afloat, and near tropical shores one can 
occasionally see a coconut bobbing up 
and down on the waves among logs and 
other flotsam. The fruits and seeds of 
most other tropical shore plants are 
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similarly earned by sea cuucnts ovei cent of Kiakatoa’s vegetation had ai- they are veiy abundant on the neaibv 

long distances. Experiments have shown lived by othei means, and today about islands. Observations have shown, how- 

that floating ioi several weeks in sea 40 pei cent of all its species ha\e done evei, that mistletoe seeds aie spread al- 

water does not mjuie them. They will so. In most of these cases it is veiy likely most exclusively by species of Dicaeum 

geimmate as soon as they are washed that the seeds weie distributed by am- birds. These birds retain the seeds for no 

ashoie and watered by ram water. A mals, usually by birds but occasionally more than 12 to 20 minutes after mges- 

hard seed coat or a protective cover of by man. tion, and therefore could not have cai- 

strong fibers protects the seeds from m- In 1916 several men settled on Kraka- ned them over a distance of 25 miles, 

|iuy when they scrape over the sand. toa to exploit the pumice. They bi ought which would require at least an horn’s 

with them certain hint trees, such as flight. Other birds, such as the tjalak, 

T HIS natural experiment on Krakatoa mangoes. These siuvived only a few which is common m Java, can retain 
explains why the coastal vegetation veais. After the settlers had left, they seeds in their intestines foi at least 100 
of all the Pacific islands is so uniform. weie engulfed and obliterated by the minutes, they do not eat mistletoe fruits, 
The several dozen varieties of plants dense jungle Evidently our cultivated howevei, and therefore could only have 
found on their shores have been chstrib- plants can suivive only it helped by man transported other plants, 
uted from island to island by the ocean m then struggle for existence We know It is ceitam that birds can carry seeds 
cunents. This method of distribution of by experience how seldom a corn oi foi fairly long distances, but in the ab- 
seeds is so effective that even newly tomato plant that escapes cultivation be- sence of evidence of any method of 
foimed islands with no othei flora are comes established among the wild vege- transport except in the food they have 
soon colonized by beach plants. Indeed, tation. eaten, such dispersal is definitely limited 

ocean transportation explains a striking The majority of plants distributed by by the length of time the biids hold their 

phenomenon of the distribution of plants animals must have been bi ought to bowel contents. Charles Darwin be- 
en great continents. Ordinarily we think Kiakatoa by birds. The occunence of so lieved, and m one case actually pioved, 
of plants as spreading over land and be- many plants with fairly large seeds that that seeds could be distributed by stick- 
ing halted by oceans. But in Africa the could not have anived by wind or water, ing to mud on the legs of wading birds, 
beach flora of the continent’s west coast and the fact that most of these plants This would explain the long-distance 
is very different from that of the east have fleshy huits that aie eaten by birds, transportation of marsh plants, but there 

coast. The former is like that of the east makes this almost a ceitamty. The seeds are no maishes on Krakatoa It is of 

coast of South America, thousands of of many fruits which birds eat are not course possible that seeds may become 
miles away across the South Atlantic, destroyed in their digestive tract, but are attached to biids by some other means, 
while the latter is like that of the islands still intact and viable m their droppings, but that is very hypothetical, 
of the Indian Ocean and the Pacific. The Thus any seeds remaining in the diges- 

explanation is that the beach plants do tive tract of a bird that had flown across A NOTHER mechanism often invoked 
not spread inland across the continent; the 25 miles of sea between Java and -T*. to explain the spread of plants is the 

they can travel only across the sea. Thus Krakatoa would have a chance of ger- attachment of seeds to floating logs, 

the varieties of shore vegetation, unlike minating m its droppings. Among the which may drift for great distances in 
most other plants, range around ocean plants presumably transported to Kraka- sea cunents. This is a veiy unsatisfactory 
basins instead of within continents. toa by birds belong figs and papayas, hypothesis, because most seeds cannot 

In 1886 only plants distributed by One might object that mistletoes, stand contact with sea watei. Besides, 

wind and sea cui rents weie found on which are spread exclusively by birds, only a certain few plants can germinate 

Krakatoa. By 1896, however, some 9 per do not occui on Krakatoa as yet, though and grow on beaches, or as far inland as 



STEEP CLIFF is a fragment of Krakatoa’s former era- LUSH GROWTH now covers Krakatoa. Three years 

ter. The volcano lies midway between Java and Suma- after the explosion, beach plants were found along its 

tra. When it exploded, 36,000 people died. Two months shores. Inland were ferns and grasses. Since then other 

later clouds of steam still rose from its sterile rocks. waves of plants have become established and competed. 


53 


Lhis is your invitation to ad- 
venture — to participation in explo- 
ration and discovery — to a box seat 
for the greatest show in the world 
— Life itself. You can — become a 
member of the American Museum 
of Natural History for only $5.00 a 
year. And as a member you receive 
Natural History Magazine, the 
museum’s official publication, ten 
times each year. 

Here’s mystery, drama, science, 
folklore, travel and romance. 
Here’s the result of the great work 
of the museum itself. It’s ALL 
brought to you in the colorful, pic- 
ture-filled, fascinating magazine. 
Published for members by the 
American Museum of Natural His- 
tory each issue is a thing of imper- 
ishable beauty full of educational 
benefits, useful to 
businessman, 
housewife, student 
—facts and infor- 
mation which can 
be found nowhere 
else. 

At the 
Disk if Ufa 

The breathtaking 
facts, articles and pictures in Natural 
History Magazine are often obtained by 
museum explorers at great risk. True 
stories of early MAN groping toward 
civilization, of strange wild beasts still 
roaming unchartered lands, of scientific 
discoveries all are brought to you by 
accredited museum representatives in 
the field. In reading Natural History 
Magazine you ioin them in adventure! 

Biggest Bargain Ever 

Thousands know that NATURAL HIS- 
TORY MAGAZINE is the biggest bar- 
gain in publishing history. For only 
$5.00 a year you get this wonderful 
magazine plus associate membership in 
one of the world’s greatest educational 
institutions. Send your $5.00 today with 
the coupon. You will find, we know, that 
your membership and Natural History 
Magazine is the best investment you've 
ever made in absorbing reading, enter- 
tainment and knowledge. 


ADDRESS. 
CITY 


l| 

STATE g 


American Museum of Natural History, Dept. SA 
79th St at Central Park W , New York 24, N Y. 

Enter my subscript inn to NATURAL HISTORY 
MAGAZINE and enroll me as an associate member 
and contributor to the educational program of the 
AMERICAN MUSEUM OF NATURAL HIS- 
TORY. I enclose $3.00. 

NAME. 


please print 


floating logs aie w ashed. Yet this mecha- 
nism should not be entirely discaided. 
For example, I found two lizard eggs, 
which seemed viable, hidden m a cavity 
of a floating log that had been washed 
ashore on Krakatoa. 

No matter whether we can agree m 
each case on how a certain plant reached 
Krakatoa, the important fact remains 
that all these plants arrived theie by one 
means or another— this is the most sig- 
nificant result of the large-scale natural 
experiment initiated by the volcanic ex- 
plosions on the island. One might as- 
sume, of course, that seeds of most of 
the plants later found there had survived 
August 27, 1883. One botanist has taken 
this stand, and has written a whole book 
to prove his contention. However, he has 
failed to convince other botanists that 
plants, seeds, roots or rhizomes were able 
to withstand fires, toxic gases and terrific 
explosions, and later a cover of hot ashes 
and pumice 20 to 200 feet deep that 
charred everything it touched. Two 
months after the eruption the whole is- 
land still steamed after a ram, indicating 
that temperatures neai the boiling point 
still existed deep in the pumice. 

The biology of Kiakatoa is full of in- 
teresting problems No stability has yet 
developed m its plant or animal life. For 
instance, some yeais the island may be 
overrun by rats, yet a year or two later 
tlie natural equilibrium will swing back 
to the point where hardly a rat can be 
found. Here is a typical example of a 
biological problem which was high- 
lighted by the Krakatoa experiment. In 
the Asiatic tropics are many so-called 
ant plants in which ants have a perma- 
nent abode. The curious fact is that each 
kind of ant plant has its own kind of ant. 
Thus an epiphytic fern, Pohjpodium 
sinuosum , grows in Java on the branches 
of trees, and m its hollow rhizomes nests 
an ant called Iridomyrmex myrmecodiae. 
By one of the chances of distribution, 
this ant arrived on Krakatoa by itself be- 
fore the fern had settled there. Accord- 
ing to the biologist who first found the 
ants, they were running around nervous- 
ly, obviously lost. When I visited Kra- 
katoa several years later, I found the fern 
growing on branches of trees— and Irido- 
myrmex had settled m its rhizomes. The 
fern could only have been distributed m 
its spore form by the wind, otherwise it 
could not have started to grow on tree 
branches. The ant Iridomyrmex had 
lived on Krakatoa, alone and obviously 
unhappy, for many generations; the mo- 
ment its symbiotic partner arrived, the 
old symbiosis, so rudely interrupted by 
the chances of dispersal, was re-estab- 
lished. This certainly is a most interesting 
example of instinct and the tenacity of 
characters of adaptation. 

K RAKATOA is, of course, a limited 
experiment. In evolutionary botany 
we want to explain the distribution of 
plants over much greater distances, not 


25 miles as at Krakatoa, but 250 miles, 
2,500 or even farthei. If Krakatoa, how- 
evei , had been located at such a distance 
from the nearest vegetation, it would 
have taken too long for seeds to arrive 
there; it might have been thousands of 
years before an appreciable number of 
plants settled and made a new vegetation 
cover. 

Under most natural conditions, we 
actually have to count in millions of yeais 
when explaining the distribution of 
plants. Let us take another example from 
Java and Sumatra. Although these is- 
lands are fanly old m a geological sense, 
they did not have any high mountains 
until volcanoes developed on them. 
These volcanoes are of quite recent ori- 
gin, not more than a few million years 
old. They reach up to almost alpme alti- 
tudes, and none of the typical lowland 
tropical plants can grow on their tops. 
On the other hand, most of the kinds oi 
plants growing on their tops cannot pos- 
sibly grow in the steaming lowlands. At 
high altitudes on these volcanoes we find 
buttercups, gentians, brambles and blue- 
berries, which are nevei found at sea 
level in the tropics. They must have 
spread from volcano to volcano, and they 
must have done this during the last mil- 
lion years or so. Many of these volcano- 
hopping plants have edible fruits, and 
thus have a good chance to be spread by 
birds. But not all the volcanoes have all 
the plants growing on them that their 
climate and soil will allow This shows 
that a million years is not quite long 
enough foi chance to distribute seeds 
thoroughly over distances of up to 1,000 
miles. Another case m point is the plant 
Primula prolifera , which originated in 
the Himalayas. It is now found on a few 
volcanoes m Sumatra— a distance of 
about 1,500 miles from its place of 
origin. In Java, 500 to 1,000 miles far- 
ther on, this plant is found on only three 
volcanoes, although about 20 are high 
enough for it to grow on. We see here 
that Primula has not only hopped from 
volcano to volcano, but has skipped them 
as well. 

There have been other terrific volcanic 
eruptions, which sterilized hundreds of 
square miles. The explosion in Alaska m 
1912 of Mount Katmai, winch disap- 
peared and left only the “Valley of Ten 
Thousand Smokes,” annihilated the veg- 
etation over a wide radius. Katmai was 
on the mainland, however, and vegeta- 
tion was able to infiltrate the sterilized 
area slowly from undamaged areas far- 
ther away. Thus not much could be con- 
cluded from it about the mode of distri- 
bution of plants. The Krakatoa experi- 
ment still stands as the most instructive 
in history. 


F. W. Went is professor of plant 
physiology in the Kerckhoff Bio - 
logical Laboratories of the Cali- 
fornia Institute of Technology. 



What GENERAL ELECTRIC People Are Saying 


P. C. BOGIAGES 

General Engineering & Consulting 
Laboratory 

Aircraft Electricity: The advent 
of World War I brought definite 
demands for auxiliary power in air- 
craft. Its main purpose was to sup- 
ply radio and instruments. Experi- 
ence gained by the automotive in- 
dustry with the 6-volt system was 
utilized to adapt it to aircraft 
service, using an 8-volt charging 
generator. About 1925 use of a 12- 
volt system, originally developed 
for truck service, was inaugurated. . . 

The trend toward very large 
multiengined planes began in 1939. . . 
It soon became apparent that the 
12-volt system was inadequate to 
supply the additional loads essential 
to flight in these craft. . , A lighter, 
more efficient 24-volt system was 
the outgrowth of these difficulties . . . 

Experience with the 24-vo1l sys- 
tem led to the development of the 
120 -volt system, for which great 
expectations are held. This system 
is particularly applicable to large 
aircraft and may well become uni- 
versally accepted as the standard 
d-c system of the future. 

General Electric Review , 
July, 1919 

★ 

NEIL BURGESS 
J. C. BUECHEL 

Apparatus Department 

Thrust of Turbojets: The thrust 
available at low airspeeds in turbo- 
jet-powered aircrafL is substantially 
less than in propeller-driven air- 
craft. For example, a turbojet 
developing a sea-level static thrust 
of 5000 pounds delivers a net air- 
plane thru st -horsepower of approxi- 
mately 6000 at an airspeed of 400 
knots. An engine of this power driv- 
ing a propeller would develop sub- 
stantially more static thrust for 
takeoff use. In addition, since the 
turbojet is substantially more sensi- 
tive to changes in ambient pressure 
and temperature, the problem may 
be more aggravated in hot weather 
or at airports located several 
thousand feet above sea level. . . 

On the basis of our investigations 
it is concluded that thrust augmen- 
tation can be successfully applied to 


the turbojet engine by water in- 
jection or by exhaust reheat. Each 
type of augmentation appears to 
have definite advantages in certain 
aircraft applications. 

Combustion-chamber water in- 
jection can be added to the basic 
engine with no measurable loss in 
the performance of the engine and at 
an increase in weight of about 1 
per cent. The maximum amount of 
augmentation is approximately 18 
per cent under the sea -level static 
condition and is obtained with the 
expenditure of approximately 25 
pounds of injection fluid per hour 
per pound of additional thrust. 

Use of an exhaust reheat burner 
will increase engine thrust by ap- 
proximately 40 per cent under the 
sea -level static condition, and by 
substantially higher percentages 
under fligltL conditions, at the ex- 
pense of about 12 to 15 per cent in- 
crease in engine weight. Each pound 
of additional thrust obtained with 
exhaust reheat is obtained with the 
expenditure of approximately six 
pounds of additional fuel per hour. 
When operating as a normal turbo- 
jet engine, the reheat engine suffers 
a loss in performance of about 3 to 
5 per cent as a result of exhaust 
system losses. The type of augment 
tation is, however, well suited to 
the requirements of interceptor 
aircraft requiring large amounts of 
additional thrust at the expense of 
substantial increases in fuel con- 
sumption. 

Institute of Aeronautical Sciences , 
Royal Aeronautical Society, 
May 24, 1949 

* 

F. P. WILSON, Jr. 

Apparatus Department 

Materials and Processes: The 
layman can hardly appreciate the 
extent to which materials and proc- 
esses control and limit the develop- 
ment, design, and manufacture of 
electrical apparatus. Only by con- 


tinual development of new and bet- 
ter materials, and by processing 
them ever more precisely and 
economically is it possible to con- 
tinue producing <f more goods for 
more people at less cost.” For 
example, the life of a turbine is 
limited by the creep of an alloy 
steel, the safety of a ship may 
depend on the fatigue strength of a 
highly stressed gear, and the quality 
of the electric refrigerator requires 
the most exacting chemical control 
of the materials sealed into it for 
life. 

These requirements, which be- 
come more pronounced with the 
improved performance of estab- 
lished products and the ever-grow- 
ing variety of new products, con- 
stitute a challenge to the chemist, 
chemical engineer, metallurgist, 
physicist, and other scientists who 
can contribute in the field of ma- 
terials and processes. 

Chemistry provided the film on 
Formex wire, which, because of its 
toughness, permitted the elimina- 
tion of cotton covering. This re- 
duced the space required in coil 
windings and eliminated 6,000,000 
lb of structural materials per year 
in apparatus because of reduced 
size. This saving in space has also 
permitted the design of equipment 
to meet exacting requirements 
which otherwise would have been 
impossible. 

Tungsten carbide led to the 
formation of a new company. Alkyd 
resins set the stage years ago for 
the growth of what .is now the 
Chemical Department. Askarel rev- 
olutionized capacitor design; im- 
proved silicon steel reduced the size 
and cost of transformers; high- 
temperature alloys permit higher 
temperatures in steam-turbine op- 
eration and made the gas turbine 
possible; improved lubricants, new 
finishes, and synthetic insulation 
are only a few examples of labora- 
tory activity in the materials field. 

General Electric Review » 
July, 1949 
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COLOR was discussed by Goetlie in Farbenlehre (color theory) . This illus- 
tration, from 1842 edition of book, set forth sonic of his ideas on contrast. 



PLANTS were explained in Die Metamorphose dor Fflanzen (the metamor- 
phosis of plants 1 * Goethe thought fruits and nuts were variants of u ideal leaf.” 



by James R. Newman 


Goethe on Nature and Science, by 

Sir Cluules Sherrington. Cambridge 

University Pi ess (75 cents) 

k MONG the lectures and miscel- 
l\ laneous wntmgs celebrating the 
bicentenary of Goethe’s buth it is 
puzzling to find tribute to the gieat man’s 
scientific achievements. Sn Charles 
Sheirington’s essay (fiist issued m 1942 
and now leprmted with major additions 
and levisions) will not, I tiust, strike a 
sour note amidst these international jubi- 
lations, though it piovides a fairly judged 
coirective to lmgeiing misconceptions. 
For, as Sherrington makes cleai, what- 
ever else Goethe may have been he was 
not a scientist. Indeed, in this depart- 
ment of knowledge, as everyone not 
oveieome with heio- worship could by 
now have ascertained foi himself, Goethe 
was a magniloquent and befuddled boie. 
His scientific work is an assortment of 
erroneous conjectuies, m part based on 
supeificial experiments, given to the 
world with Olympian self-assurance and 
accompanied, m the most important 
case, by silly attacks on Sii Isaac New- 
ton. The story is easily documented 

“I do not attach importance to my 
woik as a poet, but I do claim to be alone 
m my time m apprehending the truth 
about color ” Thus wrote Goethe to the 
faithful and mdestiuctible Eckeimann. 
(Among all the creatures of eaith, per- 
haps the most remarkable are the few 
Boswells and Eckermanns, content to en- 
dure what must be endured m recording 
the unabridged utterances of gabby old 
men growing gabbier as they grow old- 
er.) What was the “tiuth about coloi,” 
as held hv Goethe 0 Fiom Buttner, the 
botanist, he borrowed some pi isms to 
perform the classical experiments of 
Newton. The famous Opticks which ap- 
peared m 1704 had shown that white 
light was composed of colored lights. 
This fact Goethe laudably set out to 
prove for himself. “One look through a 
prism,” writes Shemngton, convinced 
him that Newton was a fool. “To his 
amazement the white wall at which he 
gazed through the prism remained white. 
Color showed only where something 
dark edged the white. Color showed 
brightest of all on the window frames ” 
The experiment, trivial as it was, im- 
pelled Goethe further to develop and to 
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BOOKS 

Was Goethe a scientist? Hero worship 
has obscured the fact that he was not 


spread his own theones m print. (Blessed 
with good health and immense eneigy, 
he was always leady, when thus in- 
spired, to launch into song, poetry or 
piose.) His mam scientific laboi, highly 
puused among those who have not trou- 
bled to read it and/or know even less 
than he did about optics, was a large 
book on the theory ot color (Faiben- 
lehre ) . As a supplemental effort he pub- 
lished a sketch maligning Newton and 
ventured a number of satincal verses 
( Katzenpasteten , ie, 3 “cat-pies”) with 
Newton as then butt. 

The prism, he thought, implied a 
“naive attempt” to analyze not color but 
light. Light cannot be analyzed, he said, 
because it is “an elemental entity, an in- 
scrutable attribute of cieation, an ‘Em- 
ziges’ [an ‘only’] which has to be taken 
for gi anted.” And the manner of New- 
ton’s attempt! “Through a tiny hole to 
admit a poveity-stiicken thread ol light 
into a daikened room [Shenmglon’s 
paiaphiase], when by going into the 
open day any amount of it could be 
had— no wondci the students laughed 
and ran off'” 

In place of this “physicist's mathe- 
matics”— the phi use epitomized his con- 
tempt— Goethe advanced opinions based 
on the optics of Anstotle and his pupil 
Theophi astus— physicists whose views 
were somewhat outmoded by the 18 th 
centuiy though Goethe appealed to be 
unaware of it. The prism, he asseited, 
meiely introduced hundreds of compli- 
cations and “diagged in mathematics 
umvantedly.” It “pei petrated an experi- 
mental incoherence.” Light must be 
regarded as an Urphanomen (giound- 
phenomenon ) , it is “self-explanatory” 
and cannot be further decomposed, the 
color effects of a prism, or wherever 
else observed, are due to the * “cloudi- 
ness” or other attributes of the medium 
that is interposed between the source 
and the eye. 

The Farhenlehre offers an admirable 
example of pomposity m defending the 
concept of Urphanomen: “Faithful ob- 
serves of Nature, even if m other things 
they think very differently, neveitheless 
agree together that all which appears, 
everything that we meet as a phenome- 
non, must be either an original division 
which is capable of union, or an original 
unit which can be split and in that man- 
ner exhibit itself. To sever the conjoined, 
to unite the severed, that is the life of 
Nature; that is the eternal drawing to- 
gether and relaxing, the eternal syncrisis 
and diacrisis, the taking in and the pour- 


ing out of bieath of the woild m which 
we live, and move and die.” 

As for this “faithful obseivei of Na- 
tuie,” he pontificated not only that col- 
01 ed light was impossible, but that “tui- 
bidity ... is the initial 1 udiment whence 
is developed the whole science of clno- 
matics ” The moial of Wordsworth’s fa- 
mous line, “To the solid giound of natuie 
ti usts the Mind that builds for aye,” 
commended itself to Goethe, yet he pei- 
mitted neither mathematics, nor appa- 
ratus, nor, indeed, patient observation 
itself to intei fere with his intuition. One 
infeis that when he studied natuie he 
was less concerned with what it had to 
tell him than with the imaginings that 
filled his mind as a result of what he saw. 
Except for ceitam conclusions on the 
pi maples of contrasting colors— conclu- 
sions confirmed by Sheri ing ton’s own in- 
vestigations— Goethe’s theories of light 
and eoloi can haidly be taken senously. 
If Goethe’s descriptions, said Helmholtz, 
aie intended as physical . . [they 
make] no sense. . . . [They must be un- 
dei stood] only as figurative dramatiza- 
tions of the process.” A tactful defense. 

One of Goethe’s difficulties, writes 
Sheri ingt on, was the “piedommance of 
the visual in him ” He understood what 
could be pictured, or rather what he was 
able to picture. Absti actions, at least in 
relation to Nature, were abhonent. The 
mteiest of which he never weaned was 
m “the shapes assumed by life,” both 
plant and animal. He prefen ed, while at 
school, the company of anatomy students 
ovei law students— an understandable 
prefexence m any case, he “frequented 
the dissections”; he collected plant speci- 
mens and attempted, not too success- 
fully, to memorize the names of the 
Linnaean system. But his original con- 
tributions to the study, apart from giv- 
ing it the name morphology, by which 
it is now known, were woith little moie 
than his theory of color. In regard to 
leaves, for example, it came to him that 
“Nature kept in mind an ‘ideal’ leaf.” All 
leaves of whatever kind were variants 
of this “ideal”: petals, sepals, stamens, 
the shell of the nut, the flesh of the apple 
were merely “modifications” of the leaf. 
This was another theoiy which unfortu- 
nately turned out to be false. 

In studying animal forms he drew the 
conclusion that “the skull itself is verte- 
brae continuing those of the backbone.” 
Here, he thought, Nature, in creating 
backboned animals, strove for an “ideal 
vertebra.” “How far,” he exclaimed, 
“from the tortoise to the elephant, and 
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yet the gap is budged entirely bv intei - 
mediate forms 1 Because the whole senes 
belongs to one ideal t\ pe ” Latei ana- 
tomical leseai dies showed Goethe’s view 
to be mcoirect. 

He invented a “law” of the “correla- 
tion of parts ” It stated that the “long 
body of the snake is obtamed by depriv- 
ing the creatuie of limbs”, that the hog 
got its long legs at the expense of short- 
ening the body. In other words, as Shei- 
rington paiaphrases the law, “nothing 
new could be added to an animal- shape 
except at the cost of taking something 
away.” Goethe was so pleased with his 
discover y that he wrote a poem about 
it The “law” was another bad guess. 

This was the sum of Goethe’s science. 
Some nonsense about color, a false con- 
jectuie about leaves, another about the 
skull; a law of coi relation which Sher- 
rington labels “a clumsy error.” Yet one 
hears it said that Goethe was an accom- 
plished scientist, a universal genius who 
created much m this field and might 
have created more had there been fewer 
demands on his time. 

Sherrington points out that Goethe 
possessed neither the temperament nor 
the dismteiestedness necessary to a sci- 
entist. He was a poet, a pantheist and an 
enthusiastic observer of nature— an ob- 
server, that is, where no tiresomely com- 
plicated instruments or calculations were 
lequiied. The least datum might serve 
him as a basis for a grandiose system. He 
had neither the patience noi the humility 
to reflect, to add fact to fact. On discov- 
ering some new point— new to him— his 
first inclination, and often his last, was to 
leap to a theory and to break into verse. 
There is no reason to believe that he had 
a remote inkling of the concept of evolu- 
tion, though admireis, straining the 
words of some poem or apothegm, have 
called him Darwins precursor. He had 
no notion of heredity but instead ac- 
cepted “nurtuie” as the determining in- 
fluence in natural change. He could not 
tell a lark from a sparrow; he was a lover 
but not a knower of nature. 

Thioughout his life Goethe was a 
staunch conservative, a fuend, m his 
own words, of the “established order”; 
an enemy of skepticism and equality 
alike. This conservatism found expres- 
sion in his literary works and, one may 
suppose, m his scientific beliefs. I have 
noted that Aristotle’s methods served 
him for both inspiration and model. Ex- 
amine the implications of this conserva- 
tism and you will discover, I believe, an 
important clue to his lack of success in 
science. What I mean is this The phiase 
“science moves forward” is, in a sense, 
misleading. Fundamental discoveries are 
not so much a “moving forward” as a 
destroying of older theories and the re- 
placement of them by newer and better 
ones. In this game the cautious, conser- 
vative player usually comes off poorly. 
One may reason that Goethe was more 
inhibited as a scientist by rigidity of out- 


look than by inadequate training m 
physics, botany and zoology. It is sur- 
prising to learn how often men schooled 
primarily in one field have been able to 
enrich anothei * “It is no accident [I 
quote fiom C. D. Dailmgton’s Conwav 
Memorial Lectuie] that bacteria weie 
first understood by a canal engineer, that 
oxygen was isolated by a Umtaiian min- 
ister that the theory of infection was 
established by a chemist, the theory of 
heredity by a monastic schoolteacher, 
and the theory of evolution by a man 
who was unfitted to be a university in- 
struct oi m eithei botany or zoology ” As 
a lawyei, government official, theatre di- 
rector, pamtei, poet and novelist, Goethe 
gave sufficient evidence of versatility so 
that it was not beyond expectation that 
his passionate love of natuie and pio- 
fessed love of science would issue m 
ci eative achievements . 

Yet it came about that, living at a 
time when Boyle had founded modern 
chemistry and Lavoisier, Cavendish and 
Dalton “had established it”; when New- 
ton’s vast discoveries had led Lagrange 
and Laplace to further gieat achieve- 
ments; when the physical, biological and 
mathematical sciences weie m a state of 
ferment and unparalleled growth, he 
“lay becalmed, so to say, in a small 
quasi-scientific backwater.” In almost 
every respect, Goethe’s thinking was re- 
mote horn the positions science had al- 
ready reached. The names he used, the 
qualities he ascribed to natural forces 
“were shot through with anthropomor- 
phism, which, unless used purely as 
metaphoi, is the occult.” In his scientific 
judgments we are back, says Shei ring- 
ton, m the “mediaevum and early renais- 
sance.” 

Scientific progiess rests on measure- 
ment and number, on patient watching 
and testing, it depends also upon a spe- 
cial sort of insight and imagination re- 
garding the crucial things of the physical 
world, the things to be singled out as sig- 
nificant fiom a multiplicity of phenome- 
na. Goethe was neither disposed to sub- 
mit to science s discipline nor so divinely 
gifted that he could affoid to disregard 
it. If anything, the imaginative powers 
that served him in literature betrayed 
him in scientific thought; perhaps one 
should go further to ask whether his lit- 
erary works are not marked by the traits 
which handicapped him m science. 

It remains to add that no living man 
is better qualified than Sir Charles Sher- 
rington to appraise Goethe on nature and 
science. A giant among scientists, a 
philosopher, a distinguished literary fig- 
ure, an old man, wise, sympathetic, un- 
sentimental and unafraid, Sherrington 
embodies the virtues and talents so often 
ascribed to Goethe himself. 


A nimal Encyclopaedia; Mammals, 
- by Leo Wender. Oxford University 
Press ($4.50). From Aardvarks to 
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Zwart- wit-pens, a handy dictionary of 
1,500 mammals, giving for each species 
facts about height, weight, coloi, habi- 
tat, and occasional cunosa The Romans 
fattened and ate the Fat Dormouse, the 
Coypu, whose coat gives “nutria,’' is 
reaied on fur faims “from which it fre- 
quently escapes”, the House Rat is ar- 
boreal, entering buildings by loofs and 
windows, while the Brown Rat is a bur- 
rower and swimmer, coming m through 
the drains; there are common, notch- 
eared, leaf-nosed, epauletted, hairy- 
armed and han -footed bats There is also 
a Sombre Wallaby. The illustrations and 
leproduction, however, leave something 
to be desned. 

S tudies in Philosophy and Science, 
by Mora is R. Cohen. Henry Holt & 
Company ($4.50). A collection of scat- 
tered articles and book reviews gathered 
from the writings of the noted philoso- 
pher who died m 1947. It includes his 
sharp critique of Francis Bacon and the 
inductive method, the celebrated expo- 
sition of the theory of relativity written 
for The New Republic in 1920, The 
Faith of a Logician , and a number of 
essays on John Dewey, Hegel, Benedetto 
Croce and Josiah Royce. Professor Cohen 
wrote with clarity, foice and wit, and 
even these essentially minor pieces show 
the range and grasp of a distinguished 
intellect, of a widely honored and be- 
loved teacher who deeply influenced, m 
their formative period, a number of the 
leading contemporaiy American philoso- 
phers. 

J anes All the Worlds Aircraft, 
1948. The Macmillan Company 
($20.00). This new edition of Jane's 
Fighting Ships' younger cousin main- 
tains the high standards of earlier years 
in the face of mounting difficulties due 
to the aap id congealing of all channels 
of military information. The air minis- 
tries and depaitments of the world are 
more on the defensive and thus even 
touchier on the subject of secuiity than 
the various armies and navies. The illus- 
trated record of U. S and British air- 
craft production during the last year 
constitutes two thirds of the book. The 
diversity and preponderance of mili- 
tary aircraft are astonishing, the most 
unlikely monster designed to gratify 
unfriendly impulses being Northrop Air- 
craft’s Flying Wing. “Russia,” as Leon- 
ard Bridgman, the editor, remarks m 
the preface, “remains an enigma.” The 
Red Air Force section has been entiiely 
revised, now occupying 14 pages (in- 
stead of only six pages, as last year) ; but 
the jet-propelled Ilyushin and Tupolev 
bombers, the Mig (Mikoyan and Gure- 
vich) jet fighter, the new Yak 15 turbo- 
jet— the newest models and types, m 
other words— are not displayed by means 
of photographs but rather as artists' 
sketches prepared on the basis of infor- 
mation obtained “from cme film exposed 


from the giound through a telescopic 
lens ’ at the 1947 Aviation Day display 
m Moscow 

C hristian Huygens and the Devel- 
opment of Science in the Seven- 
teenth Century, by A E. Bell. Long- 
mans, Gieen and Company ($4.50) A 
clear, lead able account of the life and 
work of one of the foremost scientists of 
the 17th century. Huygens has to his 
ciedit the Hist accurate pendulum clock, 
a geometrical tieatment of the leflection 
and refraction of light, a considerable 
extension of the science of mechanics in- 
cluding the first satisfactory foimulation 
of the natuie of centnfugal forces, major 
impiovements m the telescope and the 
discovery of the lings of Saturn. He was 
not, however, as is often stated, a pro- 
ponent of the modern wave theory of 
light, although he did suggest a “pulse 
theory.” Di. Bell's book is divided into 
two parts, biographical and scientific, a 
plan not without its disadvantages. The 
book serves a useful purpose for the gen- 
eral reader, there being no other modern 
or English biography of this pioneer 
scientist whom Newton, not given to ex- 
travagant tribute, praised as “the most 
elegant mathematical writer of modern 
times, and the most just imitator of the 
ancients. . ♦ /' 

U nresting Cells, by Ralph W. Ger- 
ard. Harper and Brothers ($4.00). 
In the past few decades physicists have 
made a number of ambitious attempts to 
explain physics to the educated layman. 
Similai writing by biologists has usually 
been limited to smaller segments of bi- 
ology, doubtless because of the greater 
specialization of the ‘biological sciences. 
Unresting Cells is a notable exception. 
The author, professor of physiology at 
the University of Chicago, has covered 
a wide range of such subjects as metab- 
olism, enzymes, growth, reproduction, 
differentiation and heredity in a literate 
and detailed way. The book was first 
published nine years ago, but was 
quickly out of print because of wartime 
restrictions. It has now been repiinted. 

A cetylene Chemistry, by Julius 
u Walter Reppe. Chailes A. Meyer & 
Co., Inc. ($10.00). During the war 
J. Walter Reppe, head of I. G. Farbens 
mam research laboratories, became some- 
thing of a legend among the worlds 
chemists. The Germans wanted to build 
a chemical industry that was inde- 
pendent of their scarce supplies of oil 
and gram, so Reppe and his men devised 
remarkable processes utilizing the dan- 
gerously reactive gas acetylene, which 
can be made from coal [Scientific 
American, January]. At the end of the 
war Reppe was interned in “Camp 
Dustbm” and put to work writing his 
chemical memoirs. The present volume 
is a translation of the highly technical 
but historically important result. ' 
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THERE is a world of information, pleasuie, 
and inspiration for amateur astronomers m this 
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astronomy, telescopes, telescope mountings, and 
other necessary or desirable equipment — every- 
thing, in short, that anyone needs to know to 
get properly started as a skyshooter, and to be 
reasonably certain of success That camera sky- 
shooters can produce astronomical pictures of 
great beauty is abundantly proved by the book’s 
59 illustiations, all but four of which wete 
made by nonprof essionals. 17 tables. $3.75 
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THE WIND 

The Habits of 
W eb~W saving Spiders 

By Winifred Duncan 



THIS is the story of a two-year voyage of 
discovery into the little-known world of the 
web- weaving spiders, sweeping away the all- 
too-common misconception that spiders must 
ptoperly be viewed with disgust. Abundantly 
illustrated with the authors’ drawings, it is 
more than a significant scientific field report It 
shows the web-weavers as superb architects and 
engineers . permits the reader to eavesdrop, 
not once but many times, on their seasonal ac- 
tivities, including the seldom-observed mating 
dances 388 pages. $4.50 
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MAKE YOUR OWN 
HIGH POWERED 

REFLECTING 

TELESCOPE 

FOR ASTRONOMICAL AND TERRESTRI- 
AL OBSERVATION, INCLUDES 4" DIA. 
ALUMINIZED MIRROR. COMPLETELY 
FINISHED OPTICS-125 POWER $6,50 

The optics ore completely finished and 
ready to mount in a tube. The tube may be 
metal, plastic, or even cardboard. The 
telescope can be completed in one evening 
of easy work and will provide a source of 
never ending pleasure. With it can be seen 
the rings of Saturn, Moons of Jupiter, 
Phases of Venus, hundreds of mountains and 
craters on the moon, etc. The 4-inch diam- 
eter mirror has been ground and polished 
from a thick plate of optical glass to extreme 
accuracy and then hard aluminized for high 
reflectivity and great durability. Also in- 
cluded are several eyepiece lenses giving 
magnifications of 25X, SOX, 75X, 100X, and 
T25X, a standard 1V4 inch diameter eye- 
piece, an opticaijy flat mirror for erecting 
the ima^e and viewing terrestrial ob|ec+s, 
an eyepiece tube, an optically flat alumin- 
ized diagonal, and instructions, all for only 
56.50 
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Conducted by Albert G. Ingalls 

J OHNSONIAN is the name suggested 
by this writer for a new type of 
Giegorian telescope devised by 
Lyle T. Johnson, a physicist amateui 
astronomer of La Plata, Md. Johnson 
gave much thought to the evil effects of 
the conventional secondary minors that 
aie used m compound telescopes, and 
that are best adapted to observing the 
planets because they magnify highly. 
These secondary mirrors lie squarely in 
the path of the incoming light. Not only 
do they cut off some of it, hut they cause 
a bending of the rays that graze their 
edges. This diffraction lenders the mi- 
ages less distinct and reduces planetary 
contrast. 

Seeking ways to reduce tills obstruc- 
tion, Johnson proposed to take the see- 
ondaiy mirror entirely outside of the 
tube, and leave in its place only a tiny 
diagonal flat mirror to reflect the rays to 
this secondary. His final arrangement is 
shown m the drawing on page 63, where 
it will be seen that only one off-axis side 
of the secondary mirror is employed. In 
Johnson’s first solution the center of the 
same mirror was used, but he quickly 
saw that the same rays would then pass 
the diagonal minor twice, thus laigely 
annulling the reduction m diffi action 
due to the reduced size of the diagonal 
miia or. He by-passed the diagonal by 
using an off-axis ellipsoidal mirror— that 
is, the side of a larger ellipsoidal— the re- 
maining part being left nonfunctional 
“This telescope/' he wrote when he 
first proposed it m this depaitment in 
July, 1944, “should approach the per- 
formance of a refractor more closely than 
anv other type of reflector/’ Now that the 
first Johnsonian telescope has been built, 
he is able to write, “I have been using 
my new 10-inch modified Gregorian 
since last November, and am very 
pleased with its performance. I have had 
excellent views of Saturn and have seen 
nine belts on Jupiter. 

“This telescope was designed pri- 
marily for planetary observing and has 
an equivalent focal length of 15 feet. 
The square skeleton tube is mainly of 
aluminum and the rest of the telescope 



is steel. Foi photogiaphic use, a 40- 
pound war-sui plus K-19 aerial camei a 
with 13h-mch focal length, /3.5 Eastman 
anastigmat lens, is attached to the same 
mounting. The camei a is not an integral 
part of the telescope When attached it 
shifts the tube’s center of giavity towaul 
the eyepiece, making it easier to leach. 

“For a findei, a thiee-mch f5 wai- 
surplus objective is mounted m the coi- 
ner of the tube A wai-suiplus flat leads 
the light from this to a second fiat, which 
may be slid into position m fiont of the 
eyepiece dm mg use of the finder. 

“The telescope pier is m the center of 
a 12-foot-square obseivmg flooi. An 
aluminum-covered housing protects the 
instrument when it is not in use. 

“This type of telescope has a numbei 
of advantages. The secondaiy of the con- 
ventional 10-inch Cassegrainian oi 
Gregorian telescope is usually about 
three inches m diameter, and die diag- 
onal fiat of a Newtonian about two inch- 
es. This large central obstruction causes 
extensive diffraction effects that impair 
definition. The modified Gregonan, how- 
ever, has a central obstruction of less 
than “Finch diameter, reducing diffrac- 
tion effects and improving definition. 
The loss of light due to the central ob- 
struction is 5 pei cent, compared with 
5 or 10 per cent m the usual reflector. 
This gam, however, is approximately 
canceled by the loss in the third iefl.ee- 
tion. Hence the over-all transmission of 
light is about the same as in a conven- 
tional two-mirror telescope 

“The long focal length is especiallv 
good foi planetary obseivmg, as it makes 
possible high powers with medium focal- 
length eyepieces. The slender cone of 
light favors the eyepiece but may in- 
crease the conspicuousness of ‘ghosts’ in 
some Ramsden and Kellner eyepieces, so 
I use mostly oithoscopic eyepieces and a 
Hastings triplet. With these I get mag- 
nifications of 180, 250 and 300 diameters 
and, with a Kellner eyepiece, occasional- 
ly up to 490-hut at the Newtonian 
focus, as low as 38 diameters with two- 
degree field: nearly a nchest-field tele- 
scope. A stop may be placed at oi very 
near the primary focus to reduce stiav 
light entering the eyepiece. 

“The telescope may be ananged to 
use the Newtonian focus without dis- 
turbing the Giegoiian flat m any way. 
The Newtonian eyepiece is so close to 
the Gregorian eyepiece that the same 
slow-motion controls may he used at 
either position. 

A conventional Cassegrainian or 
Gregorian must have a high pier, to per- 
mit comfortable access to the eyepiece at 
the lower end of the tube. Such an ar- 
langement puts the Newtonian eyepiece 
high up where it is difficult to reach. A 
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modified Giegoimn can use a lovvei pier, 
thus making both eyepieces more acces- 
sible. With my telescope I can observe 
any pait of the sky without climbing 
more than 18 inches off the observing 
floor, and if I had built it with a i otatmg 
tube I would never have to climb at all. 
The lower pier also makes possible a 
smaller shelter or dome. 

“Each mnroi, primary and secondaiy, 
may be tested by itself For the test thcie 
is no need for a lai ge flat, and no possi- 
bility that eriois m one mnror will mask 
those in anothei 

“The paiaboloidal primary may be 
tested by the usual methods, but must 
be veiy accuiate, as any eriois in it will 
be magnified by the ellipsoid It may be 
given a gi eater local length than is pos- 
sible with conventional Cassegramians 
or Gregonans, making its testing and 
figuring easier, and also making it moie 
suitable foi use at the Newtonian focus. 
Paiaboloids of medium focal length are 
easier to make than those of short focal 
length, and ellipsoids with small ampli- 
fying ratio aie easier to make and test 
than those of higher amplifying ratio. It 
follows that modified Giegorians, with 
pumary mnrors of /G to /S and second- 
aries of amplifying ratios hom two to 
tlnee, aie much easier to make than con- 
ventional compound types, with prima- 
lies of /3 to /5 and ellipsoids of focal 
ratios liom tlnee to five ” 

These are the advantages of the John- 
sonian. 

T HE six-mch ellipsoidal secondary 
proved to be much easier to make 
than the 10-mch paraboloid. It was to 
have a radius of curvature of 10.8 inch- 
es, or a speed of / 9, and almost half an 
inch of glass had to be removed from the 
center. This was done by hand tools— 
glass caster cups of 2%-mch, tlnee-mch 
and four-inch diameter, used in that se- 
quence. Grinding was concenti ated in 
the center until a hollow of about the 
light cuivature developed, and then the 
strokes were lengthened until this hol- 
low spread to the edge of the disk. With 
No. 80 Carbo 22% houis weie required, 
and five castei cups weie worn out. 

“When the fine grinding was finished 
the minor was given an horn's polishing 
and tested at the center of curvature. It 
was found to be a sphere. With the pin- 
hole moved to the F* position and the 
knife-edge to the F 2 position, the ap- 
parent figure resembled that of an oblate 
spheroid tested at the center of cuiva- 
ture. The difference in knife-edge set- 
tings from center to edge was about 
three inches. 

“Rough figuring was done with emery, 
alternated with short spells of polishing 
to permit testing. When figuring a semi- 


polished suiface with emeiy it is easy to 1 
tell whether the tool is grinding m the 
light place, as the mil r or loses its polish 
soonest m the zone where the grinding 
is gieatest. It was necessary to return to 
emeiy six times before the surface was 
close enough to the desued ellipsoid to 
permit figuiing by polishing. Most of the 
rough figuiing was done with a three- 
inch tool. 

“Ceiia was used for most of the polish- 
ing, but it was found that the minor was 
being scratched, so the job was finished 
with louge. A soft, 2%-mch lap was 
found best foi polishing so radical a de- 
paituie from a spheie 

“In testing the ellipsoid the pinhole 
was placed at F 1 and the knife-edge at 
F 2 . The desued ellipsoid darkens nm- 
foimly and appears fiat, no zonal meas- 
uioments being necessaiv. The pinhole 
was in the end oi a 1 j-mch-diametei cyl- 
inder and was illuminated by a flash- 
light bulb, with a piece of giound glass 
between bulb and pinhole. Pinholes weie 
made m heavy foil and were easily intei - 
changeable. 

“This test setup had two diawbacks 
First, the miuoi wasn’t evenly illuminat- 
ed by the pinhole, making it difficult to 
distinguish the shadows near the edge of 
the mirror. Also, convection eunents that 
rose from the lamp housing aftei it had 
been in use for a few minutes made shoi t 
periods advisable m testing Neverthe- 
less, the ellipsoid was figured with this 
setup These drawbacks could be over- 
come by using the method described m 
Amateur Telescope Making, page 869’ 
a diop of meieury on the end of a stick. 

“As a further test a .165-mch eyepiece 
was placed at F 2 to examine the image. 
A numbei of pinholes weie made nr 
aluminum foil, and the smallest was se- 
lected. This was then partly closed by 
pushing the ragged edges back into the 
hole, leaving a veiy inegulaily shaped 
hole with a length of .0015 inch. Details 
m the jagged edges of the hole, with di- 
mensions of less than .0001 inch, could 
easily be seen. The theoretical lesolvmg 
power of a 10-mch telescope is .45 sec- 
ond, which would be .00013 inch at the 
pnmai y focus. Thus the ellipsoid takes 
full advantage of the resolving power of 
the primary. Any stretching or move- 
ment of the detail as the eyepiece is 
moved into oi out of focus may indicate 
astigmatism. If the direction of such 
movement does not rotate with the mir- 
ror, the astigmatism is in the testing ap- 
paratus. 

“In making any of these tests of the 
ellipsoid the apparatus had to be posi- 
tioned very accurately. Luckily, the mir- 
ror was so close to F 2 that it could be 
moved with one hand while looking 
through the eyepiece. Coma becomes 
rather evident with any slight misalign- 
ment of the apparatus. 

“The same apparatus was rearranged, 
as shown in the drawing on page 62, to 
test the small prism that was to be used, 
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and three brilliantly fluo- 
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POLAROID 
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Finder , objective, curved spider 


with its hypotenuse face toward the re- 
flected cone o£ rays, as a diagonal. The 
image was examined with the eyepiece. 
The prism was arranged so that almost 
the entire ellipsoid was illuminated. The 
prism-face dimensions needed were Tdo 
by % inch. The components were ar- 
ranged almost as they are in the com- 
pleted telescope, yet the sensitivity to 
error was much greater m the test, be- 
cause the entire aperture instead of only 
an off-axis portion of the ellipsoid is used, 
and thus the light leaves the mirror in an 
/4 instead of an flS cone Nearly the en- 
tire surface of the prism is used to form 
the image of a single point, while in the 
telescope only a }i 2 -mch-diame ter area 
is used to form the same image. The 
high-power (.165-inch) eyepiece used 
in the test would give much too high a 
magnification on the telescope— 1,070 
diameters. 

“The tiny diagonal reflects the light to 
a two-inch portion of the six-inch ellip- 
soid. Actually, the flat was placed half 
an inch beyond the focus of the pnmaiy, 
since at the focus any dust on its surface 
would be sharply in focus at the eye- 
piece. Also, if the flat is placed inside 
the primary focus the ellipsoid may be 
so proportioned as to bring the eyepiece 
closer to the tube, (If it is desired to 
make photographs at the prime focus, 
the flat may be placed far enough out- 
side the focus so that the film holder can 
be attached at the propei position with- 
out disturbing it. But with the flat out- 
side the focus collimation would be more 
complicated.) 

“As in any compound telescope, the 
optics must be held in rigid alignment 
and must be easily adjustable. For col- 
limation, crosslines were scratched on 
the cell of the ellipsoid with their inter- 
section over the center of the mirror. A 
tube 1/4 inch in diameter, with cross-hairs 
in one end and a peephole in the other, 
was placed in the eyepiece tube. The 
eyepiece mount was tilted until the cross- 




Testing the ellipsoid and prism 


hairs, made of thread, were lined up with 
the cross-scratches on the cell of the 
ellipsoid. This tube was then removed 
from the eyepiece tube and a ring with 
cross-hairs placed over the end of the 
eyepiece tube. 

“A frame with cross-hairs was then 
clamped to the diagonal mount in such 
a way that the cross-haiis could be ad- 
justed until they were exactly at the 
primary focus. Tlus frame was adjusted 
until its cross-haus were in line with the 
cross-scratches on the ellipsoid cell and 
the cross-hairs at the end of the eyepiece 
tube. The cross-hairs were also adjusted 
until they were Y± inch from the center 
of the diagonal. 

“The eyepiece mount was then fo- 
cused until the distance between the two 
sets of threads was 14h inches, which 
was the distance between and F 2 as 
determined when testing the ellipsoid. 
The ellipsoid was then adjusted, longi- 
tudinally and by tilting, until the thnee- 
magmfied image of the first set of cross- 
hairs was coincident with the cross-hairs 
at the end of the eyepiece tube. 

“To determine whether the image and 
the second set of cioss-hairs were m the 
same plane, they were tested for parallax 
by watching them while moving the 
head from side to side. If there is no ap- 
parent movement of the image with re- 
spect to the second set of cross-threads, 
they are in the same plane. If the image 
moves in the same direction as the eye, 
it is farther from the eye, and the ellip- 
soid must be moved closer to the primary 
focus. If the cross-hairs move m the same 
direction as the eye relative to the image, 
the image is between them and the eye, 
and the ellipsoid must be moved away 
from the primary focus. The distance the 
mirror must be moved is one third the 
distance between the second set of cross- 
hairs and the image of the first set, so the 
test is very sensitive. 

“With the ellipsoid properly adjusted, 
the diagonal could be adjusted. It was 
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moved longitudinally and tilted until the 
reflection of the lower end of the tele- 
scope tube was properly centered when 
looking into the eyepiece tube. 

“The 10-mch paraboloid was then at- 
tached to the tube and squared approxi- 
mately. The ring with cioss-hairs was 
removed from the eyepiece tube and an 
eyepiece inserted. The paraboloid was 
moved longitudinally until the primary 
focus was coincident with the cross-hairs. 
This may be done with great accuracy by 
focusing the* telescope on a distant ob- 
ject and then moving the paraboloid un- 
til the cioss-hairs and the image of the 
distant object are in the same plane. This 
was tested by the parallax method, just 
as when adjusting the ellipsoid, except 
that now an eyepiece was used. If the 
object image appeals to be beyond the 
cioss-hair image, the mirror is too far 
down the tube and must be moved up. 

“The mirror was first adjusted on a 
house two miles distant, but when turned 
on a house four miles distant was found 
to require readjustment, so the final ad- 
justment was made on the moon. 

“The paraboloid was then accurately 
squared on, making use of a dot of paint 
in its exact center. The position of the 
image plane was again checked. The 
cross-hairs were removed from the diag- 
onal mount, as the telescope was now m 
collimation and ready for use. 

“The parallax method of adjusting the 
mirror was found to be so sensitive that 
the fo?al plane of the primary could ac- 
tually be located precisely between the 
two crossing threads, which moved in 
opposite directions when the observer 
moved his head. 

“A Newtonian of the conventional /8 
ratio can be made more suitable for 
planetary observation by converting it 
to an /16 or fl8 modified Gregorian. To 
convert a 10-inch telescope from fS to 
/18 or longer, the ellipsoid would be 
made, for example, from a 4/2-inch Pyrex 
disk. The radius of curvature would be 


8% inches, sagitta H inch, p would be six 
inches and p ' 13 la inches. To get a field 
one inch m diameter at the eyepiece a 
.56-inch flat would be needed. If the 
Newtonian does not have a first-class 
paraboloid, however, it would be a waste 
of time to convert it. 

“The modified Gregorian has a doubly 
inverted field. North is at the top and 
west at the left, just as on a map. 

“The following formulas may be used 
for determining the mirror proportions 
when the small flat is inside of the prime 
locus. The formulas are not all exact, 
since some approximations were made in 
their derivation, but they are close 
enough for use. 

“Diameter of field at secondary fo- 
cus=I 

“Diameter of field at prime locus—/— 

I/A 

“Amplification factor, ellipsoid=A= 
p'/p 

“Mirroi diameter=M 
“Focal length of primary=F 
“Equivalent focal length=AF 
“Distance, primary focus to flat — b 
“Width of &nt^E=[Mb + i(M-b)] 
/F 

“Diameter of off-axis portion of ellip- 
soid used=D= [MP+i(F+p) ]/F 
“Diameter of cone between off-axis 
part of ellipsoid and eyepiece at point 
where it crosses optical axis=C = [ (p'— 
p-b) {D—I)/p'] TT 

“If the small diagonal were outside of 
tho pnme focus, + b would be used in 
the formula for C> all other formulas re- 
maining the same, 

“Distance from center of ellipsoid to 
edge of off-axis area of e\\iipsoid=d=pp t 
[(C+E)/2 (p+b) (p'-p)l-D/ 2 
“Minimum radius of blank needed to 
make ellipsoid— r— D + d 

“Radius of curvature of ellipsoid=R=2 

p’p/(p'+p) 

“Remaining to be completed are the 
driving clock, right ascension circle, eye- 
piece and flat for the Newtonian focus.” 
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A dramatic and entertaining book ex- 
plaining the basic methods for finding 
out about the sun. It evaluates and dis- 
cusses the sun as it affects our natural 
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One of the important American liber- 
ties is the freedom a company has to 
begin business, and not only that, but to 
grow and expand as it develops possibili- 
ties for increased service Revere is espe- 
cially conscious of this at the present time 
because we are again in a period of 
growth — the new Revere aluminum strip 
mill has just begun to roll The mill pro- 
duces aluminum strip in coils up to 24 
inches wide, and 037 inch and thinner 
We can supply coiled metal up to 70 
pounds per inch of width, for those firms 
which like to set up for long runs The 
strip is being rolled in 2S, 3S, 4S and 
52S alloys, thus offering a wide choice. 

Thus Revere know- 
how in metal once again 
is being applied to alumi- 
num It w T as in 1922 that 
we began to make alumi- 
num extruded shapes in 
special designs to cus- 
tomers 5 orders This was 
a logical extension of 
Revere's skill, since we 
had long previous experience with the 
production of such shapes m copper al- 
loys, and were well acquainted with the 
techniques involved. Success with alumi- 
num shapes proved that the application 
of those skills to the newer metal was not 
only practical, but of value both to Revere 
and its customers. Later, we entered the 
growing market for aluminum forgings, 
and since non-ferrous forging is a famil- 
iar process to us, we were immediately 
successful in producing intricate and 
difficult parts as well as those offering 
only the usual problems Subsequently, 


we applied our skill in tube manufac- 
ture to aluminum and began the pro- 
duction of tube in aluminum alloys in a 
wide variety of diameters and gauges 
In all, Revere has had some 27 years 
of experience with aluminum In the case 
of aluminum strip, we are entering a sub- 
division of the aluminum market that re- 
quires a combination of conventional and 
special skills Producing a coil of alu- 
minum strip 24 inches wide and weighing 
16S0 pounds is not too easy, but we know 
how to do it. We consider this just as 
important a contribution as the ability 
to provide smaller coils for customers 
needing less metal It will also be noted 
that Revere specializes in 
thicknesses .037 inch and 
thinner. Some of the thin- 
ner gauges are difficult to 
roll — but Revere knows 
how to do it perfectly 
Here again, we feel we 
have a service to render. 
If one word could sum up 
that service, it would be 
“flexibility", which connotes such things 
as being able to move fast without fum- 
bling in this special strip business, per- 
sonal attention to the individual require- 
ments of customers ; and a large amount 
of adaptability to demand. 

Such a process of widening the appli- 
cation of skill and experience has marked 
the growth of our business, and of Ameri- 
can business as a whole It is a healthy 
kind of growth for every company, for 
through it, goods and sendees of all kinds 
are made more plentiful, and the welfare 
of all the people heightened. 
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i Look for 
SELECTION 

( B&A offers over 1,000 reagents 
and fine chemicals ) 



I Look for 
PURITY 


( B&A Reagents always meet or 
exceed A.C.S, specifications) 
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“specify B&A.” 
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effort and money when you obtain your 
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this one dependable source. Free copies 
available from nearest office listed below* 
Remember too, that extensive stocks of 
B&A Reagents are carried at Baker & 
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build its stock to supply your special day- 
to-day requirements. Take advantage of its 
services now ! 
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Hundieds ol thousands are now enjoy- 
ing RCA’s thrilling new way of playing 
lecoids . . they marvel at its wonderful 
tone . . . and the speed with which it 
changes lecoids. 

Prolonged research is behind this achieve- 
ment, research which sought— for the fust 
time in 80 years of phonograph histoiy— a 
record and automatic player designed for 
each other. 

Revolutionaiy is its record-changing 
principle, with mechanism inside the 


central spindle post on which records 
are so easily stacked. Result: a simpli- 
fied machine, that changes records in 
5 seconds. 

Remarkable, too, are the new records — 
only 6% inches in diameter— yet giving as 
much playing time as conventional 12-inch 
records. Unbreakable, these compact vinyl 
plastic discs use only the distortion-free 
“quality zone". . . for unbelievable beauty 
of tone. 

Value of the research behind RCA s 


45 rpm system— which was staited 11 
yeais ago at RCA Laboratories— is seen 
m tire instant acceptance, by the public, 
of this better way of playing lecords. 
Music lovers may now have both the 45 
ipm system, and the conventional *‘78." 

* * i- 

Development of an entirely new lecord - 
playing principle is just one of hundreds of 
ways in which RCA ; escarch works for you . 
Leadership in science and engineering adds 
value beyond price to any product of RCA, 
or RCA Victor . 
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Sirs. 

The tendency of the pendulum of 
opinion to overswing is quite as notice- 
able m the scientific world as elsewhere. 
Only a lew years ago D. M Barringer 
and his associates were waging an uphill 
but eventually successful campaign m 
the pages of the Scientific American to 
prove that one terrestrial meteorite crater 
(and that the most obvious one) actu- 
ally had its* origin m meteontic impact. 
In the July issue of tire same magazine 
Ralph B. Baldwin takes the position that 
all of the millions* of craters on the moon 
are meteorite crateis. Furthermore, Bald- 
win's extravagant views have been sanc- 
tioned in the first published review of his 
recent book, The Face of the Moon (see 
Fred L. Whipple, Sky and Telescope , 
August, 1949, pp 258-59 ) . 

The satisfaction felt by meteoriticists 
that scientists of the caliber of Baldwin 
and Whipple are now actively engaged 
in the development of meteoritics, a field 
too long ignored bv the geologist and 
the astronomei, must be tempered by 
concern that hasty acceptance of such 
extreme views as Baldwin's react to dis- 
credit the new science. This letter has its 
origin in such concern. Its purpose is to 
raise a number of objections which either 
render most improbable Baldwin's thesis 
that all lunar craters are of impact (i 
extrinsic) origin; or which bring out cer- 
tain redundancies or inadequacies m the 
evidence Baldwm has presented in sup- 
port of Iris views; or which make clear 
that in his precipitate abandonment of 
all intrinsic theories of lunai crater for- 
mation, he has entirely escaped coming 
to grips with the most modern and, in 
the writer's opinion, the best-founded 
explanation of the craters on the moon, 
exclusive of the so-called ray craters. 

Summarized briefly, these objections 
are as follows: 1) It is extremely un- 
likely that the observed distribution of 
craters on the moon arose by chance, as 
would necessarily he the case if these 
craters had been produced by a random 
fall of meteorites on the lunar surface. 
2) Contrary to Baldwin's conclusion that 
only meteoritic impact explosions could 
produce on the moon craters with the 
characteristics observed in the lunar 
craters, the most recent intrinsic theory 
of the origin of these craters not only 
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provides craters which conform quite as 
well as explosion craters to the various 
empirical relations discovered by the 
study of individual lunar ciaters, but 
also actually predicts such general lunar 
features as the polygonal rather than 
cucuiar shape of most of the large 
crateis. 3) Baldwin, by adopting C C 
Wylie’s estimates of the mass of the 
meteorite which created the great ci ater 
at Canyon Diablo, Anz., is enabled to 
ascribe even the largest of the lunar 
craters to the impact of meteontes of 
amazingly small size. Actually the es- 
timates of Wylie have been shown to be 
quite unrealistic Hence the impact ex- 
plosions of such cosmic pebbles as Bald- 
win describes are not competent to pro- 
duce the huge crateis credited to them. 
4) Baldwin cites the relationship be- 
tween crater-diameter and rim-height as 
evidence for the explosive origin of the 
lunar craters m addition to evidence af- 
forded by the diameter-depth i elation. 
However, the relation between diameter 
and rim-height is a simple consequence 
of the diameter-depth relation m view of 
Schroter’s Law and the proportionality 
between rim- width and crater-diameter. 

Only the first two of the above objec- 
tions can be developed m any detail m 
this lettei Objection No. 1 is based on 
the fact that were the lunar craters, as 
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Baldwin supposes, the result of meteoi- 
lte impacts on the face of the moon, the 
centers of these craters would constitute 
a set of points distributed at random 
ovei the lunar surface. It is evident that 
falling meteorites would strike at ran- 
dom on the surface of such celestial 
bodies as the earth and the moon. How- 
evei, in the case of the moon, the distri- 
bution of crater-centers is not at all ran- 
dom. This follows not from the easily 
perceived nonuniformity of the distribu- 
tion m question, as some writers have 
supposed, but from discrepancies exist- 
ing between the obseived distribution of 
the lunar craters and the distribution 
predicted by the theory of probability. 

In 1940 William Scott, one of the 
writer’s students at Ohio State Umvei- 
sity, applied the probability theory out- 
lined above to a group of 3,112 typical 
lunar craters, comprising all craters for 
which satisfactory position data are 
given m M. A. Blagg’s compendious 
woik, Lunar Formations The results ob- 
tained by Scott show that it is extremely 
unlikely that the observed distribution of 
the more than 3,000 lunar craters con- 
sideied is the result of chance. On the 
other hand, the distubution of a special 
class of lunar ciaters, the so-called ray 
craters, conforms rather closely to the 
theoretical random distribution for this 
class. 

We preface our development of ob- 
jection No 2 by recalling several facts 
once familiar to all selenographers, but 
apparently lost sight of by many m mod- 
ern times. It has long been known that 
most of the large craters on the moon 
have a polygonal rather than a circular 
form, where several neighboiing crateis 
exhibit hexagonal form, it is evident that 
at the time of origin of these craters, 
several regularly spaced centers of 
lateral pressure were m action simul- 
taneously m the outer shell of the moon. 
Such a dynamical situation is quite in- 
explicable under Baldwin’s meteoritic 
hypothesis, but is a necessary conse- 
quence of a new convection- current 
theory of the lunar craters. 

The French astronomer P. Puiseux, 
from his exhaustive study of polygonal 
forms on the moon, was led to the dis- 
covery of a lhomboidal network of dikes 
and rills on the lunar surface, the lines 
of this network often almost coinciding 
with one or more of the edges of crateis 
or ring plains of hexagonal shape. Occa- 
sionally he found a hexagonal crater 
which exactly filled out a mesh of his 
rill system. From a careful examination 
of the interrelations between the rill net 
and the craters, Puiseux came to the con- 
clusion that the net constituted a prima- 
ry 7 , and the hexagonal craters a second- 
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ary, feature of the lunai surface The 
meteoritic impact theoiy of Baldwin 
gives an explanation of neithei the pri- 
mary nor the secondaiy selenographic 
features discoveied by Puiseux. How- 
ever, the convection-cun ent theoiy of 
the lunar ciaters recently developed by 
the distinguished astiophysicist J. Wa- 
siutynski actually predicts the forma- 
tion on the lunai surface of both Pui- 
seux’s network and the lunar ciaters. 

Basic to the new theory is the work of 
PI. Benard and Lord Rayleigh on con- 
vection currents m gi avitationally un- 
stable layers of fluid heated on the under 
side. Wasiutynski applied the convec- 
tion-cunent theory to a stratum of 
liquid basalt below the outermost shell 
of the moon. This explains first the for- 
mation of the “seas” or maiia (large ex- 
posures of basaltic lock more 01 less 
completely cleared of light ovei lying 
granitic material by convection cur- 
rents), second the development of the 
rill systems of Puiseux and third the for- 
mation of closed mountain chains and 
ciaters conforming to the Puiseux net. 

Not to be outdone by proponents of 
the volcanic and meteontic theoiies who 
point with conviction to terrestrial ex- 
amples of ciateis originating by the 
favored piocess, Wasiutynski has set 
foith m most convincing detail the close 
analogy between ceitain terrestrial fea- 
tuies— the stone and fissuie polygons of 
the subpolar regions— and the lunai 
craters. The striking success of the con- 
vection-current theoiy in simply explain- 
ing the lemaikable fields of roughly 
hexagonal stone and fissuie polygons on 
the island of Spitzbergen, foi which doz- 
ens of involved explanations have been 
offered m the last half-century, cannot 
fail to impiess the reader. Wasiutynski 
even seeks to explain the lunar lay 
crateis solely on the basis of convection 
cui rents, but heie, m the writer's opin- 
ion, too much is at last expected of the 
convection theoiy. On the one hand, this 
theoiy would not predict a random dis- 
tribution of the ray ciaters on the moon; 
and, on the othei, Wasiutynski’s expla- 
nation of how ray systems can develop 
on the maiia is m contradiction to his 
eailier explanation of why rills on the 
maria, wheie theie was no granite at the 
top, were almost completely obliterated 
by the inflow of liquid basic magma from 
tire basalt layer. The discrepancies just 
alluded to and the highly significant fact 
that the gieat majonty of the ray ciaters 
are situated on the maria (ie., on those 
undisturbed areas of the moon continu- 
ously exposed for the longest time to 
meteoritic impact) give suppoit to the 
writefs belief that the lunar ray craters 
are meteorite craters. 

LINCOLN LAPAZ 


For less expensive 


more precise 


Photomicrography 


THE STANDARD JeifOv CAMERA 


with optical 

MICRO-1 BSO Attachment 

designed to 
utilize the lens in 
any standard microscope 
as the camera lens for 
photomicrographic work. 
Combination Price, $199.50 
(without camera lens) 

Federal tax included 


► ' /l ; 







s* 


rifiT' 


Director, Institute of Meteoritics 
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O CTOBER 1S99. “With the death 
of Bunsen there has passed away 
the last of those great German 
chemists of the middle of the present 
century, chemists who bore the great- 
est part of the work of laying the founda- 
tion of the present science, and through 
whose efforts their fatherland has taken 
the first place in chemistry among the 
nations of the earth. The century began 
with Wohler and Liebig; in. the next 
decade came first Bunsen and then Hof- 
mann and Kolbe and Fresenius; perhaps 
to these we should add Kekule, who fol- 
lowed ten years later. And now the last 
of these giants is gone. Liebig was the 
first to be taken. The last ten years have 
seen the death of Hofmann, Kekule, 
Fresenius, and now, at the close of the 
century, only a few months before the 
hundredth anniversary of Wohler's birth, 
Bunsen is dead/' 

“Through the enterprise of the New 
Yoik Herald , the public has been made 
acquainted in a very practical way with 
the great advantages which result from 
the use of what is now popularly known 
as the ‘Marconi system of wireless tele- 
graphy/ The world- wide inteiest which 
is being taken in the present interna- 
tional yacht races renders the instant 
transmission of the progress of the race 
a matter of actual importance, and the 
saving of a few hours time, which is 
rendered possible by wireless tele- 
graphy, led to the bringing of Mr. Mar- 
coni to this country in order that he 
might report the races from a steamer 
which accompanies the yachts over the 
course. From the steamer the messages 
were sent to New York, where they were 
distributed throughout die world.” 

“In a general way the battery of an 
automobile may be compared with the 
horse. Both may be overworked with 
disastrous results. Both are better off 
when not subjected to sudden starts, and 
both will last longer if not constantly 
pushed to the utmost capacity. Bodi re- 
new their strength and usefulness after 
a reasonable rest; and last, but not least, 
both require when ill the care of an ex- 
pert— the horse the veterinary surgeon, 
and the battery the skilled electrician/’ 

“For the protection of the public, we 
wish to enter an earnest protest against 
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the commercial exploitation of compara- 
tively untried inventions of which so 
much is going on m various parts of the 
country. The most flagrant examples of 
this sort of thing are to be found m the 
starting of companies and the selling of 
stock for the promotion of liquid air 
schemes. We do not say that any of 
these are deliberate attempts to obtain 
money falsely, but we do say that the 
nature of the liquid air apparatus, 
whether it be in the form of motor, re- 
frigerator, explosive or what not, the 
absence of any demonstrated facts to 
establish its value, render it our duty 
to warn the readers of the Scientific 
American against investing their money 
m enterprises which exist only m the 
imagination of their promote! s.” 

“The Holland submarine torpedo boat 
made another excellent run on October 
6, m little Peconic Bay. A German naval 
constructor who is visiting the United 
States was on board the submarine boat. 
He was favorably impressed with the 
mechanism of the vessel and was pleased 
with her performance. He was of the 
opinion that in the hands of competent 
men the boat would prove a formidable 
weapon ” 

“One great reason for the popularity 
of the automobile is that it can be more 
readily managed by women than horse- 
drawn vehicles. Many women object to 
driving horses on account of their liabil- 
ity to shy or bolt. The automobile offers 
remarkable advantages in their respect, 
but no lady should try running an auto- 
mobile until she thoroughly understands 
the mechanism.” 


O CTOBER 1849. “The subject of a 
Railroad to the Pacific is now en- 
gaging much of the public atten- 
tion. That a railroad from the United 
States to the future states of the Pacific, 
will have to be built at no distant day, 
no one doubts, but the way to do this, 
and the most proper routes to be 
adopted, are subjects which will require 
no small amount of reflection. We take 
no part in the discussion of this or that 
scheme to build an Atlantic-Pacific Rail- 
road. We believe that the times are not, 
yet ripe for its construction?’ 

“The Cleveland Plain Dealer, of Oct, 
5, has a letter announcing the arrival of 
Sir John Richardson, from the fruitless 
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search after the lost Polar expedition of 
Sir John Franklin, of whose dreadful fate 
among the ices of the Arctic Ocean, there 
is left little or no room to doubt. Sir John 
Richardson having failed to find even 
the remotest clue to the Fianklm Ex- 
pedition is now on his way back to Eng- 
land. He speaks confidently of the exis- 
tence of a noithern passage, practicabil- 
ity, he says, is another question, the 
summers being only from 38 to 60 days ‘ 
long.” 

“A system of meteorological observa- 
tions will soon be commenced under the 
supervision of Prof. Henry, of the Smith- 
sonian Institute, who was here a few 
weeks ago about the instruments.” 

“Oregon is the greatest lumber coun- 
tiy in the world. Around one mill, with- 
in a circle of three miles, stands timber 
enough to last a hundred years, the mill 
all the time cutting 6,000 feet a day.” 

“The London Medical Gazette states 
that a most important discovery has just 
been made known by certain Doctors 
Snow, Budd and Brittan, and other cele- 
brated physicians, respecting the 
cholera. They have prepared a very long 
report, which will soon be published, m 
which they show that the cause of 
malignant cholera is ‘a living organism 
of distinct species/ Dr. Budd procured 
water from different parts of London, 
and detected organisms m great numbers 
m every specimen of drinking water. He 
states, in a long letter to the London 
T imes, that this organism is of the fungus 
tribe, and is taken, by the act of swallow- 
ing, into the intestinal canal, and theie 
becomes ‘infinitely multiplied by the self- 
propagation which is characteristic of 
living beings/ The pressure and propa- 
gation of these organisms, and the action 
they exert, are the cause of the peculiar 
flux which is characteristic of malignant 
cholera. These organisms are dissemin- 
ated m the air, in the shape of impalpable 
particles, in contact with articles of food, 
and principally in the drinking water of 
infected places. The evidence on which 
these conclusions are founded, has been 
placed in the hands of the President of 
the College of Physicians.” 

“Mr. E. Brown, of Preston, Eng., has 
discovered a mode of reducing hydrogen 
gas to a liquid. A paper on die subject 
is soon to be presented to the Royal 
Society.” 


4 



Is this cableman luns his pickup coil 
along the cable, his ear tells him when 
he has hit the exact spot where unseen 
trouble is interfering with somebody’s 
telephone service. 

Trouble develops when water enters 
a cable sheath cracked perhaps by a 
bullet or a flying stone. With insula- 
tion damaged, currents stray from one 
wire to another or to the sheath. At the 
telephone office, electrical tests on the 
faulty wiies tell a repairman approxi- 
mately where to look for the damage. 

A special “tracer” current, sent over 
the faulty wires, generates a magnetic 
field. Held against the sheath, an ex- 
ploring coil picks up the distinctive 
tiacer signal and sends it through an 
amplifier on the man’s belt to head- 
phones. A change in signal strength 
along the cable tells the exact location 
of the “fault.” 

Compact, light, simple to use, this 
test set makes it easier for repairmen 
to keep your line in order. It is another 
example of how Bell Laboratories re- 
search helps make Bell Telephone serv- 
ice the most dependable in the world. 
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THE COVER 

This month's cover painting is a great- 
ly enlarged portrait of Drosophila 
melanogaster, the fruit fly, whose 
heredity has been more intensively 
studied than that of any other organ- 
ism. The object projecting into the 
pictuie from the upper left is a needle 
with which the fly is manipulated un- 
der a low-power microscope. Because 
of the ease and rapidity with which it 
can be bred in the laboratory, Dro- 
sophila has been a favorite with ge- 
neticists since the pioneer work of 
Thomas Hunt Morgan. The Univer- 
sity of California's Richard B. Gold- 
schmidt and others have found that 
a great many variant forms of Droso- 
phila can be produced by applying 
to the young pupa different types of 
sublethal shock such as radiation, ex- 
tieme temperatmes or treatment with 
certain chemicals (see page 46). 
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What GENERAL ELECTRIC People Are Saying 


H. G. POLLOCK 

Research Laboratory 

ATOM SMASHERS: The electrical 
constitution of matter has become 
understood only since the turn of 
the century. The fact that the prin- 
cipal constituent of matter, the 
atom, is made up of a central posi- 
tive core, the nucleus, which is sur- 
rounded by negatively charged elec- 
trons became accepted after 1911 
from the work of Rutherford. Since 
that time the most important de- 
tails of atomic structure have been 
fairly well worked out. During re- 
cent years the physicist has shifted 
his attention to the nucleus, the 
center of the atom. What keeps the 
protons and neutrons together de- 
spite the enormous repulsive forces 
between the protons? To answer 
this and similar questions, it is very 
useful to have beams of very highly 
accelerated projectiles with which 
to bombard the nucleus, to study 
scattering, to cause disintegrations, 
and to produce new particles in the 
field of the nucleus. The projectile 
particles are electrons, protons, 
deuterons, and alpha particles. The 
effort to impart to these particles 
very high energies, corresponding to 
a drop through electric fields of mil- 
lions of volts, has led to great engi- 
neering progress in the design of 
accelerating machines . . . 

When the interest is in obtaining 
one-hundred-million- volt particles 
— and so on up — then it is necessary 
to use new principles . . . Machines 
are now being built in which the 
elementary particles can obtain 
energies corresponding to millions 
or even billions of volts without any 
such formidable potentials being 
present in the machine. Such ma- 
chines are the cyclotron, the beta- 
tron, the synchrotron, the synchro- 
cyclotron, and the linear accel- 
erator . . . 

Perhaps the most exciting dis- 
covery in recent months with the 
large accelerators ... is that they 
can knock out of the nucleus par- 
ticles named mesons, hitherto found 
only in cosmic radiation. The whole 
of our knowledge, or rather igno- 
rance, of mesons and their properties 
is in a very rapid state of flux. Ap- 
parently there are several kinds of 
mesons and they may be charged 
positively, negatively, or perhaps 


not at all. There are heavy mesons 
. . . and there are light mesons . . . 
With the very high-energy acceler- 
ators one can knock the heavv 
mesons out of all kinds of nuclei. 
The heavy negative mesons are very 
apt then to cause further nuclear 
disintegrations . . . The heavy posi- 
tive mesons tend to decay into light 
mesons. The light mesons again 
decay quickly, emitting an electron 

It is only natural to look beyond 
the present huge machines and to 
extend their principles to the limit. 
In England a proton accelerator for 
1.3 billion electron-volts is well 
along toward completion. At Brook- 
haven a 3 billion electron-volt ma- 
chine has been started. And in 
California at Berkeley there will be 
a 6 billion electron-volt machine. 
The completion of these machines 
in the next five to ten years may lead 
to even more dramatic discoveries 
about the nucleus or the nuclear 
particles. 

University of Virginia , 
April 25 , 1919 

★ 

MATTHEW LUCKIESII 
A. II. TAYLOR 
THOMAS KNOWLES 

Lamp Research Laboratory 

AIR DISINFECTION: The oldest 
and commonest method of reducing 
the bacterial content of air in occu- 
pied rooms is by ventilation, which 
replaces contaminated room air by 
filtered or outdoor air. While this 
might reasonably be expected to 
reduce the concentration of air- 
borne organisms by dilution, Yaglou 
and Wilson found that a high-ve- 
locity air stream which stirred up 
the floor dust actually increased the 
bacterial content of the air with in- 
creasing numbers of air changes per 
hour. Furthermore, there is a prac- 
tical limit to the frequency of air 


changes because of the creation of 
drafts which add to the discomfort 
of the room occupants. In the cooler 
climates, the economic aspect of in- 
creased air changes cannot be ig- 
nored. 

Another method of air disinfec- 
tion is the use of aerosols which are 
added to the room air by suitable 
vaporizing apparatus. 

The third method, which is the 
principal subject of . . . our re- 
searches for many years, is the use 
of short-wave ultraviolet energy 
radiated by so-called germicidal 
lamps. These lamps are very effi- 
cient sources of X2537 energy, which 
is in the spectral region of maximum 
germicidal effectiveness. Since this 
ultraviolet energy can produce con- 
junctivitis and erythema if the eyes 
and skin are exposed to it for a 
sufficient period, special fixtures and 
installations have been developed 
for these lamps. The fixtures, em- 
ploying reflectors of suitable ma- 
terial, are usually mounted on the 
walls to project the germicidal 
energy across the room above eye- 
level. Most oil paints reflect less 
than 10 per cent of this energy, 
hence relatively little is reflected by 
ceiling and walls into the lower occu- 
pied part of the room. It has been 
found that this method is safe and 
effective . * . 

A single 30- watt germicidal lamp 
in a suitable fixture consumes ap- 
proximately 40 watts in lamp and 
auxiliary. Extensive data indicate 
that, for occupied rooms, one of 
these units is sufficient for a floor 
area of approximately 200 to 300 
square feet if properly designed and 
installed. The cost of operating such 
a fixture eight hours daily, including 
lamp renewal and reasonable amor- 
tization of the original cost, is of the 
order of one dollar a month at the 
present time. 

General Electr ic Review . 

August , 1949 
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SURE, BUT MOLECULES IN HIGH 
VACUUM DON’T MARCH ABREAST- 
THEY JUST WANDER 


A HIGH VACUUM diffusion pump doesn’t suck. 

It’s just a scheme that makes it easier for 
molecules to wander out of a system than to 
wander in. Since they get out only by random 
wandering, valves for some high vacuum jobs get 
to be as big as the 32-ineher on the left in order 
not to hinder the drift of the molecules. 

Wonderful things can come true once enough 
molecules have drifted out. 

With few air molecules to bump into, other 
molecules can be shot quickly and cheaply onto a 
piece of plastic to make a beautiful belt buckle or 
onto a piece of glass to make a sharp-cutting opti- 
cal interference filter. 

A synchro-cyclotron can whirl protons around 
a quarter-million times in a few thousandths of a 
second to give physicists new information about 
mesons. 

Plasticizers that don’t evaporate out of the 
plastics they’re put into are themselves prepared 
by flash distillation at high temperatures from 
crude mixtures. 

Metals get rid of tenacious gases that degrade 
their mechanical and electrical properties. Other 
metals that were laboratory curiosities become en- 
gineering materials because they can be kept out 
of chemical combination at a critical stage of 
refining. 

Your high vacuum problem may be quite differ- 
ent. Why not find out what DPI experience and 
equipment can do with it? Write 
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In the days when cattle - 
men drove their stock 
across the unfenced 
prairie to the railhead , 
it was common practice 
among the least scrupu- 
lous to feed the cattle 
plenty of salt before they 
were offered for sale. 
When they were allowed 
to drink their fill, the 
gain in weight was the 
buyer’s loss . Hence the 
term ‘‘watered stock ” 
sensationalized in early 
days of corporation reve- 
lations and regulations. 
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Print from 
Bettman 
Archive 


re you selling "WATERED STOCK?" 



WATER is jnst about our commonest 
material. In many places it is indispen- 
sable; in some places it is beautiful; but 
in others it contributes nothing but ex- 
tra weight and the risk of depreciation. 
To send a six-ounce orange North from 
Florida freight must be paid on over 
five ounces of water which the North 
has in abundance — and then it must be 
eaten quickly before it rots. 

BLOOD PLASMA 

When World War II darkened the hori- 
zon Army doctors looked beyond the 
outright slaughter to the millions of 
wounded who might die in the field. 
Blood transfusion could save many but 
in a remote, devastated theater of war it 
was unthinkable — unless blood col- 
lected from a healthy population could 
be reduced, preserved, transported and 
reconstituted. To make this possible 
National Research Corporation took low 
temperature, high vacuum dehydration 
from the laboratory and developed it to 
the level of mass production. 


PENICILLIN 

Faced with an urgent wartime need for a 
universal antiseptic the English recalled 
the experience of Alexander Fleming 
with the blue- green mold, Penicxllium 
Notatum. Under pressure the wonder 
, antibiotic was accumulated — enough 
for a mouse, enough for a man, enough 
for twenty men — and then, grown by 
"kitchen culture” in millions of milk 
bottles, enough for an army. Again there 
was need for dehydration without heat 
damage and National Research’s high 
vacuum process now installed in sub- 
stantially all of the larger plants through- 
out the world, turned penicillin into 
powder at a rate to supply the world. 

ORANGE JUICE 

! During the war we experi- 
mented with the dehydration 
of many common foods; meat, 
fish, vegetables, fruits, coffee. Of these 
orange juice was the most promising 
with a nationwide market ready and a 
world market waiting. We had produced 
citrus concentrate and powder on a pilot 
plant scale. Near the war’s end we or- 
ganized Vacuum Foods Corporation. 
For them we built and equipped a plant 
in Florida that now concentrates, for the 
national market, 75,000 gallons of juice 
a day. 

This new industry, producing some 
million cans in the 1946-47 season 


is expected to reach an annual produc- 
tion rate of 200 million in 1949. Within 
five years it is predicted that one-fourth 
of all Florida’s oranges will reach their 
market as concentrated juice. In this in- 
dustry Vacuum Foods is the pioneer and 
leader. 

COFFEE 

The success story of orange 
juice will, we hope, be rewritten 
for coffee. For over a year we 
have been producing in small 
quantity a "crystalline coffee” — pure 
coffee essence, nothing more and nothing 
less. This small production is being mar- 
ket-tested through the local retail trade 
and a steadily increasing number of 
users have found out that coffee can be 
reduced to an instantly soluble concen- 
trate, and still taste like good coffee. 

WHAT NEXT 

To anyone who is selling "watered 
stock,” not with guile but from necessity. 
National Research can offer a new pros- 
pect — lower cost methods of producing 
dry materials with instantaneously solu- 
ble structure. To apply our proven tech- 
niques of high vacuum dehydration Na- 
tional Research Corporation stands ready 
with a carefully chosen, experienced 
staff, with the newest equipment and 
with an accumulated knowledge of large 
scale low temperature dehydration that 
cannot be equalled anywhere. 
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VISIT TO DUBLIN 


In which a noted theoretical physicist calls upon 
the remarkable little group of eminent scientists 
at Ireland’s exotic Institute for Advanced Studies 


B Y my watch, the plane landed at 
noon. A hostess with led hair and 
gi een eyes, in a shamrock- gieen uniform, 
announced m a sweet lush brogue. “You 
aie in Shannon, Ii eland. It is now 4.55 
p.m, local time. All passengers aie re- 
quested to leave.” 

My hist contact with Eui ope after 13 
years looked good to me. The immigra- 
tion officer at the an port asked why I 
had come to Ii eland I told him I had 
been invited to lectuie at Dublin's Insti- 
tute fox Advanced Studies. At once the 
officer became veiy friendly and began 
to talk about the Institute I was m a 
country where the title of Professoi is a 
badge of honor, not of failuie. Even 
the customs officeis weie lielpiul. I had 
been warned that they weie teirors, that 
they minutely examine one piece of lug- 
gage after anothei, especially anxious to 
discover nylon stockings. I found them 
like all Irishmen* they love to philoso- 
phize and they aie never m a hurry It 
is a country wheie leisure as well as 
scholaiship is appi eciated. 

Outside the splendid Shannon airport 
a rickety, almost disintegrating bus was 
waiting. It had a conductor, driver and 
two passengers. They all fell into a long 
discussion for my benefit about the rela- 
tive merits of the town’s two hotels. 
Since they could not agiee among them- 
selves, I decided for the nearest. It had a 
wonderful garden and the air smelled 
of spring and flowers. (I wish someone 
would explain why the smell of the Eu- 
lopean air is so different from the Ameri- 
can; I have never heaid a hypothesis to 
account for this phenomenon of nature, 
but everyone who has visited both con- 
tinents agrees that it is a fact.) 

Next morning I was on my way to 
Dublin by a train that was a cross be- 


by Leopold Infeld 

tween a U S. streamliner and my son’s 
toy. At Dublin my fuend, Professor John 
Lighton Synge, met me at the station. He 
once taught at the Umveisity of Toronto, ” 
where for yeais we disagieed about al- 
most eveiy subject we discussed, and en- 
joyed it immensely. Last year he chose 
to letmn to his native Ii eland from 
America, where he was lightly esteemed 
as a distinguished applied mathemati- 
cian, when he was offeied a senior pro- 



CLASSICAL ENTRANCE is inside 
the School of Cosmic Physics, housed 
in one of Institute’s two buildings. 


fessoiship at the Institute foi Advanced 
Studies 

Dublin, upon which I was setting eyes 
foi the first time, looked to me just as 
I had expected it to, only more so. I was 
starved foi an old town, foi aged scen- 
ery. I found Dublin enchanting. Its 
buildings aie simple and austere, agamst 
this serious architectui al background the 
Dubliners appear doubly gay and vivid. 

I experienced the long-missed pleasure 
of walking through streets chaiged with 
long and violent memories. 

On opposite sides of Mernon Square 
stand the two buildings of the Institute, 
one the School of Theoretical Physics, 
the other the School of Cosmic Physics. 
Each School has three senior professors; 
those in the School of Theoretical Phys- 
sics, m order of seniority, are: Erwin 
Schiodmger, Walter Heitler and Synge. 
The Institute, which draws students 
from all parts of the eaith, has put the 
name of Ireland on the world map of 
scientific achievement. Yet its influence 
upon its own country, upon Irish intel- 
lectual life and universities, is small. In 
its cloisteied isolation the Institute is a 
miniature of Ii eland itself, whose prob- 
lems and fights as a nation are not those 
of the rest of the world. 

I was tense because of my approach- 
ing lecture. I had not often spoken to 
such a distinguished audience as I was 
about to face. The subject I had chosen 
was a highly specialized one* some re- 
cent work on the general theory of rela- 
tivity which I had done with Albert 
Einstein. It dealt with a problem that 
we had first tackled 12 years ago but 
had been solved only jn the last few 
months. 

The problem has to do with the mo- 
tions of double stars (see page 43), 

I i: 
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PRINCIPAL OCCUPANTS of the Institute are shown m applying the quantum theory to chemi-ti ) . Second 
in this group poi trait. At the far right is author Infeld. from the left is John Lighton Synge, a noted applied 

xAt the far left is Walter Heitler, best known for liis work mathematician. Third is Erwin Seluodnu>ci\ originator 


Imagine two stars of comparable mass 
moving around each other m space We 
have no direct, precise observations to 
guide us as to the relative motions in 
such a system, for in our own solar sys- 
tem the masses of the revolving planets 
are small compared with that of the sun. 
The motions of double stars have been 
worked out theoretically on the basis of 
classical Newtonian mechanics. But 
what is the answer of relativity theory, 
which describes the phenomena of gravi- 
tation better, more deeply and with 
greater logical simplicity than does clas- 
sical theory? Paradoxically, the yen fact 
that the general relativity theory is logi- 
cally simpler makes die problem of de- 
ducing the laws of motion much more 
difficult in relativity theory than in New- 
tonian theory. The reason is that in 
relativity theory we assume much less 
than in classical mechanics, consequent- 
ly we must deduce much more. It is this 
task of deducing laws of motion from the 
laws of the gravitational field that has 
proved to be difficult 

We believe, however, that we have 
now derived correctly die laws of mo- 
tion of a double star, and that we know 


how the true motions differ from those 
predicted by the old Newtonian laws 
And we believe, too, that the laws can- 
not be refined much beyond the foim in 
which we have deduced them. 

I T would be difficult to imagine any 
place m the world where a better 
audience for such a lecture could be 
found than at the Dublin Institute The 
often-heard saying that only 12 people 
understand relativity theory is utterly 
stupid. Every modem theoretical phys- 
icist undei stands it. But it is true that 
i elativity theoiy is not today the center 
of interest among theoretical physicists; 
the focus of modern research is nuclear 
theory and quantum electrodynamics. 
Few physicists m lecent years have done 
any creative work in relativity. But 
among those few are two of the three 
senior pi of ess or s at Dublin— Schrodinger 
and Synge. These men are justly recog- 
nized as two of the best specialists in 
this field. 

When I presented myself at the simple 
but dignified offices of the Institute on 
the morning of the lecture, I learned 
that Eamon de Valera had just tele- 


phoned that he intended to come to it. A 
few minutes befoie my lecture I met 
de Valeia in Synge’s office. His face looks 
even more ascetic than in his photo- 
graphs, and the impression of strength 
thi ough asceticism was heightened by 
a dark suit and tie (I was told that lie 
always dresses m black.) In private con- 
versation he speaks softly He did not 
appear at all out of place m the calm 
sunoundings of the Institute, he could 
easily have been mistaken foi one of the 
senior professors, except for the fact that 
he conducted himself in its halls with 
the subdued awe that most people le- 
seive for church. Indeed, he is very 
proud of the Institute, it was his idea 
and his creation. Now that he is only the 
leader of the opposition m Ireland, the 
Institute remains, along with the inde- 
pendence of his country, as one of the 
few deeds of his life that the government 
cannot change. 

We went together to the small lecture 
room, and I found with great pleasure 
that the room was crowded. (Like most 
lecturers, I do not much care whether 
the audience is small or large, as long as 
the lecture room is filled.) It was espe- 
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j of wave mechanics and author of the famous book 

| What Is Life? Fourth is L. Janossy, an outstanding inves- 

| tigator of cosmic rays. Not shown is L. W. Poliak, a dis- 


tinguished meteorologist and director of School of Cos* 
mic Physics. All these men with exception of Poliak 
and Janossy work in the School of Theoretical Physics. 


daily pleasing to have a vivid one-hour 
discussion later, and an hour's discussion 
again the next day. My distinguished 
audience helped me m the undei stand- 
ing of my own lecture. 

I was especially happy that my stay 
m Dublin gave me the oppoi tumty to 
talk with Schrodinger and Heitlei. 
Schrodinger, a Viennese brought up in 
the great tradition of the Austrian 
physicist Ludwig Boltzmann, is known 
as the originator of wave mechanics. His 
name is linked with those of Germany’s 
Werner Heisenberg and Great Britain’s 
P. A. M. Dirac; the trio were jointly 
awarded the Nobel prize in 1933 as the 
creators ol quantum mechanics Dirac 
and Heisenberg were younger than 
Schrodinger when they wrote their gieat 
papers. They are now in their late 40s, 
Schrodinger in his early 60s. Theoretical 
physics, more than most sciences, is a 
young man’s game; the gieatest achieve- 
ments in it usually come while the imagi- 
nation is still youthful and unfettered. 
Schrodinger has done much first-class 
woik since 1928, but none of it of such 
a revolutionary character as that m the 
years 1925-28. The same thing can be 


said, though perhaps to a lesser degiee, 
about Heisenberg and Dirac. 

S CHRODINGER is not only a gieat 
scientist, he is a most interesting and 
ch aiming man— intelligent, witty, eru- 
dite. He admires Spinoza and good hteia- 
ture, and is himself an excellent writer. 
I saw him for the first time when he lec- 
tured, with spirit and artistiy, m the 
Berlin of 1928. He was then at the peak 
of his fame, he occupied Max Planck’s 
chair in theoretical physics, the gieatest 
scientific honoi in Germany, I saw him 
again m 1934 in Cambridge, England, 
when, on a Rockefeller Fellowship, I 
was working on the unitary field theory 
with Max Bom, who had just left Nazi 
Germany. On Schrodinger’s invitation, I 
went to visit him at Oxford and spent a 
delightful evening in Ins home. He was 
inteiested in the unitary field theory, and 
wrote an important, original paper on 
the subject. The distinctive mark of 
Schrodinger’s genius has always been the 
originality of his thinking, his self-con- 
fidence and disregard for tradition. He 
showed a lack of political judgment, 
however, when he left Oxford to return 


to Austria m 1936. He escaped, aftei 
Hitler enteied Vienna, only by a dra- 
matic flight to Switzerland Fiom there 
he went to Dublin on de Valera’s invi- 
tation to become the first professor at the 
Institute for Advanced Studies 

The Dublin Institute ananges public 
lectures from time to time In 1943, 
Schiodinger gave a series of colorful 
lectures which appealed five years later 
in book form under the title: What Is 
Life? Startling titles must disappoint 
anyone who looks in books for an answer 
to unanswerable questions. Schrodinger’s 
book is not an exception to this rule. It 
deals vividly and intelligently, howevei, 
with questions that he on the borderline 
between physics and biology— a field 
which many people believe will form 
the center of futuie reseaich. Schrodin- 
ger says. . . living matter, while not 
eluding tire laws of physics’ as estab- 
lished up to date, is likely to involve 
'other laws of physics’ hitherto unknown, 
which, however, once they have been 
revealed, will form just as integral a part 
of this science as the former. . . 

Schrodinger points out that the archi- 
tecture of a gene, that is, the manner in 
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which atoms aie put together to create 
the big molecules that form a living 
organism, is today unknown. It is, as 
the science writers love to say, a mys- 
tery— a woid which curiously is most 
often used in the popularization of that 
most rational subject, physics, In con- 
trast to a crystal, which lepresents a 
design that repeats itself, the big mole- 
cules that form the living organism are 
like an aitistically woven tapestry, it is 
the design of the entiie tapestry that 
matteis. not the mere repetition of a 
theme 

At the molecular level in physics dis- 
ordei and chaos reign. In the macroscopic 
world of our measurements— the world 
of pendula, steam engines, electric cur- 
rents— all is order. Gas obeys the laws 
that have been confirmed by our meas- 
urements because it is composed of a tre- 
mendous number of molecules, and the 
laws are based on averages. Order 
emerges m our macrophysical world 
from the disorder m the microphysical 
world through the laws of statistics ap- 
plied to many disorderly individuals But 
these laws collapse and become mean- 
ingless if there are only a few molecules 
in the gas container. Only when it be- 
comes colder and colder, when the tem- 
perature approaches absolute zero, only 
then does order reign among the mole- 
cules. It is the order of death; molecules 
that do not move cannot be disorderly. 

Yet the living process somehow defies 
the mles; it oigamzes a group of mole- 
* cules into a high degree of order. A big 
molecule, a single group of atoms, pro- 
duces orderly events. It multiplies itself, 
forming an organism that lives. Even in 
a complicated organism, the number of 
such molecules is amazingly small. One 
cubic inch of air contains a million times 
more molecules than a grown-up mam- 
mal. The mechanism that governs an 
organism which is composed of not too 
great a number of molecules is not the 
statistical probability mechanism of or- 
dinary physics. We shall understand the 
laws of living organisms only when we 
understand the transition order-from- 
oider which seems to reign m biology, 
just as the transition order-from-disorder 
reigns in physics. 

Schrodinger s book is not easy; it deals 
with difficult problems which will chal- 
lenge science for a long time to come. 
The fact that his lectures were attended 
by overflowing audiences speaks well 
for the Dubliners. 

In Dublin everyone had time to talk; 
no one rushed. We could and did discuss 
everything and nothing. And indeed it 
was a great relief to be back in a part of 
the world that appreciates leisure. Eu- 
rope is a lazy man’s world, which has its 
advantages. I learned in North America 
how not to be lazy —and received ulcers 
as a reward. 

On the last day of my stay in Dublin, 
I visited the Institute’s School of Cosmic 


Physics. Its director, L. W. Poliak, is a 
famous meteorologist. He is small, 
plumpish, bald and vivacious, and he 
talks with the ease of those who have 
shaipened theii tongues m Continental 
cafes. He showed me a neatly furnished 
drawing room which he maintains as a 
shrine, from this 100 m de Valera directed 
the 1916 revolt. Poliak was a piofessor 
at the German university in Prague in 
the 1930s, but had the foresight to leave 
that city just befoie Hitler entered it. 
As early as 1926, he had had the idea of 
introducing a punched-card system into 
geophysics m general and climatology 
m particular. He organized a climatologi- 
cal netwoik m Czechoslovakia. His 
punched cards were sorted and tabu- 
lated by machines m Prague’s statistical 
office. This system has now been 
adopted all over the world. And his 
dream suggestion foi the creation of a 
world weather office is now a leality. 
The U. S. Weather Bureau m Washing- 
ton has more than 70 million punched 
cards of all meteorological elements fiom 
every place m the world where observa- 
tions are made. The Buieaus machines 
quickly digest experiences and store up 
information. Thus they help to predict 
the meteorological future by analysis of 
the past. A book by Poliak and V. Con- 
rad, giving an account of this wartime 
development, is to be published by the 
Harvaid University Press this fall 

The Dublin Institute School of Cosmic 
Physics owes its existence to a short 
memoiandum that Poliak submitted to 
de Valera on St. Patrick’s Day, 1943. 
Like other professors of the Institute, 
Poliak speaks of de Valera with great 
admiration. All of them feel that de 
Valera caied about science and scholar- 
ship m Ireland. 

I TALKED with another senior pro- 
fessor at the School of Cosmic Physics 
—the cosmic-ray investigator L Janossy. 
A Hungaiian, with untidy black hair and 
tense face, he is the youngest permanent 
member of the Institute. Recently his 
large volume on cosmic radiation ap- 
peared; he complained ruefully that it 
was already antiquated. So rapid is the 
advancement m tins branch of science 
that a book cannot remain modern dur- 
ing the usual time-interval between 
writing and printing. Indeed, the field 
of cosmic rays is the most fluid field of 
physics, and every issue of the physics 
journals brings important contributions, 
new experimental results, new specula- 
tions about the origin of these rays. This 
is one of the subjects that has changed 
our picture of the elementary bricks of 
matter, and we are trying now to imi- 
tate the laboratory of our universe by 
building apparatus that will produce 
particles with energies of the same order 
as those observed in cosmic rays. 

J&nossy had come to Dublin from 
Manchester University, one of the very 


best places foi work on cosmic lays. 
When I latei went to England and 
visited Manchester, the physicist P, M. S 
Blackett showed me its equipment and 
talked about some oi the pioblems being 
investigated in cosmic radiation. Janossy 
and his collaboiatois had investigated 
especially the so-called penetrating 
showeis of mesons cieated by cosmic 
rays. The problem of the penetrating 
showeis has also been treated theoieti- 
cally by Pleitlei and his gioup at the 
Institute. It is an mteiestmg example of 
successful collaboi ation between theoiy 
and experiment. 

How aie these mesons produced? One 
can simplify the piesent pictuie as fol- 
lows The father of the mesons is a 
heavy, fast-moving neutron oi pioton, 
winging towaid the eaith from outer 
space. The mothei is the nucleus of an 
atom in the atmosphere with which the 
father collides. The mother itself con- 
sists of many protons and neutions. 
Therefore the last father suffeis (oi 
rather enjoys) many independent colli- 
sions inside the nucleus. We may im- 
prove the comparison by saying that the 
fast particle is like a father lunnmg 
quickly thiough a harem. The mesons 
are the offspring of these activities. This 
general pictuie, I was told by Janossy, 
is strongly confirmed by photographs 
from Manchester and the University of 
Bristol. 

Aftei my talk with Janossy and 
Pleitlei, I came back to the Theoietical 
Physics Building. Professor Synge ar- 
ranged an additional hour of discussion 
on my lectui e. I was pleased to see— it 
was Saturday morning— that many of 
my listeners had returned, and again I 
profited much from the spirited remarks 
of Schrodinger, Heitler and Synge. In- 
deed, the discussion became so en- 
grossing that I almost missed my plane 
to London. 

As I left Ireland, I felt strongly how 
easily one can become attached to this 
small and beautiful countiy. I believe 
also I understood the reasons for it. Ire- 
land is untouched by wai or fears of wai . 
The rest of the world seems far away 
from Dublin. It is this isolation, besides 
the beauty of the place and the charm 
of the Irish, that enchants a visitor. 
There is an inner desire m many sci- 
entists for such a refuge. Every scholar 
longs to be in a place like Oxford, Cam- 
bridge or Dublin which seems to be 
outside the world of tnvial realities. In 
isolated Ireland, the Dublin Institute for 
Advanced Studies with its scholars, most 
of diem fugitives from oppression, seems 
to be the most peaceful spot on earth. 
Can its isolation last for long? 


Leopold Inf eld is professor of ap- 
plied mathematics at the University 
of Toronto and author , with Albert 
Einstein + of The Evolution of Physics, 
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DUNSINK OBSERVATORY, at Dunsink in Dublin mic Physics. The dome at the right houses a refractor. 
County, is the astronomical section of the School of Cos- Atop main building at left is a smaller telescope. 
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SCHOOL OF THEORETICAL PHYSICS stands on ing of the School of Cosmic Physics. From the latter 
Dublin’s Merrion Square. Across the square is the build- building Eamon de Valera directed the revolt of 1916. 
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GRAND CYCLE of life in the sea begins with photosyn- 
thetic phytoplankton { upper left). These are eaten by 
zooplankton and other creatures, which in turn are eaten 


by a chain of carnivorous fishes. Decaying biological 
matter sinks to the bottom* where it is eaten by bottom 
animals and bacteria. Nitrates and phosphates then rise. 
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N O one needs to be told that there 
is a great deal of life in the sea 
Sweep the shallows with a fish 
net, exploie the deeps in a diving bell, 
dip up but a cupful of ocean and ex- 
amine it under the micioscope— at eveiy 
level the watery world swaims with a 
rich and vaned population. But only le- 
centlv have we land-inhabitants begun 
to get a conception of just how vast, m 
numbeis and bulk, this population is 
Even oui hagmentaiy efforts to take a 
census of it indicate that the life of the 
sea actually sui passes that of the land. 
Add up the staggenng total ol the an- 
nual inciease of living mattei on ten a 
firma— grass, ciops, forests, jungles, bac- 
tena, fungi, insects, snakes, snails, ele- 
phants, cattle, mice, men— all this is less 
than the annual oiganic pioduction of 
the eai til's oceans 

Heie is a stoiehouse of potential food 
to startle the imagination. Man has 
hitherto taken his food almost entnely 
from the land; less than one per cent of 
what he eats comes from the sea We 
would like to believe that in the im- 
mense, newly exploied organic resouices 
of the oceans lies at least pait of the solu- 
tion to the world’s mcieasmgly acute 
food pioblem. Lately we have heard 
some highly hopelul pioposals and pre- 
dictions— that “fanning” of the sea by 
the use of fertilize! may multiply its 
yield oi fish and shellfish; that even the 
sea's micioscopic plant and animal file 
may be conveiled into food for man. 

The tiuth is that no one at this mo- 
ment can accuiately assess the potential 
maiine food resouices. Laige areas of 
the oceans aie still relatively unexplored 
from the biological point of view And 
the evidence as to the possibility of in- 
creasing our harvest from the sea is con- 
fusing, to say the least. A lecent inter- 
national confeience oi fisheries expeits 
called attention to the fact that increased 
fishing effort on the major fishing 
grounds of the Noith Atlantic had not 
inci eased the catch; indeed, some biolo- 
gists believe that these grounds are now 
being ovei fished. Aside from these 
strictly oceanographic considerations, 
there aie technological problems and 
unpiedictable economic factors that will 
have an important bearing on how much 
food we can feasibly get from the oceans. 
Yet with all these cautious leseivations 
we aie justified m taking a hopeful atti- 
tude toward the possibilities. 

T HE basic cycle of life is the same in 
the sea as on land. The hierarchy of 
life in the marine woild, like that m the 
terrestrial world, is founded on green 
plants. They alone have the ability to 
convert inorganic mateiials into living 
substance, and directly oi indirectly they 
suppoit the whole animal population. 
This system by which oiganic mattei is 
cieated by the photosynthesis of green 
plants, consumed and bioken down by 


animals and lecieated by plants is essen- 
tial to the continued existence of any 
population, on land oi m the sea. 

At the base of the oceanic hieiaichv 
is a vast mass of oiganisms so tinv that 
they aie individually invisible. Moie 
than 99 per cent of the maune plants are 
micioscopic, one-celled algae which 
have apiecanous and nomadic existence. 
They are suspended m the surface wateis 
of the sea and drift idly with the cur- 
lents Theie aie hundieds of species of 
them m vaiious shapes and sizes, their 
aveiage diametei is about a thousandth 
of an inch. To the naked eve they aie 
visible only as a gieenish oi biowmsh 
tinge m waters wheie they are abundant. 
Undei the microscope they aie lesolved 
into great multitudes of oiganisms, lang- 
mg from a thousand to seveial million m 
a quait of sea water. They add up to a 
total ol peihaps 100 pounds of plant 
oiganic matter pei acre of ocean. 

Associated with the plants is a gieat 
vaiiety of small animals Some spend 
then- whole lives dufting m the surface 
waters. Others stay with the floating 
population only until they aie grown, 
and then stake off on then* own; exam- 
ples of these are shellfish and othei bot- 
tom animals. One of the most important 
gioups of the floating animals are the 
copepods, tiny crustaceans about a quai- 
ter of an inch Jong that resemble a mmia- 
tuie sin imp. A copepod has a set of 
spines on its mouth that interlock to 
foim a neat little sieve. The sieve strains 
out micioscopic plants and othei bits of 
food from the watei. To help m its feed- 
ing the animal is equipped with vibrat- 
ing appendages that push a flow of 
water through the sieve Othei plant 
eaters in the floating population have 
different kinds of filtering mechanisms, 
some very elaborate. Not all the animals 
m this population are plant eaters, how- 
ever, some have grasping and biting 
mouth-paits and prey on the smallei 
animals. 

The floating plant and animal society 
is known collectively as plankton. It pro- 
vides food for a host of largei and moie 
active creatuies that live in the surface 
waters, including such fishes as hen mg 
and mackerel. In coastal wateis and the 
offshore fishing banks, plankton sinking 
from the surface nourishes the small ani- 
mals that live on or neai the bottom. 
These m turn aie the food of flounders 
and other ground fish. 

Thus the fishes and other laige ani- 
mals in the sea represent the end product 
of a long and complicated food chain 
Through a series of predations, the tiny 
bits of plant life are transformed into 
successively bigger bundles ot living 
material. But all along the way from 
plants to fishes theie is a continual loss 
of organic matter. During its growth to 
adulthood an animal eats many times its 
own weight in food. Most of the organic 
material it consumes is broken down to 


supply energy for its activity and life 
processes in general. It follows that the 
total of plant matter in the sea outweighs 
the animals that feed upon it, and the 
heibivoies m turn outweigh the caini- 
voies Fish production is believed to be 
of the oi dei of only one tenth of one per 
cent of plant pi oduction 

T HE investigation of the amount of 
organic production m the sea is one 
of the most difficult and fascinating 
pioblems m biological oceanography. In 
the bioadest sense it means deteunmmg 
the late of production at every level in 
the food chain. It also means investigat- 
ing the tangled skem ot oceanographic 
and biological lelationships that deter- 
mine the pioductivity of any given le- 
gion. 

What makes it difficult is that maiine 
populations aie highly dynamic and un- 
stable. They do not burgeon and wither 
m regular cycles as on land The algae, 
known collectively as the phytoplankton, 
often exhibit spectacular buists of 
giowth of a seasonal natuie, but these 
aie haidly compaiable to gi owing pe- 
riods on land. On the contrary, the plants 
of the sea keep on gi owing to some ex- 
tent the year round. At the same time the 
plant population suffers continual loss by 
animal feeding or by sinking into the 
depths of the ocean. So the quantity of 
phytoplankton piesent in the water at 
any one time may give little indication 
ol the amount that is being pioduced. 

The problem, then, is to find some 
method of separating the rates oi 
growth and death and measuring them 
independently. The fiist method that oc- 
curred to oceanographeis was to exam- 
ine the water foi chemical changes that 
might be a measuie of biological activ- 
ity. Some 20 years ago investigators ob- 
served that the chemical composition of 
sea water changes with the seasons. 
Phosphate, nitrate and other sulistances 
required foi plant growth attain a maxi- 
mum concenti ation in the surface waters 
in midwinter, when the light is too poor 
to favor active plant giowth and when 
turbulence induced by winter stonns 
brings up these chemicals from the nu- 
trient-nch deep water During the spung 
gi owing season, when the surface zone 
is well lighted, plants absorb these sub- 
stances at a moie rapid rate and the con- 
centration of them in the smface water 
drops By summer it is i educed to a low 
level. Later, as the remains of dead 
plankton smk into deep water, the ni- 
tiate and phosphate are kb eiated again. 

Shortly after this discovery H. W. 
Harvey, L. H. N. Cooper and their co- 
woikers at the marine laboratory at 
Plymouth, England, made a careful sur- 
vey of the plankton and nutiients of the 
English Channel. They noticed that the 
amount of nutrients disappearing from 
the water during the period of intense 
spring giowth was many times the 
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amount present in the plant population 
at any one time In other words the 
quantity of food vanishing down the 
small boy’s gullet was out of all propor- 
tion to the apparently slight results 
achieved in giowth of stature. This seem- 
ingly contradictory situation could only 
be explained by these assumptions, (a) 
the plants were actually growing very 
lapidly, m some cases increasing as 
much as 50 per cent per day, and (b) 
they were being eaten as fast as they 
giew (somewhat as the active small boy 
spends energy almost as fast as he in- 
gests it) . 

Similar results have since been ob- 
tained in many other regions, and theie 
is not the slightest doubt that the phyto- 
plankton, although it appears to be com- 
paratively small m amount, is an active 
producer of organic material. However, 
accurate estimates of plant production 
cannot be obtained by trying to measure 
the amount of nutrients consumed. This 
method does not take into account the 
fact that some nutrients are liberated m 
the surface layer by the death of plank- 
ton or that some are brought up to the 
surface from deep water by vertical 
turbulence. In summer (and in the trop- 
ics throughout the year) these processes 
approximately balance the rate of utili- 
zation of die nutrients by plants. 

I N search of a more geneially useful 
method, oceanographeis turned to 
experimental techniques. The Norwe- 
gian investigator H. H. Gran filled bot- 
tles with sea water containing its natuial 
plankton population, suspended them m 
the sea so that they would be exposed to 
reasonably normal conditions of light 
and temperature, and measuied the 
growth of plankton that occuired during 
a period of a day or two. By enclosing 
the plankton m bottles he made sure that 
no nutrients would be added to the mix- 
ture. To measure the production of or- 
ganic matter he divided the botdes into 
two groups. One gioup he wrapped in 
dark cloth; by excluding light he pie- 
vented the piocess of photosynthesis, 
and so m these bottles the plankton did 
not produce organic matter but only 
consumed it. In the lighted bottles, on 
the other hand, both production and 
consumption went on, just as in the sea. 
The difference m the organic content of 
the two sets of bottles showed the total 
amount of organic production. 

Several hundred such experiments 
have now been made: by Steemann 
Nielsen in Danish waters, by the writer 
in the western Atlantic, by M. C. Sargent 
of the Scripps Institution of Oceanogra- 
phy in California coastal waters and the 
tropical Pacific, and by others. They are 
enough to draw some tentative conclu- 
sions about phytoplankton production. 
In most of the regions examined, the sea 
yields from one to three tons of dry or- 
ganic matter per acre per year. T his 


means that on the aveiage the plant 
population must glow about 10 per cent 
pei day. The most feitile aieas of the 
ocean have approximately the same an- 
nual production as a foiest. The lower 
limits of productivity correspond moie 
nearly to the grass crop of a semi- and 
plain Thus acre for acre, the plant pro- 
duction of the sea and of the land is of 
the same order of magnitude. But be- 
cause of the larger area of the sea, its 
total production is almost certainly 
greatei . 

The production of animal plankton 
has not been studied as thoroughly as 
phytoplankton. The animal crop is horn 
one tenth to one half of the plant crop. 
But the animal production cannot yet be 
estimated with a satisfactory degree of 
accm acy . 

We are in the same situation with re- 
gard to most of the higher members of 
the food chain— the fishes, shellfish, and 
so on. The best we can do is to estimate 
that in the case of some commercially 
important species which are intensively 
fished the annual catch must nearly 
equal the annual production 

Fishes and othei animals at high levels 
of the food chain have a much slower 
growth rate than plankton. Seveial yeais 
ago Daniel Mernman and his associates 
on the staff of the Bingham Oceano- 
graphic Laboratory of Yale University 
began an intensive study of the floundei 
fishery off the southern New England 
coast. There the total fish population at 
any given time averages about 80 
pounds per acie. Fiom an area of lougli- 
Jy 200 square miles, fisheimen annually 
take from three to six million pounds of 
marketable fish. Their total catch also 
includes an equal or larger quantity of 
“trash” fish that are thrown away oi 
sometimes maiketed for fish meal. Thus 
the total catch represents roughly 50 to 
100 pounds per acre. While these figuies 
are veiy rough, they suggest that the 
annual production of fish approximately 
equals the population at any one time 
The average phytoplankton population 
m this area appeals to be about four 
times the weight of the fish. But it grows 
much faster; the annual phytoplankton 
production is over 500 times the annual 
fish catch. Similarly, the Woods Hole 
Oceanographic Institution and the U. S. 
Fish and Wildlife Service found that on 
Georges Bank, a large and impoitant 
fishing area east of New England, annual 
fish landings ranged from seven to 33 
pounds per acre, while phytoplankton 
production was estimated to be of the 
order of 1,000 times the maximum com- 
mercial catch. 

T HESE studies of manne productivity 
are a step along the way toward two 
goals that oceanographers have in mind. 
One is purely scientific— to gain an un- 
derstanding of the principles that govern 
the existence and growth of marine 


plants and animals. The othei is to apply 
this knowledge wheiever possible to 
piactical afiaiis. 

What aie the factois that conti ol the 
sea’s pioductivity? In a general way, we 
know some of them We know that light 
and temperature strongly affect the 
giowth rate of the plants, and that tem- 
per atui e also influences the rate at which 
these plants sink to deeper levels and 
the rate at which animals feed on them. 
Currents and accompanying tuibulence 
m the water aie important if the turbu- 
lence is too gieat, it slaughteis the sur- 
face population by carrying plants down 
below the zone of active giowth; if the 
tuibulence is too weak, the population 
again suffers because less phosphate and 
other food is brought up from below 

The best fishing areas aie generally in 
shallow watei. There the plant popula- 
tion is concentrated m a small space, 
and the animal plankton can feed inten- 
sively and grow rapidly. Theie also an 
abundant supply of plankton falls to the 
bottom and nourishes the animals that 
live there. In deeper waters the dead 
plankton decomposes as it sinks, and lit- 
tle reaches the bottom. This is one rea- 
son why on a deep ocean bottom animal 
life is scanty. 

Duiing the past few years, the writei 
and his associates have made preliminary 
attempts to deal with plankton in mathe- 
matical terms. An equation can be wnt- 
ten to predict the quantity ol plankton 
in a given legion or its seasonal changes, 
on the basis of the environmental char- 
acteristics of the region— light, tempera- 
ture, tuibulence, the depth of watei, and 
the deep water concentration of nutri- 
ents. Precise application of the equation 
requites a great deal of information 
about the effect of environmental factois 
on growth rates and physiological proc- 
esses in general. Unfortunately, present 
knowledge of these subjects is not neatly 
as precise and complete as might be de- 
sned. Neveitheless, m vanous regions 
where the equations have been applied, 
the quantities of plankton predicted by 
these equations agiee with observations 
within about 25 pei cent. 

A LTHOUGH oceanographers aie still 
■ far from satisfied with then - knowl- 
edge of the life of the sea, some of then 
observations have already begun to bear 
practical fruit. The British herring fish- 
ery is an example of what may come of 
a few simple oceanographic observa- 
tions. The herring reaches commercial 
size at the age of three yeais. It has been 
found that the magnitude of the catch 
in any year is closely correlated with the 
amount of phosphate that was in the 
water three years previously, when the 
herring first hatched. The implication is 
that the food supply during the first few 
months of life is a critical factor in de- 
termining survival, and a large amount 
of phosphate ensures abundant food. 
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Whatevei the explanation may be, the 
phosphate index is a simple means of 
piedicting the heinng ciop three yeais 
m advance, making it possible to plan foi 
good years and bad. 

Predictions of one kind or another will 
be a major function of the practical 
oceanogiaphei of the future. It will be 
necessaiy also to considei conti ols to 
prevent ovei fishing, which endangeis 
the pioduction of young. This is particu- 
larly important m the case of fishes that 
lay a relatively small numbei of eggs. 
Even when we have solved the problems 
of fish conseivation, howevei, there will 
remain the challenging fact that we still 
will be using only a tiny fraction of the 
total organic pioduction of the sea. 

One way to mciease our harvest is by 
intensive oyster and clam fanning 
These animals exist at a low level m the 
food chain, living on small plankton and 
detritus, and pioduction is theiefore rel- 
atively efficient. In the Philippines, the 
East Indies, China, and various othei 
legions, considerable success has been 
attained in f aiming fishes and prawns. 
When shallow coastal areas aie im- 
pounded and aitificially fertilized, the 
mciease m production is sometimes 20- 
fold, Annual yields ot 4,000 pounds of 
fish per acre have been leported. Devel- 
opment and extension of fish culture in 
both marine and fresh waters is un- 
doubtedly one of the best approaches 
towaid lemedying the protein deficiency 
of the Oriental diet. 

Some people even suggest catching 
and using plankton. It is not an atti ac- 
tive food as such, but it is nubitious, and 
special processing might make it accept- 
able. But theie are no large concentia- 
tions of plankton m the water at any one 
time, and filtering out a sizable quantity 
of such small cieatuies would require an 
enormous output of eneigy. It might be 
done on a limited scale, for example by 
utilizing tidal energy. But to harvest any 
considerable fraction of the plankton of 
the world seems as fantastic as the old 
dream of extracting gold from sea water. 
By and large we must leave the plankton 
to the fishes. 

We can certainly learn to use the fishes 
more effectively, howevei, and catch 
them farther afield. There are vast fish- 
ery resources m various parts of the 
world that remain virtually untapped, 
simply because theii quality 01 their dis- 
tance from marketing centers makes 
them less profitable than our present 
commercial fisheries. Changing eco- 
nomic patterns and inci eased demand 
may lead to the development of such 
resources. Quite possibly the world's fish 
catch could be increased five or ten times 
or more. 


Gordon A. Riley is associate profes- 
sor in the Bingham Oceanographic 
Laboratories of Yale University 



DIATOMS are a large part of the phytoplankton, the tiny plant life of the 
oceans. They are principally distinguished by their siliceous skeletons. When 
diatoms die these settle to the bottom to make up the diatomaceous earths. 



COPEPODS are an important group of the zooplankton, the tiny animal life 
that feeds on the phytoplankton. Copepods are similar to shrimps. They have 
delicate spines about their mouths with which to trap the phytoplankton. 


19 



Sill 


: 

Wrn&wm 


■. .■■■ ■■■ ■ . 


FIREBALL of one bomb rises from Eniwetok* Scale of covered island in the center foreground. Site of the ex~ 
the explosion can be roughly estimated from the palm* plosion is on the other side of atoll’s circular lagoon* 
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OMB 


TESTS 

Pictures of Eniwetok 
experiments of 1 948 
are released to public 

O N August 21 the Atomic Eneigy 
Commission leleased the fiist pic- 
tures oi its secret tests at Eniwe- 
tok Atoll m the spring oi 1948. The 
pictuies told a little more about the tests 
than the AEC’s guaided statement oi 
last yeai. The official releases thus fai 
leveal the following meagei facts. 

Tlnee “atomic weapons” were tested. 
All three weapons were probably 
bombs, although the language of the re- 
leases cunously hedges this point. The 
photographs on these two pages obvious- 
ly show bombs, but not necessarily three 
oi them. However, Daiol K. Froman, 
Scientific Director of the tests, has said* 
“The tests . . . involved a senes of nu- 
clear explosions. . . 

All three bombs were piobably set oft 
m the air. The photogiaph below leveals 
that at least one of them was exploded 
on a tower The othei photographs re- 
call the air bursts at Alamogordo and 
Bikini. The stated purpose oi the tests, 
moieovei, was to test the efficiency of 
the bombs, and not such tactical meas- 
ures as exploding them undei water. 

The bombs weie moie powerful than 
their predecessors. How much moie so 
is only suggested by the photogiaphs 



EARLY STAGE of explosion in another photograph may show the test of a 
second bomb. Same atoll is in foreground, hut pattern of cloud is different. 



AERIAL VIEW of explosion was probably made at the same time as the 
photograph on the opposite page. Condensation ring surrounds the fireball. 



TOWER from which one of the SHOCK WAVE, the circular marking on the water, flashes oiit just after 
bombs was exploded is built on isle. the beginning of one explosion. It rushes across two islands at lower right. 
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Amateur naturalists have often observed that the leaves 
of one plant have many shapes. English workers have used 
this simple phenomenon for the study of aging in plants 


T HE exciting thing about scientific 
research is not reviewing the re- 
sults, it is making the observations. 
Unhappily tins pleasure is no longer 
leadily accessible to the amateur m these 
days of cyclotrons and infrared spec- 
trometers; m such esoteric sciences as 
physics and chemistry he must be con- 
tent with reading accounts of experi- 
ments he could not possibly have done 
himself. But in biology it is still possible 
for an acute observer to make interesting 
discoveries with no more equipment 
than any house and garden can provide. 
Indeed, we can begin to study a funda- 
mental biological phenomenon, the ag- 
ing of plants, with the simplest of obser- 
vations— the sizes and shapes of leaves. 

If you observe caiefully the shapes of 
successive leaves on the stem of almost 
any annual plant, you will be stiuck by 
something you may not have noticed be- 
fore: no two leaves on the stem aie 
alike. Carrot, delphinium, morning- 
glory, hibiscus, cosmos, sugar beet— all 
these and most other plants show 
changes in shape from leaf to leaf up the 
stem. And the differences are not hap- 
hazard. In delphinium, for instance, 
there is a progressive increase m the 
uumbei of segments in each succeeding 
leaf. If the first leaf has nine segments, 
the second has 12, the third 18. In morn- 
ing-glory the first three or four leaves 
may be shaped like a heart; the subse- 
quent leaves are more and more deeply 
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lobed. In the English harebell the first- 
formed leaves are round, later-foimed 
leaves are narrow and grasslike. In many 
plants the changes are so legulai that 
thev may be plotted as a graph, with 
leaf number along one axis and some 
measure of leaf shape along the other 
axis. 

Closer inspection discloses other 
striking differences between one leaf 
and the next. Under the microscope the 
surface of a leaf appeals as a tessellated 
pavement of cells, each about one 500,- 
000th of a square inch m area. There are 
about four million such cells on the sur- 
face of an ordinal y beet or tobacco leaf. 
Now the size of these cells diminishes 
from leaf to leaf up the stem, so that up- 
per leaves have smaller cells than lower 
leaves, and they also have fewer cells— 
theie are fewer tiles in the pavement and 
the tiles aie smaller. This means, of 
course, that the upper leaves as a whole 
are smaller. 

What is the importance of these ob- 
servations on the shape and size of suc- 
cessive leaves up a stem? What sort of 
biological hypothesis can we deiive from 
them? The observations have scientific 
significance for two reasons. In the fiist 
place they provide a simple quantitative 
example of a pattern m time- as the plant 
grows older the leaves it produces 
change in a measurable manner The 
hereditary constitution of the plant does 
not change, yet the patterns pioduced bv 


the hei editary constitution do change. 
In this lespect an organism is similai to 
a piece of music, developing variations 
on a theme. In the second place these 
changes in pattern may be a way of 
measuring the elusive process called 
physiological aging. The round leaves m 
the common harebell, for instance, aie 
called juvenile leaves. Under ordinary 
conditions adult plants do not form such 
leaves. But a plant kept m a state of de- 
layed development by deep shade and 
high moistuie, or a plant grown from a 
cutting, often does form juvenile leaves, 
even though it is an adult plant; and 
under these conditions flowering and old 
age are delayed Is it possible, then, that 
leaf shape will provide some measure of 
the stage of development leached by a 
plant— not its time-age, but its physi- 
ological age? Any such possibility de- 
seives careful attention. 

F ROM our initial observations, there- 
fore, we are driven to ask how and 
why upper leaves on annual plants differ 
fiom lower leaves. In such an inquiry it is 
well to begin with the simplest hypothe- 
sis. The simplest hypothesis is that upper 
leaves differ fiom lower leaves merely 
because they develop later m the season, 
and that the consistent changes m shape 
and size merely reflect the changes in 
temperature and light from spring to 
summer. 

It is not difficult to test this hypoth- 



DELPHINIUM Wes in this drawing appear at succes- which they are divided. The leaves of other plants differ 
srve levels from the bottom to the top of the plant. The from one another in various ways. In each ease, how- 

leaves chtter m size and in the number of segments into ever, there is a regular variation in leaf shape with age. 
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esis. If, for instance, mormng-gloiy 
plants aie sown in pots once a week 
thiough the spring, and all are giown 
side by side m the same greenhouse, 
then the tenth leaf of an eaily sowing 
will develop at the same time and under 
the same environmental conditions as, 
say, the second leaf of a late sowing. If 
the leaf shape and size aie meiely the 
product of the environment, these tenth 
and second leaves should be alike. Re- 
sults of numerous expeuments show un- 
ambiguously that this is not the case. 
Leaf shape and size depend mainly 
upon position on the plant. It is true that 
they are also influenced by the season, 
but the effects of season are quite dif- 
ferent fiom the effects of the position of 
the leaf on the plant We are theiefore 
obliged to 1 eject the simplest hypothesis, 
and to seek an explanation of the trends 
m leaf shape and size in some internal 
change m the plant i elated to its physio- 
logical age. 

We must note at once that the aging 
of a plant is quite different from that of 
an animal. In an animal the piocesses of 
growth occur all over the body until ma- 
turity, and the animal may then continue 
to live a long time even though growth 
has stopped. In a plant the piocesses of 
giowth aie localized at the gi owing tips 
of the stems. In a com plant, for ex- 
ample, cells at the tip are continually 
dividing to foim new leaves. Above 
the youngest leaves tlieie always re- 
mains a zone of newly formed cells, 
called the mens tern, fiom which subse- 
quent growth will come. The manner of 
growth of a coin plant from its tip is, 
to use a farfetched analogy, rathei like 
the growth of a knitted woolen sock from 
the needles at one end. It follows, theie- 
fore, that a plant is not the same age all 
over; its lower leaves may be three or 
four months old while the uppermost 
leaf is only a few houis old. So long as 
the plant is growing, new meiistem cells 
are being formed at the tip of the stem. 

"Thus in time-age the tip is perpetually 
young. But it is certainly not peipetually 
young in physiological age. In a young 
plant the menstem cells give rise to 
juvenile leaves, m an older plant they 
give rise to adult leaves and eventually 
to flowers. And it appears that this inex- 
orable process of aging goes on even 
when the plant has a constant supply of 
nutiients and, constant conditions of 
light. 

S O we meet here a central problem of 
biology: the problem of the cause of 
old age. There are encouraging signs that 
the anatomy and shape of leaves may be 
a useful measure of plant aging— and to 
be able to measure a phenomenon is the 
first step toward understanding it. 

Recently at the University of Man- 
chester we have begun to study the aging 
of a plant under constant environmental 
conditions. The plant we use is the com- 



ln center is plant giown in shade. At right is plant grown from cutting. 



COTTON leaves have been used to measure the physiological age of the en- 
tire plant. Physiological age of a plant may differ from its time age. Plants 
grown under different conclitions may age physiologically at different rates. 
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DUCKWEED is an important exper- 
imental organism in the author’s 
laboratory. "Mother” frond (A) pro- 
duces several “daughter'* fronds. The 
latter are smaller as the plant grows. 


mon floating duckweed, which can be 
found m almost anv stagnant pond. Each 
leaflike frond pioduces a “daughter” 
frond horn a pocket m its side, when 
this fiist daughter is fully grown, a sec- 
ond daughter frond is pioduced from a 
similar pocket m the other side of the 
paient [see drawings at left). Bv the 
time the second daughtei is giown the 
first daughter frond has broken away 
and become a sepaiate plant, and out of 
the empty pocket a thiid daughter ap- 
peals. This is followed by a fourth 
daughtei m the pocket formerly occu- 
pied by the second daughter. In this way 
a mother frond may bring forth up to 
five daughter fronds, after which the 
mother bond dies. The life expectation 
of a mother fiond is about 45 days. The 
five daughter fronds pioduced m this 
time are similar to five leaves on a nor- 
mal plant. 

The remaikable fact is that even m 
the most carefully controlled artificial 
environment, each of the daughter 
fronds is smaller than the one before, so 
that the fourth and fifth daughters are 
less than half the size of the first daugh- 
ter. To put it another way, the meristem 
cells of the mother bond are, as it were, 
“running down.” 

In terms of physiology, there aie two 
possible explanations tor the 1 unmng 
down of a frond The first is that the 
mothei frond produces a growth-stimu- 
lating substance which is gradually used 
up, so that the fifth frond receives much 
less than the first frond. The second pos- 
sible explanation is that the mother bond 
produces a growth-inhibiting substance 
which, as it accumulates, restricts the 
growth of successive daughter fronds 
moie and more. 

A simple experiment shows which of 
these explanations is the more likely. We 
cut out an immature daughter frond 
from its mother. If its mother supplied a 
stimulating substance, the separated 
daughter frond, deprived of this sub- 
stance, should be abnoimally small when 
it matures. If its mother supplied an in- 
hibiting substance, the freed frond 
should grow abnoimally 'large. It turns 
out that when such a surgical operation 
is performed, the excised daughter frond 
never grows to its normal size; it is al- 
ways abnormally small. This indicates 
that a mother frond stimulates the 
grow tli of a daughter frond, and die re- 
duction in size of successive daughter 
bonds may be due to a diminution m its 
supply of growth-stimulating substance. 

But that is not the entire story. If it 
were, dien successive generations m a 
colonv of duckweed plants would be- 
come smaller and smaller and ultimately 
disappear. This does not happen; indeed 
the average size of fronds in a colony 
remains about the same. The reason is 
that the impoverished fourth or fifth 
daughter fronds reverse the trend and 
produce “granddaughter” fronds that are 


larger than diemselves. The process of 
aging during the life of a bond is fol- 
lowed by a process of ieju\ enation. Each 
new bond m a duckweed colony is m 
fact pait of a cycle of aging and leju- 
venation. Physiological age, unlike time- 
age, can be put into leveise 

This cycle appeals m its most hinnhar 
foim m annual plants, which “run down” 
and die each year but leave behind seeds 
whose germination is in efiect a revival 
of youth. We see m the duckweed, how- 
evei, a case of lejuvenation without seed 
foimation. 

O UR data aie still much too slim to 
justify a geneial theoiy of senes- 
cence and rejuvenescence m plants. We 
must be content with rough working 
hypotheses, most of which are unsads- 
factoiy . The mteipretation we have been 
considering, which is not so much a 
hypothesis as an attempt at diagnosis, 
was put forward by a Russian botanist, 
N. P. Krenke, who died in 1940. Krenke 
had observed that the leaves of some 
varieties of cotton change shape bom 
place to place up the stem. Successive 
leaves become more and more deeply 
lobed, and then the process reveises and 
succeeding ones become less and less 
lobed. If lobing occurs in a compara- 
tively early leaf, then flowering also oc- 
curs early, and vice versa . Krenke there- 
foie suggested that the cycle of leaf 
shape m cotton is a measure of physio- 
logical age. He suggested also that when 
a side branch arises bom a bud on the 
main stem, the branch exhibits some de- 
gree of rejuvenation, foi it repeats the 
shape sequence found on the mam stem. 
The repetition is not perfectly parallel, 
for instance, a side branch from a bud 
low on the stem has its first leaf slightly 
less lobed than the leaf on the main stem, 
while a side branch high on the stem has 
its first leaf slightly more lobed than the 
leaf' on the mam stem. This, however, is 
precisely what one would expect if leaf 
shape measured physiological age, and if 
all side branches were, like the grand- 
daughter fronds of duckweed, physio- 
logically younger than the mam stem at 
the place where they aiise. Since lobing 
in this plant at fiist is a sign of age and 
later becomes a sign of youth, we would 
expect the high side branches to exhibit 
their greatei youth by developing more 
deeply lobed leaves. 

Krenke's hypothesis does not, of 
course, explain these consistent changes; 
it does not even describe all types of 
such change. But it is a bold and pro- 
vocative idea which stmiulates further 
work, and it convinces us that the analy- 
sis of leaf shape may become a problem 
of great importance in biology. 


Eiic Ashby is professor 
of botany at the Uni- 
versity of Manchester . 


24 


as light 


electrons 


record high-energy particles 



Tracks of electrons of energy above i MEV. 


and as heavy 
as iron nuclei 





Seclions of track of pnmar\ cosmic raj particle, identified as Fe nucleus, traveling 
at speed high enough for relativistic mass correction to he significant. After passing 
through a stack of 15 NTB3 Plates, track ends in emulsion of one of them. (Cour* 
tesy of Dr. Bernard Peters and Dr. Helmut Bradt , University of Rochester 


Kodak Nuclear Track Plates are opening broad 
avenues of progress toward understanding the na- 
ture of the physical universe. 

Of the four types made, the newest and most sen- 
sitive have recorded minimum ionization phe- 
nomena, That is, Type NTB3 Plates have recorded 
particles of energies corresponding lo the broad, flat 
minima through winch pass the theoretical curves 
of energy versus energy -loss rate shown at right* 

Kodak Nuclear Tiack Plates, Type NTB3, are 
available in 50-, 100-, 150-, and 200-micron emul- 
sion thicknesses. Because they show background 
from cosmic radiation, they are ship- 
ped immediately after manufacture, , 

should he used immediately upon re- / 

ceipl, and should be processed as soon 
after exposure as possible. !%tf ti|4^ 

Full information about placing and MMjfit 
shipping of orders for them will be md a SB 
sent upon request. 


Shading shows approximate space rates of energy 
loss to which Kodak Nuclear Track Plates respond. 
Actual space rate of energy loss in emulsion is given 
by multiplying indicated rates by the stopping- 
power factor for photographic emulsions, which is 
about 2000. 


I Minimum for NTC is about 10 0 MEV/cm. 
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Evolution of an Investigation 

ATOM BOMB URANIUM 

VANiSHES 

(Front-page headline of an eight-col- 
umn story in the New Yoik Daily News , 
May 18/1949.) 

ATOMIC HEARINGS 
ENDED BY M’MAHON 
Chairman of Lilian thal Inquiry 
Cites Lack of Quorums 

(Headline m the New Yoik Times, 
page 3, August 36, 1949.) 

Thus ended the 1949 Congressional 
investigation of the Atomic Energy Com- 
mission, which began m a splash of page 
one headlines throughout the countiy. 
Its official collapse went unremarked by 
the New York Daily News and most 
other newspapers. 

Red Dragon 

H OW is an atomic bomb put together? 

It may he decades before tins secret 
becomes public knowledge, but it is 
impossible to pi event kittens from es- 
caping from the bag from time to time. 
Recently two participants in the work 
leading up to the bomb were permitted 
to tell in a newspaper interview about 
some preliminary experiments that take 
a dramatic place in the already consider- 
able folklore of the bomb. 

When physicists had worked out the 
theory of a uranium bomb, it became 
necessary to test their theory by some 
sort of experiment short of an explosion. 
They had predicted that a chunk of fis- 
sionable uranium would explode when it 
reached a certain critical size. It was 
also obvious that the critical mass must 
be brought together very rapidly to pro- 
duce an effective explosion. In an iso- 



lated canvon neai Los Alamos, a group 
headed by Otto R. Fuseli, a refugee Gei- 
man physicist, set about the dangerous 
work oi measuring the conditions ap- 
proaching an atomic bomb. Their equip- 
ment, designed by Fnsch, was housed m 
a laboiatorv identified by a red dragon 
painted on the door. 

The equipment was simple One ele- 
ment was a block of ui anium with a hole 
through it. Tin ough this hole the experi- 
menters diopped a slug of uranium. An 
instrument measured the increase m 
neutron production as the slug passed 
through the block. Then they dropped m 
a heavier slug, then a still heavier one. 
Gradually, using successively bigger 
slugs, they came closer and closer to the 
critical mass Finally the experimenters 
set off a reaction that told them what 
they wanted to know. During the three 
thousandths of a second that their heavi- 
est slug was falling through the hole, 
theii instruments lecorded a tremendous 
increase in neutron production. Up to 
the actual explosion of the first bomb, 
tins was the most lehable experimental 
evidence the physicists had that a ui ani- 
um bomb really would explode. 

Radiocardboard 

W HEN m August, 1945, it was le- 
ported that radioactive debiis from 
the first atomic bomb explosion m New 
Mexico had fogged a batch of photo- 
graphic film thousands of miles away, 
the story seemed, even in the excitement 
of the time, a little too much to swallow. 
But the Eastman Kodak Company, 
which had discovered the strange coinci- 
dence of the bomb and the fogged film, 
took it seriously. J, H. Webb of the 
Kodak Research Laboratories undertook 
a long, painstaking job of scientific 
sleuthing to settle the question. He now 
leports, m The Physical Review , the con- 
vincing results of his investigation. 

The film m question, a fresh batch of 
double-coated X-ray film that had been 
packed only three weeks, was found 
heavily spotted when it was developed. 
Tests of the strawboaid in which it was 
packed showed that the strawboard was 
radioactive. Ordinarily this would not 
have been very surprising. Much of the 
packaging paper and cardboard manu- 
factured in the U. S. during the war was 
known to possess radioactivity, due to 
the fact that the general paper stocks 
from which it was made contained radio- 
active paper salvaged from plants mak- 
ing radium instrument dials. But in this 
case the appearance of radioactivity was 
very odd; this particular strawboard had 
been manufactured in a special mill at 


Vincennes, Ind , whei e unusual pi ecau- 
tions were taken to screen out ladioac- 
tive raw materials Previous batches of 
its strawboard had shown no radioac- 
tivity. 

The guilty stiawboard had been made 
on August 6, 1945—20 days after the 
bomb explosion at Alamogordo. The 
Vincennes plant site, on the Wabash 
Rivei, was about 1,000 miles from Ala- 
mogordo. Was it possible that radioac- 
tive particles horn the bomb had been 
blown by winds all the way to the 
Wabash watershed and had contami- 
nated the liver water used m manufac- 
ture of the stiawboard? The only way to 
test this hypothesis was to analyze the 
radiation coming hom the strawboard 
and tiy to identify the atoms emitting it. 

The radiation was veiy slight, and 
Webb had to devise special sensitive 
methods foi studying it. He soon found 
that the strawboaid emitted no appreci- 
able alpha radiation. This luled out the 
possibility that it was contaminated to 
any significant extent with natuially ra- 
dioactive elements, such as uranium or 
th oi mm, for all such elements emit alpha 
lays Thus the radiating particles must 
be artificially ladioactive atoms and the 
only known source that can create and 
disperse large numbers of such atoms is 
an atomic bomb. 

The strawboard gave oft substantial 
beta radiation and some gamma lays. 
When Webb analyzed the beta radia- 
tion, lie discoveied two significant facts: 
1 ) the radiating atoms had a half-life of 
about 30 days, and 2) the emitted beta 
pai tides had an energy of about 600,000 
electron volts. These properties virtually 
identified the radiating atoms, they cor- 
respond closely to those of a radioactive 
isotope of the element cerium, a rare 
earth. And this isotope, Ce-141, is one 
of the most prolific fission products of the 
atomic bomb. 

So it appears that radioactive cerium 
from the Alamogordo bomb explosion 
must have rained, very thinly to be sure, 
over large areas of the U. S. within a 
ladius of hundreds and possibly thou- 
sands of miles from the bomb site. This 
conclusion was greatly strengthened 
when Webb discovered that the same 
type of radiation as he found at Vin- 
cennes was exhibited by strawboard 
made in September, 1945, at a mill on 
the Iowa River at Tama, Iowa, hundreds 
of miles away. 

Webb’s findings plainly are no cause 
for alarm, for the radiation, even when 
concentrated m the strawboard, was far 
below any dangerous level. But an enter- 
prising insurance brokerage firm, Schiff, 
Terhune and Co., Inc., of New York, has 
just turned up some pertinent facts in the 
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industrial axea of the ladiation problem 
On the basis of a large sample poll, the 
firm leports that 70 pei cent of U. S 
corpoiations are mteiested m mfoima- 
tion about msuiance against ladiation 
hazaids, including atomic explosions 
Virtually no such insuiance is now avail- 
able. The leason, says the firm’s presi- 
dent, is that the secrecy suiioundmg 
atomic energy developments and ladia- 
tion hazaids makes it impossible to es- 
tablish picmium xates 


Atomic Shin-Plasters 

N OT a few enti epi eneurs have found 
ways to cash m on public awe ( and 
ignoiance) of atomic eneigy. The Food 
and Drug Administration reports that the 
quack-medicine racket has become high- 
ly radioactive. The Admimsti ation’s in- 
spectors have recently seized some in- 
teresting exhibits. One is the Zerrep 
Applicator, available in the xegulai $50 
size and in a superchaiged version at 
$100, which accoidmg to its mventoi 
emits atomic lays that lengthen hie by 
“expanding the hydrogen atoms” in the 
body. The applicator was touted to 
cure 67 diseases, including cancel and 
poliomyelitis. Other items on the FDA 
blacklist include atomic shm-plasters, 
radioactive bath salts, U-235 medicinal 
water, an n radiating “Vnlium Pencil” to 
be hung from the neck as a means of 
warding off illnesses. 


Corner Lifted 

T HE first official move to make some 
of the vast new engineering knowl- 
edge accumulated in the atomic eneigy 
project available to U. S. industiy was 
made last month by the Atomic Eneigy 
Commission. Following up recommen- 
dations by an Indus tiial Advisory Group, 
the Commission appointed a commit- 
tee of engineeis and trade publishers, 
headed by Sidney Kiikpatnck of the 
McGraw-Hill Book Company, to help m 
declassifying selected technological in- 
formation m the field of metallurgy. This 
will have to do mainly with metals and 
alloys used for blowers, valves and other 
parts of vacuum pumps— a field in which 
the atomic energy project has made re- 
markable advances. 

If this declassification project, an- 
nounced as an experiment, works well, 
the Commission hopes to extend it and 
lift the curtain on other information of 
value to industry. The AEC also named 
a committee to study how the electric- 
power industry may take a more active 
part in its reactor program for the de- 
velopment of uranium as a fuel for 


powei plants. The thiee-man committee 
is headed by Philip Sporn, president of 
the Amencan Gas and Electnc Seivice 
Corpoiation. 


The A.A.A.S. Protests 

A YEAR and a half ago the executive 
committee of the Amencan Associa- 
tion for the Advancement of Science, 
which may be taken as the official voice 
of U S. science, appointed a committee 
to investigate how the security lestric- 
tions of governmental agencies have af- 
fected the nation’s scientists and scien- 
tific work. This Committee on the Civil 
Liberties of Scientists, headed by Mau- 
rice B. Visscher of the University ot 
Minnesota, has now tendered its repoit. 
Its general conclusion is that the national 
“seemity” system, as it is opeiatmg m 
practice, seriously impedes scientific 
woik and menaces the nation’s long- 
term security. The Committee pi eposes 
a numbei of reforms in seemity pio- 
ceduies. 

Its investigation considered the prob- 
lem under three headings. 1) secrecy; 
2) clearance of scientists for confidential 
work, especially by the Atomic Energy 
Commission and the National Military 
Establishment; and 3) Government in- 
vestigations ot the “loyalty” of Federal 
employees, particularly scientific woik- 
eis. Recognizing that under present con- 
ditions some scientific work must remain 
secret and the reliability of persons do- 
ing such work must be investigated, the 
Committee holds that the area of se- 
ciecy, and the investigations, have been 
extended far beyond necessaiy and de- 
sirable limits. 

As to secrecy, it recommends that re- 
strictions on information be confined to 
“immediate military applications of sci- 
entific findings, rather than the findings 
themselves.” It proposes that a sharp line 
be di awn between scientific knowledge, 
“that is, recorded observations of natural 
phenomena,” which should not be secret, 
and “military plans, programs, physical 
locations, designs and mechanisms.” 

As to clearance and loyalty proced- 
ures, the Committee condemns the tend- 
ency to require elaborate clearance 
even for scientists who do no secret 
work, and the guilt-by-association pat- 
tern. The most sharply worded sections 
of its report have to do with the methods 
of investigation of the loyalty and reli- 
ability of scientists. The Committee 
found that the standards for judging 
“security risks” are ill-defined, the inves- 
tigation and hearing procedures un- 
democratic and the decisions often 
arbitrary. “The effect of the excessive 



Flying Jennys fo Jets 

In the days of the flying Jenny and 
the cow pasture airport, comfort was 
a luxury few airmen had time to con- 
sider. Keeping out of the tree tops 
was a more constant problem than 
keeping fingers from freezing. But in 
the sleek new airliners, passengers 
expect drawing-room comfort. That 
requires creative engineering because 
both high and low temperatures are 
involved and only such relatively new 
materials as the Dow Corning Sili- 
cones can take both extremes. 
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Silastic "-coated {/lass doth heating duct 
seals withstand continuous long time ex- 
posure to operating temperatures between 
350° and U00° F. m new Consolidated 
Vulicc Convair-Liners. 

In designing the new Convair- Liner, 
Consolidated’s engineers faced heat- 
ing and ventilating duct conditions 
that would frizzle any conventional 
material; maximum temperature 
450° F.; operating temperature, 350°- 
400° F.; internal air temperature, 
250°-350° F.; internal pressure, 10 in. 
of water; misalignment, % i < o inch; 
vibration from mild to extreme. 

That’s the problem Consolidated pre- 
sented to Arrowhead Bubber Com- 
pany of Vernon, California. Engineers 
at Arrowhead solved this problem 
with a Silastic tube reinforced with 
glass cloth. Arrowhead also uses Sil- 
astic,* the rubber-hke silicone by 
Dow Corning to produce duct seals 
that have high performance records 
at temperatures from —89° to 450° F. 
and under pressures up to 150 p.s.i. 
in the newest type jet planes. 

For the properties of Silastic phone 
our nearest branch office or write for 
pamphlet No. AG-10. 

*TRADE MARK REGISTERED U. S. PAT. OFF. 

DOW CORNING CORPORATION 

MIDLAND, MICHIGAN 

Atlanta « Chicago • Cleveland • Dallas 
New York • Los Angola* 

In Canada: Fiberglas Canada, Ltd., Toronto 
In England: Albright and Wilson, Ltd., London 
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I RAVEL BY spaceship at 
seven miles a second to the 
mountains of the moon! Visit 
the planets and their satellites ! 
This book takes you there in 
exciting text, and in pictures 
literally Ck out of this world” 
and yet scientifically accurate 
, . . that show what your eyes 
will behold from the roaring 
take-off, through outer space, 
to your close-up view of our 
solar system. All that rocket 
science now knows about such 
a trip and the few problems yet 
to be solved are graphically 
set forth to bring this dream 
of centuries closer to reality 
for every reader. 
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precautions,” it says, “is to discoui age 
participation m research activities closely 
linked to the nations well-being Scien- 
tists aie increasingly leluctant to commit 
then personal and professional reputa- 
tions to those who have brought fnvolous 
chai ges against respected colleagues ” 

To illustrate the operation of the 
cleaiance system and of the Federal loy- 
alty order in piaetice, the Committee 
cites a number of cases. 

In one case the reliability of an 
Atomic Energy Commission em- 
ployee was questioned because a 
neighbor had asseited that the em- 
ployee’s mothei -m-law was a Com- 
munist. On investigation it turned 
out that the neighbor had reached 
this conclusion because she had 
beaid that the FBI had been m the 
neighboihood making inquiries 
about the employee. 

In another case a scientist was 
asked by a loyalty board whether 
his contribution of $250 to the 
United Jewish Appeal did not per- 
haps evidence “too much sympathy 
for the underdog/' 

Another scientist was called upon 
to explain her possession of an al- 
bum of Paul Robeson records 
A well-known scientist (Edward 
U. Condon) was asked whether he 
was not disrespectful of the oldei 
ideas m physics. He lephed drily 
that he had always been m favor of 
Archimedes’ principle. 

The Committee notes with concern 
that even universities, in some cases, are 
making security clearance a condition 
for employment of scientists It recom- 
mends that its 77-page repoit, contain- 
mg a long list of lecommendations, be 
submitted to President Truman and be 
published by the A. A A S. 
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False Polio 

I N the past five years, 1944-1948, the 
numbei of repoited poliomyelitis 
cases m the U. S. has more than doubled 
over the previous five-year period. This 
year’s total may reach 35.000, the hugest 
on record. Do these figures represent an 
actual increase of such proportions in in- 
fantile paralysis? Are all the cases now 
being reported really polio? 

Three physicians at the Yale Univer- 
sity School of Medicine have just re- 
ported some evidence that they may not 
be. During the 1948 epidemic these in- 
vestigators,' Joseph L. Melmck, Ernest 
W. Shaw and Edward G, Cm new, dis- 
covered a new virus which produces 
symptoms like those of polio. One physi- 
cian studying this virus was accidentally 
infected with it. He had a slight stiffness 
in the back and a fever that lasted for 
eight days, but the disease left no harm- 
ful effects. The investigators found the 
same virus in many supposed “polio” 
patients. Tests on animals showed that 


it was not a polio vnus it failed to pio- 
cluce polio symptoms m polio-susceptible 
monkeys but did pioduce disease m 
newborn mice that were immune to 
polio. 

The Yale woikeis identified the new 
virus in more than 50 per cent of a group 
of patients m Connecticut and Rhode 
Island whose illness had been diagnosed 
as polio. They also found it in many 
tissue samples from “polio” patients in 
Noith Caiolma and Ohio. Says Melmck 
“It is believed that a sizable percentage 
of [the 28,000 repoited cases oi polio 
m the U. S m 1948] may have been 
falsely diagnosed as poliomyelitis and 
were actually attributable to this new 
vnus. We have leason to think that this 
may be a faiily common disease.” 

All this emphasizes the great need ioi 
a simpler and moie reliable test for polio 
than is now available. Such a test may 
be forthcoming by next year. A group of 
workers is now experimenting with a 
method of diagnosis which may be as ef- 
fective for polio as the Wasseimann test 
is for syphilis. 

The Accident-Prone 

QOME people seem to have a talent for 
O getting into accidents. Many psy- 
chologists believe that this pi oneness to 
accidents is often a symptom of neurosis, 
the lesult of an unconscious urge to self- 
injmy. Some psychiatrists have reported 
that people who have repeated accidents 
tend to be emotionally maladjusted. Be- 
cause of the important implications of 
this theoiy, especially in mdustiy, the 
U. S. Public Health Seivice has begun 
to look into it. 

In an Indianapolis manufacturing 
plant Frank J. Hams, a P. H S. staff psy- 
chologist, caiefully examined 37 often- 
injured woikers and 33 who were raielv 
injured. He gave them personality tests 
and tests of manual skill, and studied 
their habits— whether they liked to gam- 
ble, how many ehilchen they had, how 
often they changed ]obs, and so on. None 
of these tests. Hams now repoits, 
showed any significant differences be- 
tween the accident-prone and accident- 
free groups. In a talk to the American 
Psychological Association, Harris said 

“I will hazard the statement that acci- 
dent-proneness, implying a psychologi- 
cal predisposition to get hurt, may have 
been greatly overrated ... I am not so 
heretical as to say that industrial acci- 
dents are accidental. However, I would 
leave with you the thought that the re- 
search woiker might do well to concen- 
trate less on personality and more on 
obvious hazaids and malpractices.” 

Muscle Engine? 

T HE cyberneticists believe the day is 
not far off when engineers will be 
able to build physical machines that be- 
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have like biological oigamsms. Some 
biologists think it is equally legitimate to 
dream of building biological mechan- 
isms that could function like physical 
machines. They have long amused them- 
selves by speculating about designing 
biological machines that would run on 
chemical reactions like those in living 
cells, instead of on coal 01 electricity. 
They have spoken of harnessing the bio- 
lummescence of fuefhes to make lighting 
systems, of imitating the reactions m 
neive cells to cieate electixc powei. 

Now comes woid that chemists at the 
Weizmann Institute m Isiael have taken 
such a scheme a step beyond the talking 
stage. They aie working on an engine 
that would operate something like a liv- 
ing muscle. The Israelis have developed 
a synthetic rubbei composed, like human 
muscle, of long-chained, high-polymer 
molecules. The matenal expands in acid, 
conti acts in alkali. Compounds of this 
kind are well known to chemists. The 
Institute experimenters propose to build 
an engine consisting of strips of this 
muscle-like substance immersed m watei 
and attached to a lod. By rapidly chang- 
ing the chemical balance m the water, 
alternately making it acid and alkaline, 
they hope to make the strips expand and 
conti act lapidly, thus moving the rod 
back and foith like a piston. If that 
woiks, the lod will be attached to a 
wheel— and the biological engine will be 
complete. Whether it will do useful work 
is anotliei question. 

Thinking Machine 

E NGINEERS have moved a step 
closei to their goal of pioducing a 
machine that will outwit man. Robert 
Haufe of the California Institute of 
Technology demonstrated at a meeting 
of the American Institute of Electrical 
Engmeeis a machine, containing some 
30 telephone relays, that plays ticktack- 
toe. Its human opponent always gets the 
first move, and normally the machine 
nevei gets worse than a diaw. It is 
equipped, however, with a 'poor-play- 
ing” switch which changes its circuit 
characteristics so that a good player can 
beat it from time to time. 

Miranda 

T HE fifth moon of the planet Uianus, 
discovered over a veai ago by Gerald 
P. Kuiper of the McDonald and Yerkes 
Obseivatoiies, has finally been named. It 
would have been logical to name it for 
one of the Titans, the children of the 
Greek god Uranus, but the Titans' names 
have all been used for Saturn's moons. 
So Kuiper turned to the more recent 
mythology of Shakespeare, which has al- 
ready furnished names for three Uranus 
moons— Oberon, Titania and Ariel. He 
named the small fifth moon Miranda, the 
"little cherub" of The Tempest. 
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Although the disease claims steadily fewer victims, it is 
still imperfectly understood. Recently the problem has 
been approached by ivay of the tubercle bacillus itself 


1 AST year 45,000 persons died of 
tubeiculosis in the U. S. This death 
rate— 30 per 100,000 population— 
is the lowest on lecoid, and it is probable 
that the 1949 tuberculosis moitahty will 
be even lowei. The White Plague is no 
longer the most terrible affliction of 
civilization. Yet man is still fai from the 
final conquest of this disease. 

Tuberculosis lemains the most impor- 
tant single cause of death in the age 
gioup 15 to 35. Theie aie in the U S. 
moie than 500,000 individuals of all 
ages who suffer, in great or small degree, 
from active clinical forms of the disease. 
Indeed, it is a stukmg though not wide- 
ly appieciated lact that very few city 
dwellers escape infection with tubercle 
bacilli at some time or other m theii life- 
times. You as an individual may have 
remained unaware of your infection. 
But the widespiead occur lence of the 
disease is well known to the pathologist, 
who often finds definite tubeiculous le- 
sions In the bodies of adults reaching the 
autopsy table after death from othei 
causes, such as automobile accident, 
suicide or old age. The immunologist 
also knows that many people who have 
never noticed tuberculosis symptoms 
give a positive tuberculin test, that is, a 
strong skin reaction to the injection of 
the extract of tubercle bacilli known as 
tuberculin— which is evidence of past or 
present tuberculous infection. In the 
words of the old physician: ‘'Everyone 
has, has had, or will have a little tuber- 
culosis.” 

There was a time when the relation 
between the tubercle bacillus and man 
had a grimmer aspect. As John Bunyan 
put it. "The captain of all [the] men of 
death . , . was the Consumption.” A 
hundred years ago tuberculosis was in 
truth the captain of the men of death 
in the Western world. Its annual death 
rate was then of the order of 300 per 
100,000 population— at least 10 times the 
present rate. This was true in Boston, 
New York, Philadelphia and Charleston, 
as well as in London, Paris and Berlin. 
Many of the most celebrated men and 
women of the 19th century died of tu- 
berculosis or suffered from it: Friedrich 
Schiller, John Keats, Percy Bysshe Shel- 


by Rene J. Dubos 

ley, Anne, Chailotte and Emily Bionte, 
Fredenc Chopin, Nicolo Paganini, Hon- 
oi e de Balzac, Alfred de Musset, Eliza- 
beth Bi owning, Henry David Thoreau, 
Ralph Waldo Emerson, Anton Chekhov, 
Marie Bashkirtsev, Robert Louis Steven- 
son, Cecil Rhodes. To these names 
should be added a long list of distin- 
guished physicians, many of whom died 
of tuberculosis while engaged m the 
study of it. Indeed, so many of the fam- 
ous childien of the 19th century lived 
and died tuberculous that people 
thought there must be some tiagic and 
mysterious relation between tuberculosis 
and genius. But tuberculosis affected 
with equal seventy all intellectual and 
social strata and all age groups. It cast 
so heavy a shadow over society that it 
was darkly reflected in much of the lit- 
eratuie of the Romantic Age, it was, foi 
instance, a central theme m La Boheme 
and La Dame am C amelias. 

The Turn 

And then the White Plague began to 
wane. Sometime around 1860-1870 the 
tuberculosis mortality rate began to de- 
crease in Europe and the U. S. Fiom a 
peak of approximately 400 per 100,000, 
it had come down to less than 200 at the 
beginning of the present century. Except 
for short, local flare-ups associated with 
influenza epidemics and the two world 
wars, it has continued steadily to decline. 

When physicians became convinced 
that tuberculosis was a contagious dis- 
ease caused by a specific bacillus, it ap- 
peared for a while that it would be a 
veiy simple problem to eradicate the 
disease. Let public health officials trace 
the human carriers of the infection and 
devise techniques to prevent the trans- 
mission of bacilli from one person to an- 
other; the chain of infection could thus 
be broken and tuberculosis would disap- 
pear from our midst. In fact, by apply- 
ing this simple principle tuberculosis has 
been almost entirely eliminated from the 
cattle of the U. S, For some 30 years the 
Bureau of Animal Industry of the De- 
partment of Agriculture has carried out 
a most effective campaign for the detec- 
tion (by the tuberculin test) and elimi- 


nation (by slaughtering) of tubeiculous 
cattle 

But the ruthless techniques used with 
cattle cannot be applied to human be- 
ings, even m the most regimented so- 
ciety. Too many of us would have to be 
slaughteied, and if all Americans in- 
fected with tubeiele bacilli were to be 
segregated m sanatoria, few would be 
those allowed to remain outside the 
gates. 

Although eiadication of the tubercle 
bacillus from human societies is not in 
sight, fortunately m many places man 
now appears far bettei able than were 
his ancestors to accept the presence of 
the bacillus without too much incon- 
venience. The fact that tuberculosis 
mortality has deci eased more than ten- 
fold m the last century is a gieat achieve- 
ment of which modem man is justly 
pioud. But his pride is tempered by the 
realization that no one knows exactly 
how this achievement was brought 
about. Tuberculosis, like leprosy and 
seal let fever, is being conquered in spite 
of the fact that we do not completely 
understand it. 

The ti uth is that tuberculosis mortali- 
ty began to decrease two decades before 
the tubercle bacillus was discovered; 
half a century before the wide adoption 
of such measures as early detection, 
segiegation of patients in sanatoria and 
treatment by bed rest, pneumothorax 
and other forms of collapse therapy; al- 
most a century before the first specific 
anti-tubercular drugs (streptomycin and 
para-ammo salicylic acid) became avail- 
able, and before vaccination was even 
considered m the Anglo-Saxon world. 
How, then, can one account for the 
downward trend that began around 
1860? Many explanations have been 
suggested. A mere listing of a few of 
them will illustrate the complexity of 
the problem and the necessity for a 
many-sided approach to control of the 
infection. 

Tuberculosis reached a very high peak 
in Europe and in the U, S. at the begin- 
ning of the Industrial Revolution when 
vast numbers of human beings began to 
move from the rural areas to cities where 
crowding, dirt and poor nutrition pre- 
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ROBERT KOCH, wlio discovered the tubercle bacillus Koch did not know, however, that the serpentine pattern 
in 1882, published this drawing of the bacilli in 1884. was characteristic only of virulent bacillary strains* 



ALBXAiNDER MAXIMOV, a Russian eytologist work- above in 1928. This strain of tubercle bacilli, lie ob- 
mg at the University of Chicago, published the drawing served, exerted a destructive effect on mammalian cells. 





vailed. This state of- insalubrious living 
probably contributed to increasing the 
pievalence and severity of infectious 
diseases. Aiound the middle ol the 19th 
century, retoimeis and public-minded 
citizens started to pieach the vntues of 
puie air, pure food, pure water and less 
promiscuous spitting. Many hygienists 
claim that it was this sanitary awakening 
that turned the tide against tuberculosis. 
Others think that the chief factor was 
a steady increase m the abundance and 
variety of foodstuffs, lesulting m better 
nounshment of the population. 

Still others believe that the major fac- 
tor was genetic The human strains most 
susceptible to tuberculosis weie prac- 
tically wiped out by the scoui ge dui mg 
the 19th century As the victims often 
died too young to leave any progeny, 
there occuired a natural piocess of se- 
lection of those most lesistant to the 
disease. Hence the present human stock 
has greater natural resistance. 

All these reasons sound plausible, but 
theie is as yet no technique available to 
establish then validity or the lole played 
by the various factors m the natuial his- 
toiy of tuberculosis. Of one fact, how- 
ever, we can be almost certain, the bacil- 


lus itself has not changed much. It is still 
as virulent as it was m the days of the 
White Plague. This is indicated by 
countless experiments on animals, and 
m a moie dramatic manner by recent 
epidemic outbreaks of tuberculosis in 
ceitain human populations. The gallop- 
ing consumption of om grandparents, 
now raie among us, still has the power 
to ravage susceptible peoples. Foi exam- 
ple, it played havoc with the Polynesian 
lslandeis when the Europeans began to 
establish wide contact with them In the 
1914-1918 war, it was more effective 
than Geiman guns in destroying the 
Senegalese tioops bi ought to the Fiench 
hont from Occidental Africa Today it 
luns high among the American Indians 
on the xeseivations of Arizona and Cana- 
da. In the aftermaths of the two world 
wars of oui century, epidemics leap- 
pealed in Europe wherever physiologi- 
cal nnseiy became great. And in many 
countries of Latin America, in the tropi- 
cal cities of India and China, and undei 
the cold skies of Greenland, tuberculosis 
still reigns as the captain of the men of 
death 

It is cleai, then, that the bacillus, al- 
though a necessary condition to clinical 


disease, is not m itself sufficient. The 
miciobe needs a feitile soil. It pioduces 
clinical tuberculosis only when the indi- 
vidual's hereditaiy constitution, physio- 
logical distuibances, emotional upsets, 
oveiwoik and other excesses prepare the 
giound. 

Thus there are two aspects of the 
disease to study the conditions in the 
body that enable the bacillus to produce 
disease, and the bacillus itself. To under- 
stand the modern work on these prob- 
lems, it is useful to leview the histoiy 
of tuberculosis reseaich. 

Early Investigators 

As eveiybody knows, the most ad- 
vanced medical thinking of antiquity 
was codified in the writings of Hippoc- 
lates. Whether he was meiely a legen- 
dary hero oi a flesh-and-blood character, 
Hippociates symbolizes the gieat Creek 
school of medicine which flourished on 
the Island of Cos during the fourth cen- 
tury B.C. This school was the first to 
teach that diseases were not visitations 
fiom capricious gods, but the results of 
natural causes. Hippocrates was well 
acquainted with consumption He de- 



ANOTHER STRAIN of tubercle bacilli, Maximov ment, however, on important fact that virulent bacilli 
showed, had little effect on cells. He failed to com- formed serpentine pattern and avirulent bacilli did not 
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MORTALITY RATE of tuberculosis lias declined in 
some parts of the world since the middle of the 19tli 
century. The three lines on this chart plot the mortality 
rates in the U. S. s in Massachusetts and in England and 


Wales. The U. S. rate is indicated by a solid line; the 
Massachusetts rate by a dotted line; the English and 
Welsh rate by a broken line. The figures at bottom arc 
years; those at left, deaths per 100,000 population. 
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scnbed its symptoms and course with 
maivelous accuiacy, noting fuitheimoie 
that the disease appeared to be heredi- 
tary and was moie common among indi- 
viduals of a certain physical type and 
among those living m certain places. But 
nowhere do his writings mention the 
possibility that consumption might be 
caused by a living agent brought to the 
patient from the outside. The “geim” of 
tuberculosis, now glibly discussed by 
even the most uneducated layman, had 
no place m the medical philosophy of 
ancient Greece. 

The Hippociatic view that consump- 
tion was an inborn distui bailee of the 
body aggiavated by envii onmental cir- 
cumstances pi evaded until tlie middle of 
the 19th centuiy. Dui mg the long eia 
ham Hippocrates to Koch, physicians 
were much concerned with describing 
the various manifestations of the disease 
and the factors affecting its course and 
outcome, but few paid any heed to 
its contagiousness. In his Phthisiologia 
published in 1689, the gieat English 
clinician Richard Morton listed “impru- 
dent diet, ovci study, thick smoky air, 
and troublesome passions” among the 
most important causes of tuberculosis. It 
is not known which of these causes led 
him to fall victim to the disease— as his 
father had befoie him, and as his son 
did after him. Another student of the 
disease, William Staik of Birmingham, 
also died tubei culous, in 1771, at the 
age of 29, after having been the fiist to 
state clearly that many varied afflictions 
were in reality different aspects of tu- 
berculosis. In France, Gaspard Bayle 
(1774-1816) substantiated this view by 
showing that eaily and advanced pul- 
monary tuberculosis were two successive 
stages of the same disease. It was Bayle 
who first used the word “miliary” to de- 
scribe small tuberculous lesions— because 
of their resemblance to millet grains. 
Aftci having studied and performed 
post-mortem examinations on 900 tuber- 
culous patients, Bayle too died tubercu- 
lous, at the age of 42. 

Most famous of all the students of 
tuberculosis who died of the disease was 
Bayle’s close friend, the brilliant and 
fiery Rene Theophile Hyacmthe Laen- 
nec (1781-1826). In 1802 he was ap- 
pointed to teach morbid anatomy in the 
Paris School of Medicine to replace the 
celebrated M. F. X. Bichat, who had 
just died of tuberculosis at the age of 
31. Laennec struggled with several acute 
attacks of the disease before he finally 
died of it at the age of 45. In the course 
of his short life this wasted, hollow- 
cheeked little man managed to contrib- 
ute to medicine several fundamental 
discoveries, among them the invention 
of the stethoscope and its application to 
the diagnosis of pulmonary and cardiac 
diseases. By careful listening with the 
stethoscope Laennec gained an uncanny 



INDIVIDUAL BACILLI of tuberculosis are revealed by the electron micro- 
scope. Some investigators have suggested that tlie translucent rim around 
each bacillus is a resistant waxy capsule. Election micrograph was made by 
the Radio Corporation of America. It magnifies bacilli 40,000 diameters. 



INGESTED BACILLI appear as dark flecks in lighter phagocytes. Virulent 
tubercle bacilli immobilize these scavenging white blood cells; avirulent 
bacilli do not. This photomicrograph was made by Hubert Bloch at the 
Rockefeller Institute for Medical Research. It magnifies 2,040 diameters. 
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knowledge of the signs of pulmonuiv 
tuberculosis. He correlated these obser- 
vations with tire types of lesions found 
in autopsies upon patients who died. In 
this way Laennec established beyond 
doubt that many pathological conditions 
previous!) assumed to be unrelated in 
ongin were m reality difteient forms of 
the same disease. All weie characterized 
by the piesence m the tissues of abnor- 
mal giowths which he called “tubercles,” 
whence the disease eventually got its 
name. Yet Laennec, despite his immense 
knowledge of the clinical and pathologi- 
cal aspects of the disease, failed to tiaee 
its oiigin to a poiasitic agent and never 
was entirely convinced that it was con- 
tagious 

Koch’s Discovery 

One of the hist to insist that tubercu- 
losis was infectious was the English 
epidemiologist William Budd, who stated 
m 1867: “The tuberculous mattei itself is 
(or includes) the specific morbific mat- 
tei of the disease, and constitutes the 
material by which phthisis is propagated 
horn one person to another, and dis- 
seminated through society.” At about 
the same time the French military sur- 
geon Jean Antoine Villemm had also 
come to believe that tuberculosis was a 
contagious disease and that soldieis con- 
tracted it from their infected messmates 
Moreover, he had shown in I 860 that it 
was possible to make rabbits tuberculous 
hv injecting into them tubercle material 
horn human beings or cows. But his ob- 
servations and. experiments remained 
largely unheeded by the medical woild 
until Robert Koch (1848-1910) brought 
to theii support the overwhelming evi- 
dence derived from the newly developed 
techniques of bacteriology. 

Koch was 39 when on March 24, 1882, 
he presentee! before the Physiological 
Society of Berlin a paper in which he 
demonstiated with an incredible wealth 
of convincing evidence that tubercles 
contained a peculiar small bacillus. This 
bacillus was very difficult to detect, it 
offered unusual resistance to staining by 
ordinary aniline dyes, and it multiplied 
so slowly that often weeks elapsed before 
its growth became evident even on the 
most favorable culture media. When 
pure cultures of the bacillus were in- 
jected into animals, tliev caused tuber- 
cles to form in the animals' tissues, and 
from these tubercles in turn bacilli could 
be recovered at will The germ theory of 
disease was not entirely new when these 
discoveries were reported in 1882; Koch 
himself had established one of the first 
landmarks of the new science by culti- 
vating the anthrax bacillus in 1876. But 
what gave particular glamor to his new 
achievement was the tremendous social 
importance of tuberculosis in the 19th 
century, and the technical difficulties in- 


volved in the detection and cultivation 
of its causative agent. 

This papei of Koch is legarded by 
many medical historians as the most 
spectacular pronouncement 111 the his- 
tory of medical bacteriology, but Koch’s 
disco veiy left unansweied most of the 
problems of clinical tubeiculosis. As we 
laave alieady seen, the presence of the 
bacillus is only one factoi in the devel- 
opment and seventy of tubeiculosis. 
Good and abundant food and thorough 
lest hom mental womes as well as fiom 
physical effoit are regaided by even 
physician as the most effective weapons 
against the disease, although it is not at 
all cleai how physiological well-being 
and mental rest can increase the ability 
of our tissues to cope with the bacterial 
invader. It is m this field of reseaich that 
are to be found the most important prob- 
lems of tuberculosis, but unfortunately 
physiological science has not yet begun 
to deal with them. At the most it has 
helped in the improvement of certain 
surgical techniques and practices, such 
as therapeutic collapse of the lung. These 
measures, though helpful obviously do 
not deal with the fundamental natuie of 
the disease 


The Bacillus 

What about the other side of the 
problem the bacillus itselP 

The most important tool for the detec- 
tion of tubeiculosis is X-ray photogra- 
phy. Seveial other diseases, howevei, 
show abnormalities so similar to tubei- 
culous lesions that convincing diagnosis 
must finally rest on the finding of tuber- 
cle bacilli. Thus the development of 
techniques for the identification of the 
bacilli is undoubtedly one of the most 
useful contributions of bacteriological 
science to the knowledge of tuberculosis. 
Besides these techniques, the tuberculin 
test also has diagnostic value, though it 
selves a somewhat different purpose. As 
we have noted, any individual who was 
once infected with tubercle bacilli ex- 
hibits an increased sensitivity, or allerg) 7 , 
to the toxic effect of tuberculin, an ex- 
tract of these bacilli. In other words, 
allergy to tuberculin reveals a past con- 
tact with the organism, but it does not 
necessarily mean that the individual still 
has or has had the disease in an active 
form. So in practice the tuberculin test is 
used mainly as a convenient method foi 
ascertaining the prevalence and distri- 
bution of tuberculous infections m a 
given community. 

The knowledge that tuberculosis is a 
germ disease has of course stimulated a 
long and industrious search for drugs to 
treat it. The most spectacular fruits of 
this search have been streptomycin and 
para-amino salicylic acid (PAS) . These 
substances help m controlling the disease 
by interfering with the multiplication of 


the bacilli 111 the tissues. Whatevei then 
usefulness, howevei, it is unlikely that 
these chugs, 01 any that may follow them, 
will ever constitute the final solution to 
the problem of tuberculosis. The ulti- 
mate goal is not to treat the patient, but 
rather to pi event the development of the 
disease. 

A step in this dnection, though a very 
shoit and unceitam one, is the vaccine 
known as BCG. BCG is a weak strain ol 
tubercle bacillus which lacks the power 
to cause the piogiesstve and latal disease 
but letams the ability to elicit m the in- 
dividual m whom it is injected a cei tain 
level of lesistance against the moie viru- 
lent strains. The initials BCG stand for 
Bacillus of Calmette and Guenn, the 
names of the two Fiench bacteriologists 
who isolated the strain moie than 30 
yeais ago and first advocated its use for 
vaccination of human beings and cattle 
The BCG problem is so controvei sial 
and technically so complex that it would 
not be advisable to discuss it 111 detail m 
this article. Let us note m passing, how- 
ever, that the strain BCG illustrates the 
fact that tubercle bacilli may undeigo a 
type of heieditaiy variation which re- 
sults in loss of vuulence— a piopeity 
which we shall consider presently. 

Although the geim theory has found 
so many applications, it has not thrown 
much light so far on the mechanism b\ 
which the tubercle bacillus produces dis- 
ease. What weapons does it possess that 
enable it to become established 111 hu- 
man tissues and to cause theie the typical 
lesions of tuberculosis? This question has 
engaged the attention of our laboratory 
at the Rockefeller Institute for Medical 
Research dining the past four years, and 
for that reason I shall deal with it m some 
detail as an example of the laboratory 
attack on the bacteriological aspects of 
the problem. 

Peculiar Organisms 

The tubeicle bacilli belong to a Luge 
natural family of microorganisms com- 
monly designated as “acid-fast” because, 
once they have been stained with cer- 
tain aniline dyes, they are resistant to 
clecolonzation by acid treatment. These 
acid-fast bacilli are veiy widely distrib- 
uted in nature; they are normally present 
in the human body, on objects such as 
rubbei tubing, in certain foods such as 
butter, on many plants, and m soil and 
water. Yet of all these acid-fast micro- 
organisms, veiy few species can cause 
disease m animals or man. How do the 
disease-producing species differ fiom 
theff innocuous relatives? 

When we decided to attack this prob- 
lem, a technical difficulty at once pre- 
sented itself. Unlike most other micro- 
organisms, the tubercle bacilli are not 
readily wetted by water. Their surface 
repels water like a clucks back. Conse- 
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AVIRULENT BACILLI of tuberculosis in a liquid me- in the surface characteristics of individual a virulent 

dium tend to gather in disoriented clumps. It was first bacilli. The photomicrograph was made by the bacteri- 

suggested by the investigators of the Rockefeller Insti- ologist Hubert Bloch at the Rockefeller Institute. It 

tute that this phenomenon was the result of a variation magnifies the clump of bacilli by 1,520 diameters. 



VIRULENT BACILLI of tuberculosis form long, ers the entire surface of their medium. Dark specks in 
sinuous chains. This is apparently due to the fact that photomicrograph are gianules in individual bacilli, 
they, unlike the avirulent bacilli, adhere to each other Photomicrograph was made by Hubert Bloch at Rocke- 
side by side. The chains form a thin “pellicle” that cov- feller Institute. It magnifies bacilli by 1,520 diameters. 
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AVIKULENT BACILLI form round colonies when 
they are grown on the surface of agar. These are much 
larger than the clump that appears at the top of the pre- 
ceding page. The photomicrograph, made by Gardner 


Middlebrook at the Rockefeller Institute, enlarges them 
only 90 diameters. The colonies grow as the bacilli mul- 
tiply; they stop growing when bacilli have used up near- 
by nutrients or produced an excess of toxic substances. 



VIRULENT BACILLI form curiously coiled colonies 
when they are grown on the surface of agar in the same 
manner as the bacilli at the top of this page. The col- 
onies tend to spread out rather than pile up. At the far 
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left a young colony has sent out tendrils of the character- 
istic virulent chains. This photomicrograph was made 
by Henriette Noufflard at the Rockefeller Institute. It 
magnifies the colonies of tubercle bacilli 230 diameters. 


quently m any cultuie medium using a 
watei solution populations of tubeicle 
bacilli have a tendency to glow m the 
lorm of clumps 01 thick “pellicles” con- 
sisting of millions or even billions of cells 
which adheie fiimly to one another in- 
stead of becoming evenly dispersed 
thioughout the medium. This peculiar 
mode of growth makes it difficult to pie- 
pare homogeneous bacterial suspensions 
and thus limits the possibility of doing 
quantitative work on samples of the cul- 
ture. Moieover, the bacilli located m the 
center of the laige clumps or pellicles 
aie under physiological conditions far 
different horn those pi evading at the 
penpheiy where air and food are readily 
available This results m maiked varia- 
tions m the bactenal population and 
increases the complexity of experimental 
woik. . 

The answei to our problem came from 
chemical technology. Most people will 
probably lemember a chemical experi- 
ment that was widely publicized in a 
commercial film some 10 yeais ago. A 
duck was shown floating with ease in a 
tank of water. Then a small amount of 
a detergent, 01 wetting agent, was 
dropped into the tank, and the duck’s 
leathers immediately began to lose their 
water lepelleney and became soaked. 
The last stage of the expeiiment showed 
the poor bud sinking helplessly despite 
its fi antic efforts to lemain afloat. What 
had happened was that the detergent 
permitted the watei to penetiate the thin 
coating oi oil beneath the duck’s featheis 
which tiaps air and keeps the bud afloat. 
This released the air and destroyed the 
duck’s buoyancy. 

It was this sad expei lence of the duck 
that suggested a suitable technique for 
cultivating the tubercle bacillus. We 
found that ceitain wetting agents— m 
particular polyoxyethylene esters of oleic 
acids and polyoxyethylene derivatives of 
soi bitan monoole ate— when added to 
otheiwise adequate cultuie media, aie 
capable of rendering the surface of tu- 
bercle bacilli wettable by water Thus it 
became possible to obtain homogeneous, 
well-dispersed bacterial populations, in- 
stead of the large clumps or thick pelli- 
cles produced by the conventional culti- 
vation techniques. 

Virulent and Benign Strains 

The solution of this technical difficulty 
greatly facilitated many bacteriological 
operations and permitted a more rapid 
investigation of our central pioblem: the 
mechanism of virulence. The term viru- 
lence itself is something of an abstrac- 
tion; it merely means that a certain mi- 
croorganism can behave as a pajasite for 
a certain animal or plant. In order to find 
some suggestion as to what the concrete 
physicochemical basis of this property 
might be, we undertook a comparative 
study of virulent and avirulent strains of 


tubeicle bacilli, m the hope that we 
could theieby lecogmze some specific 
diffeiences coi related with the ability to 
cause disease. 

Foitunately tubercle bacilli undergo 
variation like all other living things, and 
they can mutate in such a manner that 
their progeny differ m some details from 
the original paient strain. Thus the viru- 
lent bacilli can give use by mutation to 
foims which have lost the ability to in- 
duce disease, it is almost certain, for 
example, that the BCG strain ongmated 
fi om such a mutation. 

It has long been known that the viru- 
lent and a vnulent variants of tubeicle 
bacilli do not behave m the same way 
towaid the cells of animal tissues Some 
20 yeais ago the Russian cytologist 
Alexandei Maximov, then woikmg m 
Chicago, observed that the vnulent 
bacilli exeited a destructive effect on 
animal cells gi owing in the test tube, 
wheieas the avirulent bacilli failed to 
cause any obvious damage Does this 
mean that the viiulent foims liberate 
some peculiar substance that is toxic to 
the tissues? That would be a natural con- 
clusion, foi as everyone knows this is 
piecisely what happens in ceitain com- 
mon disouleis; for example, in diph- 
theria and tetanus the damage is done by 
powerful poisons, or toxins, which aie 
leleased into the body by the coire- 
sponding bacilli. 

In the case of tuberculosis, we have 
a potentially poisonous substance, name- 
ly, tubeiculm, to which, as already men- 
tioned, human tissues become sensitive. 
Tuberculin is a protein h action of the 
tubercle bacillus. But it was found that 
tuberculin is produced by the avirulent 
as well as the virulent bacilli, and both 
forms are capable of sensitizing the body 
to its toxic effect. Tuberculin, therefore, 
cannot be the primary cause of virulence, 
although it certainly plays an important 
part in the manifestations of the disease. 

During the past two years there has 
come to light a type of subtle action of 
vnulent tubeicle bacilli which is not ex- 
hibited by the avirulent forms. Like 
most miciooigamsms, tubercle bacilli— 
virulent as well as avirulent— are readily 
ingested by the devouring white blood 
cells known as phagocytes. Under nor- 
mal conditions these phagocytes move 
about actively, especially when placed 
on certain types of surfaces such as 
plasma clots. Two years ago the Swiss 
bacteriologist Hubert Bloch began at the 
Rockefeller Institute a study of the be- 
havior of phagocytes which had ingested 
tubercle bacilli. His experiments, later 
continued in Basel and at the New York 
City Public Health Research Institute, 
where he is now working, showed that 
phagocytes which have engulfed aviru- 
lent bacilli continue to move about at the 
normal rate, whereas those that have 
taken up the virulent bacilli immediately 
become motionless. These observations. 


since confiimed and extended at the 
Rockefeller Institute by Samuel P. Mar- 
tin and Cynthia H. Pieice, piovide the 
first clue to a dnect physiological in- 
hibitory effect exeited by the vnulent 
bacilli on normal cells 

The Seipentinc Pattern 

Comparison of the viiulent and aviru- 
lent bacilli lias also revealed striking dif- 
ferences m then appeal an ce. Much of 
the pioneer work m this field was done 
by William Steenken of the Trudeau 
Sanatorium Laboiatory at Saianac Lake 
Like manv other woi leers m tubeiculosis, 
Steenken became interested in the dis- 
ease because he lumself had contracted 
it. Although unti amed in bactenology oi 
other medical sciences, he began to take 
pait in the activities of the Trudeau 
Sanatorium Laboratory as soon as he re- 
covered his health, and he has continued 
ever since to observe new and curious 
facts concerning tubercle bacilli. 

Steenken noticed that when the non- 
virulent variants aie allowed to multiply 
m oiclmary liquid media, they tend to 
accumulate m the foim of isolated float- 
ing islands, which coalesce slowly as 
giowth proceeds. The virulent bacilli, 
on the conti aiy, tend to spread lapidly 
over the whole suiface, covering it with 
a thin veil of giowth. These observations 
have been much extended at the Rocke- 
feller Institute by Gardner Middlebiook, 
another victim of the disease. Pie showed 
that the contrasting modes of giowth are 
the expression of vanant types of forces 
holding the bacilli togethei m the coiuse 
of their multiplication. Under normal 
conditions, the avirulent mutants grow 
m the foim of shapeless clumps, whereas 
the virulent bacilli adheie to each other 
sidewise, a fact which gives to their 
giowth a highly characteristic, oriented, 
serpentine pattern. Interestingly enough, 
this serpentine pattern of growth was 
strikingly visible in some of the very first 
micioscopic pictures of the virulent ba- 
cillus, obtained by Koch m 1882, Maxi- 
mov, the Russian investigator whose 
tissue-culture studies we have already 
mentioned, also noticed this difference 
in the appearance of the vnulent and 
avirulent strains Yet no one happened 
to attach any particular significance to 
it. 

There is as yet no precise knowledge 
of the nature of the forces which cause 
the virulent bacilli to orient themselves 
in the direction of their long axis. It has 
been observed, howevei, that the bacilli 
tend to lose their characteristic orienta- 
tion and to separate into individual cells 
when they are cultivated in a medium 
containing wetting agents^This suggests 
that the orientation of the virulent bacilli 
may be due to the fact that they pos- 
sess a special water-repellent substance 
which is distributed over their surface in 
such a way that the bacilli can adhere 
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BEFORE wetting agent was incx eased to more than .05 per cent, virulent 
tubercle bacilli formed their usual corded colonies. This experiment was 
performed by Vernon Knight of the Cornell University Medical College. 



AFTER wetting agent was increased to .8 per cent, colonies were dispersed 
into their individual bacilli. This result supported the thesis that the viru- 
lent bacilli are characterized hy water-repellent surfaces that stick together. 


to one anolhci only in a certain peculiar 
pattern 

A Question ol Metabolism? 

The virulent bacilli possess several 
other physicochemical characteristics not 
usually found in their completely a vn cl- 
ient countei parts Thus we have lecently 
obseived that they have the ability to 
bind to themselves neutral led (as well 
as othei basic dyes) in the form of its 
bright led salt. This occuis even when 
the dye is added to the bacilli m ex- 
tremely alkaline media, undei which 
conditions the dye ordinarily would be- 
come yellow And indeed it lemams 
yellow and unbound when exposed to 
miciooiganisms other than the virulent 
tubercle bacilli. This shows that the 
tubercle organisms possess some unusual 
structural characteristics which differen- 
tiate them from other living cells. 

The dye bound to the virulent tubercle 
bacilli can readily be dislodged from 
them by minute concentrations of certain 
basic gioups (ammonium ions and ali- 
phatic amines) . It is of particular mteiest 
that these same aliphatic amines, when 
used m concentrations adequate to pre- 
vent the binding of neutial led, can 
neutralize the power of the virulent 
bacilli to inhibit the movement of blood 
phagocytes that have engulfed them. 
Since amines aie present in tissue and 
body fluids, heie is a vague hint that 
substances noimally produced by the 
body during metabolism may be able to 
counteract at least a part of the physio- 
logical effect exerted by the bacilli on 
the tissue cells. If this is true, it might 
open a new approach to the study of how 
human beings' susceptibility or resist- 
ance to infection is affected by their 
metabolic characteristics. 

Little by little, other differences be- 
tween the virulent bacilli and their vari- 
ant, benign loans aie being unveiled. 
Needless to say, it is possible, indeed 
likely, that many of these differences 
bear no relation to viiulence. Neverthe- 
less, it appears legitimate to hope that 
this comparative approach may lead to 
the identification of the peculiar struc- 
tures or properties that permit the tu- 
beicle bacilli to establish themselves, 
multiply and cause damage m the tissues 
of die body. Theie is intellectual satis- 
faction in thus elucidating the intimate 
mechanism through which a microscopic 
organism can behave as a parasite, caus- 
ing disease and death. Beyond this lies 
the long-range hope that the investiga- 
tion may help someday in formulating a 
more rational plan of attack against the 
“captain of all the men of death ” 


Rene J. Dubos is a member 
of the Rockefeller Insti- 
tute for Medical Research . 
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WETTING AGENT MOLECULE probably causes dis- bacillus’ hydrophobic surface (gray). Hydrophilic 
pension of virulent bacilli by this mechanism. Hydro- (water-attr acting) ethylene oxide chains are repelled, 
phobic (water-repelling) fatty acid chain is attracted to The bacillus is thereby coated with hydrophilic chains. 



WETTING AGENT TABLE shows the effect of one lent colony in top row to assume shape of avirulent col- 
agent on colonies such as those that appear on page 38. ony. This supports other evidence that virulence of 
Increasing the percentage of wetting agent causes viru- bacilli is associated with their surface characteristics. 
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The large numbers and various types of these companions 
in space are a problem to astronomy. The author’s theory 


relates them to the evolution of both stars and planets 


by Otto Struve 


T O die naked eye each star in the sky 
looks like a solitary island, shining 
m lonely grandeur in an ocean of 
space. But on closer inspection with a 
telescope vve can sometimes see, like a 
lookout on a ship approaching a distant 
shore, that what seemed to be a single 
island is actually a pair or even a cluster 
of islands. Indeed, composite stars ap- 
pear to be almost more the rule than the 
exception. In our own neighborhood of 
the Milky Way, at least half of the stars 
are double or multiple. A famous exam- 
ple is Sirius, a double luminary consist- 
ing of a hot blue star and a slightly 
cooler and less massive companion that 
revolves around the primary star m a 
period of 50 years. As seen from the 
earth, these two companions at times are 
separated by two seconds of arc, about 
six ten-thousandths of a degree— a dis- 
tance that can readily he measured with 
a large telescope. 

Few double stais, or binaries, as they 
are called, are so widely spaced; most 
of them are coupled so closely that even 
when photographed with telescopes of 
the highest le solving power they still ap- 
pear to be single stars. Yet we know, 
just as surely as if w T e could see them, 
that they are actually double. One way 
of detecting binaries is by observing the 
eclipse of one member of a pair by the 
other. We can observe such an eclipse, 
of course, only when the plane of the 
common orbit in which the two stars 
revolve coincides with our line of sight; 
in other words, when we see it edge 
on. Since the planes of the vast number 
of binary orbits in space are tilted at 
random, some of the orbits are bound 
to be edgewise to us. 

Perhaps the best-known eclipsing bi- 
nary is Algol, also known as the Demon 
Star or Beta Persei. Every three days 
Beta Persei dims to about one third of 
its normal brightness, and this phase, 
evidently an eclipse, lasts for about nine 
hours. Half a cycle later it dims again 
for an interval of nine hours, but this 
time the diminution of light is only 
slight. Thus the system apparently con- 
sists of two stars, one much hotter and 
more brilliant than the other. It also 


appeals that when the cooler star is in 
fiont, it does not completely eclipse the 
brilliant one. 

There is a second method foi de- 
tecting bmaiies which permits us to dis- 
cover the more numerous pairs that do 
not eclipse each other. If we look at a 
pair of stars revolving in a common 
orbit whose plane is tilted at an angle 
to the lme of sight other than a right 
angle, one partner of the pair approaches 
us while the other lecedes. We can dis- 
cover this relative motion, even without 
seeing the separate stais, by observing 
a Doppler effect m the spectia of the 
light from the two stars. As is well 
known, the motion of an approaching 01 
receding star pioduces a slight shift or 
displacement of the starlight's spectral 
lines from their noimal position— this is 
the Doppler effect. In the case of a dou- 
ble star, there are two spectra, one super- 
imposed on the other. At times the spec- 
tral lines are split into narrow* pairs. 
Such a pair, consisting of two lines dis- 
placed in opposite directions, can mean 
only that the light is coming from a dou- 
ble source, one moving toward us and 
the other away. 

During the past 50 years approximate- 
ly 1,000 double stars have been dis- 
covered by means of the spectrogiaph, 
and for moie than 500 of these, investi- 
gators have plotted accurate velocity 
curves from which can be derived the 
shapes of then* oibits. If the velocity 
curve is a pure sine curve, the orbit is 
circular. If the curve is not symmetrical, 
we know that the oibit is an ellipse. 
From the character and amount of the 
asymmetry, we can determine the shape 
or elongation of the ellipse and the dnec- 
tion of its long axis. 

T HE discovery of the great frequency 
of binary stars is one of the most 
mtiiguing in modern astronomy. How 
do they originate, and what part do they 
play in cosmic evolution? This problem 
has interested astronomers for many 
years. We shall here consider it anew 
in the light of some recent work and new 
theories on stellar evolution. 

The first fact that struck early inves- 


tigators was the close juxtaposition of 
many of the pahs. It can be show T n that 
m systems like Beta Persei the surfaces 
of the two companions are separated by 
what in astronomical terms is an ex- 
tremely short distance Moreovei, some 
close binary stars aie enveloped m a 
common mass of gas that revolves 
aiound the pan. It was tempting to as- 
sume, therefoie, that these pairs had 
been formed by the splitting or fission 
of a single, rapidly rotating paient star. 
This hypothesis denved stiength from a 
famous physical experiment attributed 
to the 19th-century Belgian physicist 
Joseph Plateau. In this expenment, a 
large diop of oil, the specific weight of 
which is appioximately the same as that 
of a mixture of water and alcohol, is sus- 
pended m a vessel filled with the mix- 
tuie. By stiokmg the drop with a tlnn 
rod, it is made to spin aiound its axis. In 
doing so it changes m shape and becomes 
more and more flattened. As the speed of 
rotation increases the drop assumes the 
shape of a ring and ultimately breaks up 
into a number of small detached di op- 
lets. Astronomers thought that a similar 
process might be operating m the stars. 
The reasoning was as follows. The stars 
contract as a lesult of their own gravita- 
tion. It is well known that when a lotat- 
ing body contracts, its rotation speeds 
up, due to the law of conservation of 
angular momentum. Thus as a star con- 
tracts, it spins more and more rapidly 
around its axis. Finally the centrifugal 
force exceeds the force of giavitation, 
and when that happens, the star bieaks 
into two or moie parts 

This theory was examined mathemati- 
cally by the British astionomers Sir 
George Darwin and Sir James Jeans. 
Jeans, extending the work of Darwin, 
H. Poincare and A. M. Liapunov, pioved 
by mathematical methods that an incom- 
pressible substance, permitted to rotate 
around its axis at an increasing rate of 
speed, would first become flattened in 
the form of a spheroid. After a certain 
critical velocity of rotation was reached, 
the spheroid would gradually stretch 
into a cigar-shaped ellipsoid with three 
different axes. Then a furrow would 
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form in the middle of the body; the fui- 
row would rapidly deepen, finally the 
mass would break into two parts, jeans 
concluded that this process could ac- 
count for the formation of double stars, 
and he defended the fission theory until 
his death m 1946. 

Y ET Jeans himself pointed out what 
is now regaided as the principal flaw 
in the theory. This is that the stars, as 
we observe them, have a great concen- 
tiation of density at the center, m con- 
trast with the theoietical mass of uni- 
form density that Jeans treated. A leal 
star may have a cential density 20 times 
greater than the average density. A 
spheie of this type does not divide by 
the process of fission, but instead be- 
comes lens-shaped and thins out to a 
shaip edge along its equator. If the 
rotation is giadually mci eased, matter 
will begin to stream off the sharp edge 
and form a flat ring aiound the star, 
resembling the ring of Saturn This proc- 
ess of nng formation has been observed 
in stars Theie are many lapidly rotating 
stais of high temperature which are not 
completely stable and lose gaseous atoms 
at the equator because the centrifugal 
acceleration more than balancer the 
gravitational attraction. 

The most famous object of this sort 
is Pleione, one of the seven bright stars 
in the clustei of the Pleiades. Pleione, a 
bluish star, has a nng whose plane very 
nearly coincides with our line of vision. 
Hence we observe the star’s light 
through the gases of the ring, the latter 
produce absorption effects which we can 
lecord by means of a spectrograph. A 
study of these features reveals the di- 
mensions of the ring and its composition, 
its density and its velocity of rotation 
around the star. 

If we could observe Pleione with a 
magnification 1,000 times greater than 
the maximum that the turbulent atmos- 
phere of our earth permits, we should 
be lewarded by a tiuly magnificent 
sight a bluish central star, greatly 
flattened at its poles because of its rapid 
axial rotation, sui rounded by a tenuous 
ring, resembling the rings of Saturn, and 
shining in the distinctive hues of the 
radiation of hydrogen 

There is no possibility that double 
stars can originate from such rings, be- 
cause the rings are unstable. They disin- 
tegrate into space, and, so far as we 
know, they do not condense into planets 
or other bodies of considerable mass. So 
we must search for some other explana- 
tion of the origin of the binaries, 

T HE most piomising theory appears 
to be that they are created by the 
explosion of single stars. The German 
physicist C. F. von Weizsacker has sug- 
gested that the explosion of a supernova 
could easily produce a binary system. 
This theory would explain why there are 



ECLIPSING BINARIES are double stars that revolve about each other in 
roughly the same plane as our line of sight. These four examples are ? 
from top to bottom, Beta Aurigae, U Cepliei, RT Persei and TX Cassiopeiae. 
Size of sun ( lower left) is based on comparison with Beta Aurigae. Sizes 
of other binaries are based on assumption that mass of each pair is equal. 
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STELLAR EVOLUTION might begin with the forma- so rapidly that its equator tapers to a sharp edge. It 
tion of a massive star from a dust cloud. This star rotates becomes a massive double star ( example: TJ Coronae 


so many double star's The German 
astrophysicist A. Unsold has shown that 
every star whose temper atuie is greater 
than that of the sun has a good chance 
of becoming a supernova once during its 
lifetime. On the average a supernova 
appears about once in 600 years m every 
galaxy. During historic times the Milky 
Way has probably had three; one ob- 
served by a Chinese astronomer m the 
year 1054; a second, bright enough to 
be seen in the day sky, noted by the 
Danish astronomer Tycho Brahe in 1572; 
and a third observed by the German 
astronomer Johann Kepler m 1604. 

When we consider the formation of 
double stars, we must pay particular at- 
tention to the matter of angular mo- 
mentum, or rotational energy, because 
a binary system, with two stars revolving 
around a common centei of gravity, ob- 
viously has a great deal of such momen- 
tum. In all probability the two stars com- 
bined can possess no more rotational 
energy than was present m the original 
star, for it is unlikely that the explosion 
that produces the pair adds anything to 
the original system's angular momentum 
Hence it is probable that double stars 
of the type of Beta Persei can originate 
only from parent bodies with large 10 - 
tational velocities. Now it is an extreme- 
ly interesting fact that our galaxy con- 
tains vast numbers of rapidly rotating 
single stars: i.e., potential parents of 
binaries. All of them are extremely hot. 
The cooler stars in the galaxy, of which 
the sun is one, never show large rota- 
tional velocities— except when they are 
double. The sun has a lotational speed 
of about two kilometers per second at its 
equator; at the opposite extreme there 
are hot stars whose rotation is of the 
order of 500 kilometers per second. 

Immediately after a new binary star 
has been formed, the system must be in 
a greatly disturbed condition. And when 
we look for such systems, we find, in- 
deed, that they are not especially rare. A 
good example is the famous eclipsing 
binary Beta Lyrae, which most astrono- 


mers believe to be one of the youngest 
double stars. We know that one star of 
Beta Lyrae's pair is an exceedingly 
luminous object whose radiation of light 
and heat surpasses that of the sun by a 
factor of 100,000 Since it probably de- 
nves its energy from the same nuclear 
piocess as the sun— the transformation 
of hydrogen into helium— we must con- 
clude that Beta Lyrae will exhaust its 
available supply of hydrogen atoms 100,- 
000 times more rapidly than the sun. It 
would take the sun approximately 100 
billion years to convert its hydrogen into 
helium. Making allowance lor the fact 
that Beta Lyrae 's mass, and supply of 
hydrogen, is approximately 10 or 20 
times that of the sun, at its faster rate 
of reaction it would use up its hydiogen 
in 10 million years. Hence Beta Lyrae, 
still pioducmg energy at a tremendous 
late, cannot be much oldei than 10 mil- 
lion years. For a star, this is a very short 
life, 

T HE spectrum of Beta Lyrae shows 
many remarkable featuies which 
aie not duplicated m any other known 
object of our galaxy It shows a set of 
strong absorption lines that come from 
an expanding ring of nebulous gas, pos- 
sibly shaped bke a pinwheel, which sur- 
rounds the entire system. In addition, 
there is a much more concentrated 
stream of gas which flows from the hot 
star toward its less massive, cool and in- 
visible partner. This stream flows com- 
pletely around the cooler component. 

There are a number of other binary 
systems in our galaxy which we recog- 
nize as relatively young. In most cases 
the two components are surrounded by 
a common envelope of streaming gas 
that forms something like a nebulous 
ring around the whole system. 

The ring of gas revolves rapidly in the 
same direction as the two stellar com- 
ponents, but the velocity of the stream 
is often much gi eater than that of the 
stars. As for the motions of the stars, 
in some systems the periods of axial 


rotation and orbital i evolution coincide, 
that is, each star makes one complete 
turn on its axis m the same time that it 
swings a complete orbit, but m otheis 
they differ widely. 

T HE evolution of the nebulous en- 
velopes around the binaries can be 
predicted from a theory of turbulence 
which has lecently been applied to 
astronomy by von Weizsackei. We know 
horn obseivation that such envelopes oi 
lings do not rotate as solid bodies. At 
the outer edges, wheie the densities aie 
extremely small, the individual atoms 
move as fiee mass points under the com- 
bined action of the gravitation of the 
two stars and the piessure of theii light. 
At the inner edges, where the rings are 
in contact with the stars, theii motions 
are constrained by the rotations of the 
stars themselves In consequence, theie 
will be a gradient of velocity as we pass 
from the inside of the envelope toward 
its outei edge. In a stream with non- 
uniform motion two types of flow can 
exist. If the viscosity of the gas is large 
and if the differences m the velocities 
at different levels are not great, the flow 
will be smooth, but under other condi- 
tions the flow becomes turbulent and the 
medium breaks up into countless turbu- 
lent cells which move back and forth m 
random directions and dissipate energy 
through theii collisions and interactions. 

The mathematical theory of this 
process has been investigated by von 
Weizsacker. It turns out that the gaseous 
mass divides into two parts, an outer 
expandmg ring of nebulosity which es- 
capes to infinity and becomes a pait of 
the interstellar medium, and an inner 
mass, much moie condensed, which re- 
mains at the center of the system and 
xetains only a small part of the original 
angular momentum of the rapidly rotat- 
ing system. In this manner, a close dou- 
ble star gradually loses mass and angular 
momentum. We should expect that after 
an interval of the order of 100 or 1,000 
million years, a system of the type of 
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Borealis), which evolves into a dwarf double star (ex- star like sun, with planets conserving angular momen- 

ample: W Ursae Majoris). These might coalesce into turn. They might also yield mass to interstellar dust. 


Beta Lyiae 01 Beta Persei would lose 
about nine tenths of its original mass and 
angular momentum, 

A change m the mass of a star in- 
evitably means a change in its other 
physical piopeities. Its luminosity, its 
temperature and its radius decline A 
giant 01 supei giant bmaiy may become 
a dwarf bmaiy, of which W Uisae 
Majoris is an example Until lecently we 
thought that dwarf binanes were laie, 
but Iiailow Shapley of the Harvard Col- 
lege Observatory has now shown that 
they were little known only because they 
are faint and difficult to find. Per unit 
volume ol space they aie much more 
numerous than all othei types ol close 
binaiy systems Spectrogiaphic observa- 
tions made at the McDonald Observa- 
tory in Texas show that these dwarf 
binaries aie surrounded by common 
envelopes whose pioperties closely le- 
semble the envelopes of the giant bi- 
naries fiom which they have sprung. But 
them envelopes are denser than those 
of the giant binaries, and so the processes 
of dissipation must be speeded up. The 
dwarf binaries must disintegrate even 
fastei than the giants. 

HAT happens then? Do the dwarfs 
ultimately disappear into space? 
No; the process of turbulence described 
by von Weizsacker suggests that ulti- 
mately the dwarfed pair will combine 
to form a single star. Here, however, a 
difficulty anses. The system of W Uisae 
Majoris, which lesembles the sun in tem- 
perature and m the masses and luminosi- 
ties of its two components, has a total 
angular momentum hundi eds of times 
greater than that of the axial rotation of 
the sun. The law of conservation of angu- 
lar momentum predicts that the single 
star descended from such a system would 
be one of very rapid rotation. Yet no 
such stars have ever been obseived. 

It is tempting to conclude from these 
facts that the end product of the evolu- 
tion of a W Ursae Majoris binary is not 
merely a star but a star surrounded by 


a system of planets. Because of their 
gieat distances from the parent sun, the 
planets m a solar system carry in their 
orbital motions a large amount of angular 
momentum For example, in our solar 
system the angulai momentum of the 
planets is 50 to 60 times greater than 
the angulai momentum of the suns axial 
rotation If, at some time m the distant 
past, the planets in oui system had all 
been a part of the sun, its rotation then 
would have been of the order of 100 
kilometeis per second oi moie. This is 
not quite as huge as the angular mo- 
menta of the W Ursae Majons type of 
bmaiy But it does suggest that possibly 
m the piocess of dissipation of the com- 
mon envelope, planets aie formed which 
retain part of the angulai momentum of 
the W Ursae Majons system, while the 
lest of the envelope escapes, 

T HUS a more or less compiehensive 
picture of stellar evolution begins to 
emerge. It starts with a great cloud of 
interstellai dust and gas that condenses 
to form a hot, rapidly rotating star. As 
the star contracts and spins faster, at 
some ciitical point it explodes cata- 
strophically into a supernova. The ex- 
ploding star forms a giant binary en- 
veloped m a great ring of gas Giadually 
the system dissipates and shrinks to a 
dwarf binary. Finally the dwarf reaches 
a critical point at which its two compo- 
nents combine to create a single star 
with a company of planets. 

If this pictuie is correct, it would im- 
ply that theie is a continuous cycle hom 
interstellar matter to massive stars, on 
thiough a stage of binary evolution, and 
back to interstellar matter. Every such 
cycle would leave as a residual product 
a single cool dwarf with its attendant 
planets. So perhaps our solar system is 
not a freak formation, as astronomers 
used to think, but represents a normal 
stage in the evolution of many, if not 
all, stars. The heavens may, indeed, be 
full of planetary systems like our own. 
The proposed ideas involve a great 


deal of speculation, and they should not 
be taken as a final theory of evolution in 
the galaxy But the crucial result of ob- 
seivation— that single solar- type stais are 
nevei known to have a large angular 
momentum, while planetary systems and 
W Ursae Majons binaries both have 
large supplies of it— suggests that theie 
is a connection between binaries and 
solar systems which must be seriously 
considered. 

The process we have desenbed applies 
only to the close binaries, it iails to ex- 
plain the numerous systems which are 
now so well separated that they are ob- 
servable as visual double stars. It has 
been suggested, from time to time, that 
the wider pans diffei fiom the close, 
spectroscopic or eclipsing binaries in 
origin and subsequent evolution. This 
is, at best, a lather unsatisfactory ex- 
planation, because the properties of the 
binaries regarded as a function of the 
separation between the components 
change by gradual stages; they do not 
exhibit a tendency to form two distinct 
groups. Thus it may be that the evolu- 
tion of the close binaries is not the one 
we have suggested, instead of combin- 
ing they may gradually separate and be- 
come visual binaries. This difficulty must 
be recognized. It may help us to clarify 
many still obscure processes of evolution, 
or it may compel us to abandon the work- 
ing hypothesis proposed m this article. 
But this is the way science progresses. 
No theory or hypothesis has ever been 
completely successful. To be useful it 
must lead future lesearch into fruitful 
channels and it must contain a kernel 
of truth which becomes an integral pait 
of all future theories. In the present case 
we venture to predict that this kernel 
consists in the peculiar absence of large 
rotations among the single solar-type 
stars. 


Otto Struve is Distinguished 
Service Professor of Astrophys- 
ics at the University of Chicago , 
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They are copies of the phenotype, the technical term 
for the visible characteristics of an organism. Their 
similarity to mutants launched a fascinating inquiry 

by Richard B. Goldschmidt 


I N 1864 an Austrian entomologist, 
Georg Dorfmeister, reported that he 
could change the typical pattern of 
a butterfly's wings simply by exposing 
the insect m the early pupa stage to ex- 
treme temperatures. His experiments, 
commg m the early days of Darwinism, 
attracted wide attention, for they could 
be interpreted— rather uncritically— as 
experimentally produced evolution. Soon 
it became a fashion among professional 
entomologists and the veiy large Euro- 
pean group of amateur entomologists to 
subject pupae of buttei flies to the most 
varied treatments and to record the ef- 
fects upon coloration and pattern of the 
wings. 

The experimenters discovered that 
changes of wing pattern could be pro- 
duced by various kinds of shocks— short 
exposures to lethal heat or cold, asphyxi- 
ation with carbon dioxide, treatment 
with anesthetics, and so on. The most 
important finding was that effects could 
be obtained only when the treatment 
was applied within a short “critical” 
period soon after the pupa stage began. 

There was much discussion about the 
meaning of these experiments for evolu- 
tionary theory— most of which is obsolete 
today in the light that genetics has 
since cast upon the mechanics of evolu- 
tion. One result of the experiments 
that especially intrigued evolutionists 
was the discovery that butterflies of a 
particular locality, after being changed 
by experimental treatment, sometimes 
closely resembled other races of the same 
species found in other regions. For ex- 
ample, out of heat-treated pupae of the 
Central European swallowtail ( Papilio 
machaon ), butterflies occasionally 
hatched which resembled a variant race 
of this species whose natural habitat was 
Palestine. Pupae of the tortoise shell 
(Vanessa urticae) produced butterflies 
resembling the southern variety of this 
species ( ichnusa ) when they were 
treated with, heat, and other forms re- 
sembling the northern variety ( polaris ) 
when they were treated with cold. In 
those pre-Mendelian days, these results 
were construed as proof that new forms 
in evolution were produced simply by 
the action of the environment, lire ad- 


vocates of this view weie undisturbed 
by the fact that the same effects could 
be produced by heat, cold or chloro- 
form. Experimenteis rarely asked wheth- 
er these effects were actually inherited; 
nor was it asceitained whether the geo- 
graphical varieties in question were 
hereditary races or, if so, how they dif- 
fered genetically from one anothei. 

With the advent of modern genetics 
a different approach to these same re- 
sults became necessary. Studies in ge- 
netics made clear that in considering a 
characteristic of an organism, such as 
the wing pattern, a sharp distinction 
had to be made between the genotype 
and the phenotype. The genotype, or 
hereditary pattern, is based on the 
genetic constitution of the oigamsm, and 
is passed on from generation to genera- 
tion. The phenotype, or visible pattern 
(from the Greek phainein , to show), is 
not necessarily based on inheritance; it 
may be meiely an outward form pro- 
duced by environmental factors. Thus 
the changed appearance of the butter- 
flies hatched from treated pupae might 
be nothing but a temporary, nonheredi- 
tary modification that would not be 
passed on to the butterflies' descendants. 
And the occasional resemblance of the 
modified individuals to other forms that 
were assumed to he genetically distinct 
races might be a chance coincidence. 
Even if it could he demonstrated that 
the experimentally induced changes 
could be inherited— as was in fact 
claimed by two investigators, but never 
proved by proper tests— it might merely 
be that the same treatment that pro- 
duced the phenotype might sometimes 
also produce a true genetic change, a 
mutation. 

Unfortunately the investigation was 
dropped at this interesting point and 
suspended for several decades. Most 
geneticists and evolutionists forgot about 
these once-famous experiments. 

B EGINNING in 1927, 1 embarked on 
experiments of a similar type, this 
time backed by the accumulated knowl- 
edge of more than 25 years of genetics. 
Instead of butterflies, which are difficult 
to breed over many generations and are 


not well explored genetically, I chose a 
moie convenient organism, the fruit fly, 
Drosophila the most fully studied of all 
organisms in regard to heredity. My 
expectation that shock treatments of 
fruit flies would produce effects compa- 
rable with those m butterflies was moie 
than fulfilled. 

We found that by applying heat 
shocks to purebred, or homozygous, 
young Drosophila pupae of perfectly 
normal ancestry we could produce adults 
which were changed in one or moie of 
their visible eharactenstics so as to be 
identical with well-known mutants of 
this fly. Hundreds of such hei editary 
variants are known in Drosophila, and 
every geneticist can distinguish and label 
these mutants of the eyes, wings, body, 
legs, and so on, and follow their simple 
heredity according to the Mendelian 
law. Each of the visible types of flies 
obtained in the temperature experiments 
was absolutely identical with one or an- 
other of the known mutants. Since they 
were copies of the visible form of such 
mutants, they were naturally christened 
phenocopies. 

No phenocopy was ever transmitted to 
the altered fly's descendants; the off- 
spring of these pseudomutants were and 
always remained normal. In my own ex- 
periments and those of other investiga- 
tors, it developed that almost any known 
type of mutant, even some of the rarest 
and most extieme, could be duplicated 
as a nonhereditary phenocopy. Indeed, 
the only class of mutants we have been 
unable to copy thus far is the one asso- 
ciated with simple chemical changes, 
such as eye or body color. This excep- 
tion may have a definite meaning but 
may also be a chance result. At any 
rate, it can be stated with confidence 
that, with this single possible exception, 
the phenotype of any mutant of tire fruit 
fly can be produced experimentally as a 
phenocopy by means of a change m the 
organism that does not affect die germ 
plasm. 

B IOLOGY often is a process of redis- 
covery; when we discover a new 
principle we begin to look at familiar 
phenomena with new eyes. Having been 



alerted to the existence of phenocopies, 
one would expect to find them not only 
in insects but m othei species of animals, 
and not only m experimentally changed 
animals but m nature. And so indeed it 
turns out, investigators have now found 
phenocopies m many oigamsms, among 
them moths, birds, mammals, bacteria. 
Even m man there is a peculiarity 
that can be intei preted as a phenocopy: 
this is the occasional occuirenee of cer- 
tain abnoimahties of the eyes and the 
central neivous system which lesem- 
ble known hei editary conditions but are 
not genetic— they lesult from infections 
of the mothei, known as toxoblasmosis, 
during piegnancy 

Our ongmal phenocopies of Dro- 
sophila were pioduced by heat shocks. It 
has been found since then that a large 
variety of other shocks can produce the 
same lesult. The only thing common to 
all these treatments is that they are out- 
side the range of environmental actions 
to which the organism is noimally ex- 
posed and they act so heavily upon the 
organism that only a few individuals sur- 
vive the shock. The maximum numbei 
of phenocopies is pioduced when the 
treatment is subletlial, meaning that it 
kills a large proportion of the exposed 
individuals but leaves a number of sui- 


vivois This fact is cleaily of great im- 
pel Lance as a clue to what is going on 
m the organism when a phenocopy is 
pioduced. 

The most potent agents foi production 
of phenocopies are heat shocks and ir- 
ladiation with X-iays. Also effective are 
cold shocks, ceitam other radiations, 
especially bombardment with neutrons, 
and ceitam chemicals, provided m the 
atmosphere 01 m the food. 

To produce phenocopies these shocks 
must, however, be pioperly applied, 
which means, as aheady indicated, that 
they must be administered during a 
critical penod m the development of the 
organism It is a well-established fact of 
embryology that a developing embiyo 
lays down the successive steps of its 
organization m a wav which can be de- 
scubed as successive determination This 
means that the first steps of the foima- 
tion of an organ do not establish this 
organ mevocably. It is still possible to 
change the course of developmental 
events by experimental interference. But 
at a definite time and stage m the devel- 
opment of each organ of the embryo, a 
moment comes when the future of the 
rudiment, or hud, of the oigan is deter- 
mined practically irrevocably. For ex- 
ample, when the mdiment of a future 


arm in a vertebrate embiyo begins to 
form, a shock can force the rudiment to 
develop into a leg. But once the ludiment 
has reached a certain age and stage, no 
experimental pioceduie can pi event it 
from forming an arm. There is a definite 
time of final determination for the organ, 
and also for its parts, so that its develop- 
ment as a whole can be conceived as 
the occunence of an orderly series of 
steps of more and moie detailed detei mi- 
ll ation. 

A COMPARABLE, and actually par- 
allel. phenomenon exists in the field 
of developmental genetics Suppose 
theie is a mutant of Drosophila that re- 
duces to 100 the numbei of eye facets m 
the fly, normally about 1,000. If such a 
hereditary line is 1 eared at different tem- 
peiatures, the facet number may be 
changed to another average number ac- 
cording to the temperature used. By ap- 
jffymg the changed temperature only 
during exactly determined time intervals 
in development, one can show that the 
effect occurs only when the exposure 
takes place at a definite limited period 
during development. It is obvious that 
these well-established groups of facts 
from embryology and developmental 
genetics hear a i elation to the critical 



TORTOISE-SHELL BUTTERFLY (Kanessa io ) was three specimens are variations produced by heat. Early 
changed in appearance by exposing its pupae to heat. A experimenters mistakenly thought that these changes 
normal specimen is shown at the upper left. The other could be transmitted from generation to generation. 
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time at which phenocopies are produced. 
In all thiee cases we mav speak of a 
critical penod in which something hap- 
pens 01 can happen. 

Evei since phenocopies became 
known, much effort has been duected to 
the determination of these periods. It 
was found that a critical penod could be 
established for almost every expenmen- 
tal phenocopy. Geneially this penod 
precedes the visible differentiation of the 
particular structure concerned, which is 
to be expected, because experimental 
embryologists have shown that the na- 
ture of an oigan usually is determined 
before its differentiation becomes visible 
All our experiments indicate that a shock 
treatment within certain time limits dur- 
ing this sensitive period not only affects 
the immediate development of the organ 
but forces later developmental processes 
into such channels that the end product, 
the phenotype, is indistinguishable from 
that of a mutant. Normal environmental 
conditions and the usual, or 'wild type,” 
genetic constitution of an oigamsm will 
send the developing organ down one 
load, on the other hand, either an appro- 
priate shock treatment 01 a different 
hereditary factor will send it down a new 
path which ends in a common lesult 
although the causes are different 

C LEARLY the next step m the analysis 
of this phenomenon was to find a 
method bv which specific phenocopies 
could be produced at will. For example, 
was it possible to select a specific tieat- 
ment of larvae or pupae which would 
make all the flies hatched from them 
imitate the type of a particular wing 
mutant? In my first studies I had found 
that a certain wing type in Diosophila 
could be obtained only when the larvae 
were exposed to precisely 35 degrees 
Centigrade; a deviation of one or two 
degrees from this tempeiatuie failed to 
produce the same result. But on the 
whole these early experiments were not 
satisfactoiy in producing specific pheno- 
copies. Subsequent experiments with 
chemical treatments, however, have 
been more successful. A Russian geneti- 
cist, J. A. Rappoport, has laid claim to a 
considerable array of positive results He 
obtained one type of phenoeopv in fruit 
flies with antimony compounds, another 
with arsenic, a third with silver lactate, 
and so on. In each case 100 per cent of 
the treated individuals displayed the 
same specific and distinctive phenocopy. 

Within limits some of these results 
have been confirmed: for example, Ei- 
leen Sutton-Gersh of Johns Hopkins Uni- 
versity, as well as Rappoport, treated 
Drosophila with boric acid and produced 
flies with typical melanotic (i e., black- 
pigmented) tumors. These were pre- 
cisely like tumors that are known to 
exist as hereditary strains. However, we 
produced the same tumors with another 


chemical and witli heat shocks as well— 
so bone acid appaientlv is not a specific 
agent foi this phenocopy. Anothei in- 
vestigator found that ethei oi phenol, 
applied to Diosophila at very eailv de- 
velopmental stages, pioduced flies with 
four wings instead of two. 

Pei haps the most interesting pheno- 
copy of all, from the standpoint of sug- 
gesting a chemical explanation of what 
happens when a phenocopy is produced, 
was created by the geneticist Walter 
Landauei of the Univeisity of Connect- 
icut. He woiked with chickens A well- 
known mutant in fowl is the rumpless 
condition, all oi neaily all the tail struc- 
tures are absent. Landauer succeeded m 
producing this lemaikable aberration of 
the skeleton and the entne posteuor le- 
gion of the chicken’s body as a pheno- 
copy. He did so by injecting young eggs 
with insulin Now insulin, as eveiy 
biologist knows, influences caibohydrate 
metabolism. Thus Landauei ’s experi- 
ment suggests that it may be possible to 
link a striking change m appeal ance, 
such as is produced m a phenocopy, with 
specific details of metabolism. By the 
same token, it may even be possible to 
show that the genes exeit theii effect 
m shaping an individual by acting on 
metabolic processes. 

T HIS leads to the great and decisive 
question looming behind all these 
facts: What is the relation of phenocopy 
to mutation? What is the reason for the 
similarity between phenotypic action 
and the action of a mutated gene? Ignor- 
ing for the moment the possible specific 
effects of particular chemicals, we are 
confronted by the primary fact that 
such radically diffeient agents as heat, 
coldl anesthetics and radiation produce 
the same effects, provided they act at a 
definite critical time of development of 
the individual. This must mean that all 
these various kinds of shocks act upon 
some generalized feature of development 
in tli e organism, some mechanism that 
can be shifted out of its noimal coiuse 
by any kmd of damaging action. If we 
liken this mechanism to a railroad, the 
possible shifts m direction are limited to 
a few fixed tiacks. 

What do all the shocks, or switchmen, 
if you like, have in common? They are 
all of a type that we would expect to 
hinder or to slow up life processes. We 
know that m the living body an increase 
or decrease of temperature, within nor- 
mal environmental limits, increases or 
decreases the speed of reactions. There 
is a -well-known mathematical law that 
applies here: each rise or drop of 10 
degrees Centigrade doubles or halves 
the rate of reaction But this holds only 
up to the limits of normal tolerance, 
beyond those limits heat and cold alike 
throttle and finally halt the process in 
question. Large doses of radiation and 


of anesthetics likewise aie known to 
act m this detumental way. Therefore 
it appeals safe to assume that the 
phenocopic agent slows up oi stops some 
key leaction or senes ol leactions going 
on during the cntical penod foi a par- 
ticular structure In this exactly timed 
senes of events, one of the most ciucial 
is the pioper soitmg out of the sub- 
stances that an oigan needs for cany mg 
out its specific piocesses of organization. 
We might say that at the moment when 
this soi tm g-out piocess has been accom- 
plished m a ceitam pait of the develop- 
ing organism, say, to put it crudely, 
when an arm substance or leg substance 
has been deposited, the point of detei- 
mmation of the oigan has been leached, 
this is the moment when the future 
fate of the pait is nrevocably decided. 
But as all developmental features must 
be intimately mtei woven m oidei to 
produce a normal whole, a perfect tim- 
ing of all these detei mining processes 
m then specific hierarchical order is 
needed to yield the standard end piod- 
uct— the organism with all its typical 
features down to the last hair or speck 
of color. We might roughly compare this 
building of an organism to the op eiation 
of an assembly line. The line must move 
with a definite speed. At a definite time 
a particulai piece must be attached at 
the proper site If one piece is left out 
at a given time, all subsequent opera- 
tions are impossible. Let us not ovei- 
work the comparison, but its use may 
help us to lealize how a change m the 
speed of developmental features at a 
critical time will affect all later pioc- 
esses and therefore will produce a quite 
different end product, if indeed it does 
not utterly destroy the whole fabric of 
development. (Remember that pheno- 
copies appear when the action of the 
agent is almost fatal.) 

The phenocopy, then, is the lesult of 
throwing out of gear the precisely mtei- 
lockecl and precisely timed processes of 
embryonic diffeientiation. It seems ob- 
vious that theie cannot be manv ways 
in which so much harm can be done 
without destruction of the entire inte- 
gration of the processes. The few ave- 
nues available for such changed but still 
feasible development aie probably of a 
plus-minus, slower-faster type 

It is easy to undei stand that by such 
induced shifts an abnormality, even a 
monstrosity, can be produced. But why 
the likeness to a mutant, which is a 
change of structure and therefore of 
development produced by a change in 
the hereditary matenal? If a full answer 
to this problem could be given we might 
behold the answer to the basic riddle of 
genetics: What is a mutation? 

MUTATION can only lead to viable 
mutant forms of a new and heredi- 
tary type if' the effects of the genetic 
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change m the chromosome do not inter- 
fere too much with the oiclerly couise of 
the interwoven piocesses of develop- 
ment. This means, then, that a viable 
mutant is limited by the same features 
as a viable phenocopy. Just as a pheno- 
copic agent can act only upon the re- 
stricted backs along which develop- 
mental processes aie taking place, and 
only m a limited plus-minus way, so 
the mutant gene cannot produce a viable 
oiganism if it does not act upon the 
same tracks m the same way. A mutant 
gene theiefore must differ from the origi- 
nal gene m such a way as to affect one 
of those limited possibilities of a plus- 
minus change m the most intimate proc- 
esses of development. What this change 
is m chemical or physical terms is still 
a mvsteiy. 

Mutant and phenocopy, then, look 
alike because changed genetic action as 
well as action by a phenocopic agent is 
limited to definite tracks. There can be 
no doubt that in the last analysis the 
primal y change produced both by phe- 
nocopic agent and mutated lieieditaiy 
matenal must be of a chemical natuie. 
But theie is no reason to assume that it 
is identical m both cases. If the tracks 
on which a developmental change can 
mn are piescubed and limited, quite 
diffeient pnmai y causes may lead to an 
identical effect. A railioad car will roll 
along its track whether pushed by a gang 
of men, a locomotive, a small explosive 
charge, a vagrant breeze 01 whatever. 
If the push is too great, it will, of 
course, be derailed 

The piesent trend among geneticists 
interested in evolution is toward the 
analysis of the statistical basis of evo- 
lution, the distribution of types in a 
population and the conditions for se- 
lection. It is frequently forgotten that 
hereditary changes which may lead to 
evolutional y changes are limited by the 
possibilities for changing the develop- 
mental pattern of an organism without 
impairing its vitality. The study of phe- 
nocopies and theii relation to mutation 
shows clearly that eveiy departure from 
the norm produced by mutation can also 
be accomplished as a phenocopy. I do 
not hesitate to draw from this the in- 
verse conclusion that any departures 
hom the norm produced by the action 
of phenocopic agents should also be ob- 
tainable as mutants, even m those cases 
in which no presently known mutants 
supply the phenotype lesembling the 
phenocopy. This conclusion suggests 
that future work on phenocopies will 
be most illuminating in what it has to 
tell us about evolution. 


Richard B, Gold- 
schmidt is professor 
of zoology at the Uni- 
versity of California , 






FRUIT FLY WINGS also can be altered by heat* A normal wing is shown 
at the top of this drawing. Second from the top is a jiheiiocopy that copies 
the known mutant “notch.” Third is a phenocopy that copies the mutant 
“lanceolate.” Fourth is a phenocopy that copies the mutant “truncate.” 
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At 82 the founder of psychoanalysis wrote the final 
statement of his system. A noted psychoanalyst gives 
his views on the present condition of Freud’s legacy 


by Fredric Wertham 


A LMOST SO years ago an historic 
debate on the value of psycho- 
^ analysis took place in Vienna 
before the Society for Applied Psycho- 
pathology and Psychology. The discus- 
sion was animated and the critics numer- 
ous. The occasion is woith recalling now 
because it was a turning point in psy- 
chiatry and produced a clear summary 
of Sigmund Fieud's fundamental con- 
tributions to psychology before they 
were befogged by his numerous later 
interpreters. At the end of the meeting 
a psychologist now a professor of psy- 
cliolog)' at a Catholic university in the 
U. S., enumerated the gains of perma- 
nent value contributed by psychoanaly- 
sis; 

1. A better appreciation of sexuality, 
especially of sexuality in childhood. 

2. The lecognition of personality as 
a unit repiesenting the individuals en- 
tire biological backgiound and psychic 
experience. 

3. The recognition of the existence of 
different psychic layers— consciousness, 
the preconscious and the unconscious. 

4. The recognition of the mental 
mechanisms of repression, condensation 
and displacement. 

5. The significance of symbolism m 
dreams— with reservations, 

6. The recognition of sublimation— 
also with resei various. 

Thus with a great deal of resistance, 
both unconscious and conscious, on the 
part of psychologists, a long step for- 
ward in psychiatry was reluctantly and 
half-hearted]} -but nonetheless definite- 
ly-acknowledged. Even if Freud had 
achieved only the minimum set of ac- 
complishments conceded at this critical 
meeting, these were sufficient to revolu- 
tionize the science of psychiatry. For if 
personality was not recognized as a unit, 
if sexuality was not sufficiently appre- 
ciated, if the existence of different 
psychic layers was not recognized, how 
inadequate must the pre-Freud under- 
standing of mental processes have beenl 
To create and establish the new sci- 


ence— which we now call psvcho- 
dynanncs, or "deep psychology*— Freud 
had to perform a labor of Hercules He 
did this first alone, then with a few co- 
workeis, and finally as the head of an 
international scientific school. He be- 
came pi ob ably the most famous psy- 
chiatrist of all time, and towaid the end 
of his life he was treated like Socrates, 
But he was not killed; he was exiled. In 
193S, at the age of 82, he sal down 
undaunted and wrote a summing-up of 
psychoanalysis. This little book of only 
127 pages has now been published in 
English with the title An Outline of 
Psychoanalysis 

It would be presumptuous to praise 
this book m the ordinal y teims of grati- 
fied appiaisal or formal lespect. No other 
psychiatrist oi psychologist of our time 
could sit down at the end of His life 
and look back on such a long chain of 
original woik as could Freud. 

Freud’s final woik is a suivey of 
psychoanalysis in compressed form. It is 
a ciystallization of psychoanalytic 
thought. But it would be a pity if it 
weie taken merely as a contribution to 
die cunent trend to satisfy intellectual 
cuiiosity in digest or synopsis form. This 
woik is not a synopsis. It is a full state- 
ment. It can be read at different levels. 
You can gam fiom it a view of die field 
of psychoanalysis; but you can also lead 
it at a deeper level where it is at the 
same time a dissection and a synthesis 
of what Freud considered the most im- 
portant tenets of psychoanalysis. It is 
therefore an indispensable book foi any 
scientist who wants to be abreast of cur- 
lent psychological diouglit. It is the 
type of book that is so good that once 
you have taken it up,’ you do lay it down 
again, in order to think for yourself. 

It is evident that Freud took great 
pains in writing this book. He was anx- 
ious to convey exactly and clearly what 
he thought and what he wanted to stress, 
and he evidently took equal pains to 
omit what he wanted to leave out. We 
are obliged to take these details serious- 


ly. Fieud himself was not completely 
satisfied and did not quite finish the 
book. But he was so near its completion 
that this fiagmentary form makes one 
think of the esthetic completeness that a 
toiso can have m sculpture. 

I T is significant that Freud wiote An 
Outline of Psychoanalysis more from 
the point of view of the scientist than 
that of the theiapist. In this summaiy 
work he took pains to clarify and make 
more precise his definitions of the basic 
concepts, the id, the ego and the super- 
ego The book abounds in excellent for- 
mulations of the natuie and functions of 
these elements Foi instance, he de- 
scribes the region of the id. “It contains 
everything that is inherited, that is pres- 
ent at biith, that is fixed m the constitu- 
tion-above all, therefore, the instincts, 
which originate in the somatic organiza- 
tion and which find then mental expies- 
sions m the id in forms unknown to us.” 
He also describes cleaily the pioblem of 
psychoanalysis: “The analytical physi- 
cian and the weakened ego of the pa- 
tient, basing themselves upon the real 
external world, aie to combine against 
the enemies, the instinctual demands of 
the id, and the moral demands of the 
super-ego.” 

His brief chaptei on the technique of 
psychoanalysis is a model of didactic 
clarity, and at the same time shows his 
sincerity and self-criticism. In view of 
the exaggerations of some of his conser- 
vative American followers, who have be- 
come moie Freudian than Freud himself, 
it is a relief to lead his calm, mature 
conclusion that “it makes no diffeience 
whether a child has really sucked at the 
breast or been brought up on the bottle.” 
He points out gaps in one of the most 
vulnerable areas of psychoanalytic 
thought— the great importance assigned 
to the pleasure principle as a motive for 
behavior— and opens vistas for further 
work. 

The clearest and most impressive 
chapters are those on mental qualities 
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and on dieam interpretation, which deal 
with the most valid part of the whole 
psychoanalytic stiuctiue. The tiiad of 
mental qualities— consciousness, the pie- 
< onscious and the unconscious— which 
lias become an indispensable part of 
thinking in psychology, Freud regaids as 
“not a theoiy at all but a first attempt 
at a stock-taking of the facts of our ob- 
sei vation ” He summarizes “Piocesses 
in the unconscious or m the id obey dif- 
ieient laws hom those m the precon- 
scious ego.” 

In the chapter on dream intei pretation 
he goes to the heait of his dieam theory 
m this teise statement . dreams are 
mvanably the product of a conflict 
Something that is a satisfaction foi the 
unconscious id may for that leason be a 
cause of anxiety foi the ego.” He lepeats 
his felicitous, nevei -refuted statement 
“The dream is the guaidian of sleep.” 

HAT aie the points that Fieud pai- 
ticulaily sti esses m this, his final 
statement? Fie makes the foundation 
stone of deep psychology the conflict be- 
tween the libido and the death mstmct: 
“This interaction of the two basic in- 
stincts with and against each other gives 
rise to the whole variegation of life ” Fie 
speaks emphatically, but not with Ins 
usual lucidity, of aggressive impulses, ag- 
giession and aggressiveness (Nowheie 
does he define these teims very cleailv.) 
He sees fundamental difleiences m the 


psychological and sexual development of 
men and women, he places women de- 
cidedly in an mferioi role. He assigns a 
cential position to the cassation com- 
plex. All through his presentation, he 
lays pi mie emphasis on the quantitative 
factois m the oigamzation of normal and 
abnormal mental life 

Such, m brief summaiy form, are some 
oi FieucYs final conclusions We aie of 
couise intei ested in the larger question 
Where has psychoanalysis ai lived after 
half a centuiy? The Outline gives a cioss 
section of psychoanalysis at the time of 
its wntmg. Theie is practically no refer- 
ence to its historical development. It we 
wish to evaluate on the basis of this book 
the status of psychoanalytic thought to- 
day, we must of necessity supply a his- 
toiical background to Freuds presenta- 
tion Here, as so often, the histoiy of a 
science is that science itself. 

One should make clear that, aside 
from the host of new clinical facts about 
patients that he observed, Fieud bi ought 
about thiee fundamental changes m the 
approach to the study of peisonality and 
mental pathology. The fiist was to speak 
of psychological processes at all, and to 
think of them with the logic of natural 
science. This became possible only when 
Freud introduced the realistic concept 
of the unconscious and practical meth- 
ods foi its investigation. The second was 
his introduction of a new dimension in- 
to psychopathology, childhood. Before 


Freud, psvchiativ was practiced as if 
eveiy patient was Adam— who never was 
a child. The thiid was his inauguration 
of the genetic understanding of the sex- 
ual instinct. His real disco veiy here was 
not so much that children have a sex life, 
but that the sexual instinct has a child- 
hood. Recognition of the existence of 
these pie-stages of adult genital sexual- 
ity (regardless of whether Freud was 
entnelv correct m his analysis of the 
actual details) has become one of the 
cornerstones of the scientific study of 
human sexual life and its disorders. 

These new insights based on new ob- 
servations are high points in the long 
and labonous historical development of 
Freud’s thought To gam a critical view 
of psychoanalysis toclav, we have to go 
a little moie deeply into this history. I 
have found it useful to distinguish 
schematically certain stages m the de- 
velopment of psychoanalysis. 

In the first stage, m the 1890s, Freud 
discoveied the pathogenic significance 
of the content of an individuals mental 
life, as opposed to the previous emphasis 
on the foi m of mental states. Freud’s 
eailv co-worker, Joseph Bieuer, for in- 
stance, thought that the only experiences 
or images that could lead to mental ill- 
ness were those which occurred m spe- 
cial formal mental states, such as the so- 
called “hvpnoid” state. Fieud, on the 
other hand, saw the neurosis as a de- 
fense against circumsci ibed contents of 




SIGMUND FREUD wrote his last book as an exile in Vienna. Atop the desk were statues of primitive cul- 
England. Here he is depicted at his famous desk in tures whose customs he invoked to, support his system. 
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A GLOSSARY OF FREUDIAN TERMS 


PRECONSCIOUS 

A psychic layer, or level of mental activity, of 
which we are not consciously aware but which is 
distinguished from the unconscious by the fact 
that it has the same formal structure as conscious 
thought. 

UNCONSCIOUS 

A psychic layer which is characterized not only 
by lack of conscious awareness but by special 
laws: e.g., the presence of symbolic expressions 
and images; the free flow of libido; the absence 
of distinctions between the past and present, the 
subject and the object, fantasy and reality. 

LIBIDO 

A concept denoting sexual energy in the broadest 
sense. 

ID 

The mental representation of primary instincts. 

EGO 

The self, that part of the id which has become 
organized by adaptation through influences of 
the environment- 

SUPER-EGO 

The conscience, the psychic focus of restraining 
forces in an individual which are derived from 
his parents and society. 

REPRESSION 

A mental mechanism whereby thoughts or wishes 
that would he unpleasant if conscious are rele- 
gated to a layer below consciousness. 

DISPLACEMENT 

The mechanism whereby the emotion attached 
to one idea is shifted to a more innocuous one. 

SUBLIMATION 

The deflection of repressed sexual strivings 
toward other aims. 

CONDENSATION 

The representation of two or several ideas by one 
word or image. 

TRANSFERENCE 

The shifting to a new person of a positive or nega- 
tive attitude based on the pattern of a repressed 
relationship with another person in one’s past life. 

NARCISSISM 

The turning or returning of the libido toward 
one’s own ego. 

REGRESSION 

Retreat to an emotional pattern of the past. 

REPETITION 

The tendency of certain neurotic phenomena to 
repeat themselves; independent of the pleasure 
principle. 

RESISTANCE 

The emotional counter-force which prevents re- 
pressed thoughts, feelings or memories from 
reaching consciousness. 


the mind which were incompatible with 
the dominant tendencies of the patient’s 
mentality. 

This emphasis on content was a thorn 
m the flesh ot the contempoiaiy aca- 
demic psychologists. In 1927 the famous 
Austiian experimental psychologist Karl 
Buehler was asked to delivei a lectuie at 
Johns Hopkms Umveisity. He was 
wholeheartedly opposed to psychoanaly- 
sis, but knowing its attraction he chose 
it as a subject foi his lectuie— just as a 
pieachei can speak about the devil and 
his works as long as he is against them 
Buehlei was particularly against Fieud’s 
scientific attention to circumsciibcd 
mental experiences, that is to say, the 
contents of mental life as against the 
foimal aspects which the experimental 
psychologists had studied so patiently. 
In German the word for content, Inhcilt, 
is sometimes used by philosophers inter- 
changeably with the woid St off (mat- 
ter). So Buehler called his lectuie 
“Fieud the Stuff Thinker”— and kept on 
talking about “stuff thinking” foi a whole 
hour. His huge audience, which had ex- 
pected him to talk about sex (against it, 
of course) was both disappointed and 
bewildeied. Nobody had any idea what 
he was talking about. 

In tins first stage Fieud ovenated, as 
he himself pointed out later, the role ol 
sexual traumas m childhood, which he 
considered the chief factoi in causing 
neuroses. 

I N the second stage, centering m the 
publication of his Thice Contribu- 
tions to the Sexual Theory m 1905, 
Freud evohed the conception of “cir- 
cumscribed perversion tendencies.” He 
studied and described their relation to 
the psychosexual constitution and to 
character in geneial. At this stage a Gei- 
man pupil of Freud, Kail Abi aliam, 
made a great step foiward m oui under- 
standing ot schizophrenia, then called 
dementia piaecox. Abiaham pointed out 
m 1908 that in this disease the capacity 
foi both transference and sublimation is 
greatly reduced. 

In the third stage, the period during 
which Fieud published his important 
work Introduction to Narcissism ( 1914) , 
the interest of psychoanalytic theory 
shifted from repression and the repressed 
to die repressing principle, that is to say 
the ego tendencies, Freud now formu- 
lated the important conceptions of nar- 
cissistic regression and classified a whole 
gioup of psychoses as narcissistic condi- 
tions. This stage might be called the 
stage of ego psychology. 

In the fourth stage, ushered in by 
Beyond the Pleasure Principle (1920), 
a decisive turn in theory took place. 
Starting from studies of traumatic war 
neuroses, Freud introduced a new prin- 
ciple which under certain conditions re- 
places the pleasure principle, namely, 
the tendency to compulsive repetition of 
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acts 01 experiences. From this lepetition 
tendency Fieud logically deiived the 
idea of a tendency towaid death Fie 
now saw the two opposing loices m men- 
tal life not as libido and ego instincts but 
as life instincts and death instincts 

The date of the beginning of this 
gloomy theory (1920) is not accidental. 
But the war and the clinical observation 
of wai neuroses of which Fieud spoke 
were not the whole explanation of his 
new theory, nor even its most impoitant 
part. A brilliant psychoanalyst, Leo 
Kaplan, wiote m 1916 “The depend- 
ence of thought on circumstances of the 
time usually remains unconscious to the 
thinkei himself ” I am convinced that 
first the hope and then the breakdown 
of the democratic ti ansf ormation m Ccn- 
tial Europe influenced Fieud’s thinking 
Analytically speaking, theie is evidence 
of this m his wntings 

I legard as belonging to a fifth stage 
the penod of The Ego and The Id 
(1923). This was the work m which 
Fieud fiist suggested the existence of an 
unconscious part of the ego, which he 
called the super-ego. Fie had observed 
that during the psychoanalysis of pa- 
tients the analyst often encounteied ic- 
sistance bom the ego, lathei than from 
the unconscious. The oldei idea that 
such resistance always arose from a con- 
flict between the ego and the lepiessed 
unconscious no longei sufficed. To ex- 
plain the unconscious resistance belong- 
ing to the ego, he foi undated the concept 
of the ego ideal or supei-ego, which is 
derived from the Oedipus complex, i.e., 
it originates primarily hom identification 
with the paients. 

It is interesting that m the same year 
m which Fieud studied so carefully the 
ielationsliip of the repiessmg agencies 
to the unconscious, he published a paper 
m which he emphasized moie definitely 
and clearly than ever before that the 
Oedipus complex was one ol the mam 
pillars of psychoanalysis. The Oedipus 
complex is of course a crucial issue. It is 
a wedge that opens the door of psycho- 
analysis to the social factors an psycho- 
pathology. But Freud, having opened 
this door, chose to pursue a diffeient 
path, toward a strictly biological inter- 
pretation of mental illness. It is an odd 
and superficially unexplainable fact that 
Freud never gave much attention to the 
social pressures that play so large a pait 
in neuroses, the word social does not 
even appear in the index to his Outline 
His orientation when he deals with the 
larger aspects of psychoanalysis is bio- 
logical. The social is, one is tempted to 
say, repressed. 

Looking at An Outline of Psychoa- 
nalysis in this historical way makes it 
easier to take a broad, critical view. The 
essential paradox is that psychoanalysis, 
which made psychology and psychiatry 
more human and introduced the facts 
of life into the social sciences; has in 


these last wntings of Freud become so 
abstract, so inhuman. In a levised ver- 
sion of the book Freud wrote “Psycho- 
analysis. has little chance of becoming 
populai.” At the veiy moment of writing 
this aiticle, I have leceived a letter from 
a magazine asking me to write an article 
to explain the enoimous popularity of 
psychoanalysis. The mushroom growth 
of psychoanalysis m the U. S is itself an 
impoitant social fact. 

While Fieud was inclined to pay little 
attention to the philosophers, there is 
definitely a philosophical backgiound to 



DAUGHTER ANNA accompanied 
Freud in his days of exile. Today she 
is a child psychologist in England. 


his views. It would not be difficult to 
show that he progressed from a maten- 
alist point of view, anchored m natural 
science, to a mechanistic idealism which 
—as it so often does— leaves great loop- 
holes for reactionary mysticism There 
are passages in his book which might 
have been written by the German physi- 
cist and philosopher Ernst Mach, whose 
philosophical point of view led him to 
deny the possibility of the leal objective 
existence of the atom. Freud writes, for 
example: “Reality will always remain 
'unknowable/ ” How far this metaphysi- 
cal idealism of Fieud’s goes is shown by 
his speculation that space itself may be 
nothing but the projection of the exten- 
sion of the mtrapsychic apparatus which 
he is able to describe so well in his 
Outline. 

T HIS philosophical bias breaks 
through in his conception of the 
death instinct. It is wrong to think that 
this death-instinct theory is just a minor 
excrescence which can he disregarded 
without affecting the rest of his ideas. 
On the contrary, it is the logical outcome 
of a development that started about 
1920, and it affects Freud’s to my mind 


dubious theories that aggiession and sad- 
ism are a “displaced death instinct.” 

With the wide acceptance of the death 
instinct, with all its clinical and social 
implications, the “deep psychology” of 
psychoanalysis goes off the deep end. 
There is an intrinsic similanty heie to the 
position of Martin Heidegger, the ex- 
istentialist who became one of the most 
influential Nazi philosophers. Reading 
Freud’s Outline , one is reminded of 
some of Heideggei’s foimulations “Man 
. . is a finite creature, placed between 

bn th and death, full of anxiety, and 
guilty, who is called bv death to Ins very 
own ability to be. His being is a being 
unto death.” I am not comparing a soph- 
ist like Heideggei with one of the gieat- 
est scientists of our time, but I do say 
that then philosophical ideas stem fiom 
the same soeio-histoncal conditions of 
our epoch, and that the influence of these 
ideas on science is intrinsically regres- 
sive. 

There aie many details with which 
one could fill m this picture of the latest 
development of psychoanalysis as the in- 
troversion of a science. To be sure, Fieud 
cannot he held responsible loi what his 
epigones do and write. In om time it is 
difficult really to experience one’s experi- 
ences, to comprehend the cold-blooded 
violence of contemporary events, about 
which we get only statistical news. The 
old-style conservative psychoanalysis has 
not helped people here. It has excluded 
the social scene m favor of the individ- 
ual, action in favoi of introspection, and 
histoiy and economics in favor of biolo- 
gy. That of course has had its effect on 
the validity of psychoanalytic theoiy and 
the results of its theiapeutic practice. 
The ingrown school of orthodox psycho- 
analysis has developed analysts who 
have raised to the nth degree the disdain 
for diagnosis of living people and turned 
instead to the development of more and 
more refined psychological mechanisms. 
I have seen the results of this type of 
thinking and practice not infrequently 
over the years. It sometimes reduces psy- 
choanalysis to a practice that knows only 
one diagnosis, one etiology and one erne. 
Freud’s Outline does not contain a word 
of warning that unless there is a continu- 
ous clinical checking of the psychoana- 
lytic schemata m the individual case, 
there is the danger of a prolonged psy- 
choanalysis turning into the disease 
which it started out to cure. Nor does 
the Outline counteiact the present-day 
flirting of some analysts with certain 
currently fashionable phenomena that 
might be called extra-common-sensory 
perception. 

One impoitant lesson taught by the 
latter-day development of psychoanaly- 
sis is the intricate relationship between 
theory and practice. In his last phase 
Freud— and even more his followers— be- 
came entangled in the idea that human 
beings possess an innate aggressiveness. 
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linked to clestiuctiveness, which must 
find release if mental health is to be pre- 
served. Overdoing the originally conect 
piinciple of quantity in mental life to the 
exclusion of the clinical principle of 
quality, Freud m the Outline anived at 
schematic statements such as this “A 
surplus of sexual aggiessiveness can 
change a lover into a sexual murderer, 
while a sharp diminution in the aggres- 
sive factor will lead to shyness or impo- 
tence.” 

This reasoning may— and m Freud’s 
followers often does— lead to an over- 
mechanical evaluation of early experi- 
ence and tendencies, and to a disregard 
of the all-important defensive aspects of 
aggiessive behavior. What does that lead 
to m practice? Psychoanalysts divert at- 
tention fiom the important task of ar- 
ranging the social conditions of mature 
people so that waste, destruction and 
exploitation may be reduced and abol- 
ished. They have made many people be- 
lieve that if you analyze aggression m 
the kindergarten you don’t have to fight 
it m the grown-up world. Where the pie- 
Freudian psychiatrist treated an Adam 
who had no childhood, the post-Freud- 
ian psychiatrists are prone to put so 
much emphasis on Adam’s childhood 
that they leave out the fact that he be- 
came a man with adult troubles, work 
and experiences. 

Their explanation of cruelty? as sadism, 
and of sadism as the death instinct, m my 
opinion has disqualified the more ortho- 
dox devotees of Fieud fiom facing the 
anxiety-producing reality of violence in 
our time. How much more scientific psy- 
choanalysis was in its earliei period than 
in the piesent can be seen m its attitude 
toward the social influences brought to 
bear on the child himself with regard 
to violence. In the middle 1920s Wil- 
helm Stekel wrote; ‘Intelligent parents 
should see that their children do not be- 
come mere ‘bookworms’ who devour one 
book after another and so lose their sense 
of reality Many a boy and many a girl 
have been made unhappy by bad books. 

. . . Only the best is good enough for 
the growing child. . . . Fairy tales, at 
least in the form that Grimm has given 
them, are unsuitable for children. New 
editions for the various age levels should 
be printed in which all that is cruel will 
be eliminated or at least modified. It is 
not necessary . . for tortures and mur- 
ders to occur wholesale.” In contrast, 
consider the attitude of conservative 
present-day psychoanalysts toward the 
murder and horror “comic” books, com- 
pared with which Grimms fairy tales 
were child’s play. One of the leaders of 
the conservative psychoanalytic school 
has said that these millions of unbeliev- 
ably cruel • comic books should not be 
criticized because they are “part of the 
American scene.” And the psychiatric 
apologists for “comic” books have made 
ample use of latter-day theories about 


the need to satisfy mboin aggiessive in- 
stincts, disiegaidmg the obseivations 
and expei lences of countless mothers 
who have to deal with reality. 

Surely if a psychotherapist believes 
that aggiession is inborn and its future 
course mechanically detei mined by 
childhood experiences, he cannot cany 
out a prolonged psychoanalysis on a pa- 
tient without this idea of his being re- 
flected m the lesults. I have foi years 
collected and studied the effects on peo- 
ple of prolonged conservative psycho- 
analytic treatment, and the unattractive 



FREUD’S BIRTHPLACE still 
stands in Freiburg, A plaque honor- 
ing him now liangs beneath roof. 


truth is that these “ex-” patients are 
among the most aggressive people to be 
found. 

T HE great discovery of psychoanalysis 
was the discovery of the individual. 
The gieat error of late oitliodox psy- 
choanalysis is to see the problems, the 
processes and the solutions only within 
the individual. Inasmuch as the indi- 
vidual from the very beginning grows 
and matures in a social medium, the 
disregard of social processes mars the 
theory and in practice may have dis- 
astrous effects on the individual. Freud 
taught us to understand the many eaily 
difficulties between parents and child. 
But they also occui m the context of the 
larger society, and the social position of 
the mothei, the father and the child is 
indispensable for understanding the in- 
dividual difficulties 

It is significant how often, and in 
what crucial places, in this brief Outline 
Freud refers to race, heredity and the 
primeval phylogenetic element. He 
speaks of 4 racial tradition,” and differ- 
entiates it from “social milieu.” But no 
race as such has a tradition except as 


determined by its “social milieu.” Heie 
again Fieud comes close to those existen- 
tialists who invoke “the call of om an- 
cestors ” The whole concept of race m 
the sense m which Fieud uses it includes 
the idea of highei and lower races. A. A. 
Bull, the leadei of the old-style Freudian 
school m the U. S., wrote m his Lectures 
on Psychoanalytic Psijchiatny m 1946- 
“If you go to a neighborhood like Har- 
lem, wheie the colored race piedomi- 
nates, you will be immediately impressed 
—even ‘infected’— by the vivid emotional 
emanation. The Negroes as a lace are 
syntonic [exti overt] : they aie very acces- 
sible, very ready to talk if you give them 
the slightest encouragement.” Thus an 
ovenndividuahstic orientation, disre- 
garding social realities, leads to com- 
pletely false assumptions and conclu- 
sions. 

We psychoanalysts who wish to guard 
the true heritage of Freud and develop 
it m a truly progiessive manner do not 
visualize the future scientific develop- 
ment of psychoanalysis in terms of a 
formalistic allegiance to the dogmatic 
doctrine as it stands. One must recon- 
struct Freud’s work on the basis of a 
realistic philosophy, of newer and bioad- 
er clinical observations, and on the full 
utilization of the experiences of man- 
kind during the last two decades. 
Neglect of the social element in psycho- 
analysis is based in large pait on the too- 
mechanical separation of biological and 
social. Such a psychological phenomenon 
as the Oedipus complex gams its leal 
foice fiom the veiy fact that it indicates 
both the social and the biological points 
of greatest tension. It is significant that 
the place wheie Freud’s Outline breaks 
off ani remains a fragment is a discus- 
sion of the super-ego, which is derived 
from the Oedipus complex and, as Fieud 
says, is “between the id and the external 
world ” 

. The patient who comes to the thera- 
pist has an underlying emotional attitude 
not veiy diffeient from that of the tribes- 
man who went to a medicine man. He 
wants the evil to be exorcised, lie wants 
help. The medicine man gave psycho- 
therapeutic help according to that stage 
of civilization Psychotherapy must 
change with the changing conditions. 
Too many patients who go to conserva- 
tive psychoanalysts now learn at gieat 
expense of time and money the details 
of how roads are built. But that is not 
what they need They need to be shown 
the right road The patient’s tiouble is 
that he is bound to the past. It is my firm 
belief that the therapist can help to break 
that spell only if he is bound to the 
future. 


Fredric Wertham, author of 
The Show of Violence, is presi- 
dent of the Association for the 
Advancement of Psychotherapy . 
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The history of maps: a thread running 
through the history of everything else 


of Henry VIII, cautioned a friend to scientific fact/’ Later maps evmce moie 
whom he sent a “Carde” (chart), spir- of fact and less of folklore, but social, 
lted out of Seville, that it was 'not to be economic and political circumstance 
by James R. Newman shewed or communicated” since it con- continue to pioduce their effect at the 

tamed “secretes,” especially those di awing board. 

. The Story of Maps, by Lloyd A “touching the short way to the spicene Brown’s stoiy begins with the Babylo- 

Biown. Little, Biown & Co. ($7.50). by our Seas.” The Dutch East India nians. The star data gatheied by shep- 

Company labeled its matchless map col- herds and priests furnished the ruch- 

T HE fear, the greed and the secrecy lection “Secret Atlas.” The Spaniards ments of astronomy, a science upon 
that often sway human thought and weighted their chaits with lead so that which cartography has always been de- 
action tire nowhere moie plainly they would sink when thrown overboard pendent, 
exhibited than in the history of cartogra- and thus not fall into the hands of those From the reign of Sargon of Akkad, 
phv. Maps have long been associated anxious to cut into the rich Spanish 2300 B.C., there are preserved clay tab- 
with military intelligence and national trade. Apparently the contemporary se- let land-tax maps, Babylonian ground 
security, because they might disclose to crets paranoia is a long-established, con- plans and surveying notes. Other extant 
an enemy or competitor how to get genital disease. maps precede by moie than a thousand 

where he wanted to go and what he I found these facts in Lloyd A. years the work of Anaximander and later 

would find when he got there. Ancient Browns Stortj of Maps , a handsomely Gieeks who set the science of cartogra- 
peoples guarded their maps, unreliable designed, superbly illustrated volume, phy on a sound theoretical basis. Anaxi- 
though they were, as closely as vestal containing a detailed account of the mandei “taught, if he did not discovei, 
virgins. The Emperor Augustus, having mapping of the woild, the men who did the obliquity of the ecliptic,” and intro- 
ordered a survey of his domain, had the it, their product, methods, tioubles, mis- duced into Gieece the gnomon (a verti- 
maps locked up in the “innermost vault takes and successes. It is an absorbing cal shaft for measuring the altitude of 
of the palace” and distributed only to suivey, the sun) and the sundial. Pythagoras pi o- 

generals and to the “schools of the The history of maps, as unfolded in vided the keystone of cartography with 

provinces for educational purposes.” Mr. Brown’s scholarly and readable stu- his conjecture— how he arrived at it no 
There is a story of a Caithaginian sea dy, is moie than a history of maps. It is one knows— that the earth is a sphere 
captain who, to prevent a pursuing a history— as reflected in the evolution of Aristarchus of Samos, a distinguished 
Roman squadi on from capturing his logs maps— of science, theology, exploration, mathematician, was the fiist, according 
and charts, “ran his ship on the rocks commerce and conquest. Each early map to Sir Thomas Heath, to put fonvard the 
and drowned his ciew ” “is a story in itself, often incorporating a heliocentric hypothesis, which crossed 

The theme persists through the years. little folklore and philosophy, some art Christian theology by relegating man to 
An Englishman, Robert Thorne, subject both good and bad, and a smattering of his proper place m the universe. It be- 



1 OTH-CENTURY MAP has the Mediterranean running 14TH-CENTURY MAP is roughly similar. Greece and 
from center to bottom. At left is Europe; at right is Rome are to the left of Mediterranean. Britain and Ire* 
Africa. Paradise and Eden (top) are in the Far East. land are near bottom. Map is surrounded by 12 winds. 
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came a source of unending dispute dur- 
ing the period when the Chuicli i ejected 
as heretical any inconvenient theoiy not 
derivable from Scrip tuies or the sacied 
writings of Aristotle. 

Hippaichus, the astronomei and 
mathematician, added richly to cartogra- 
phy by his theoretical and observational 
lesults. He set the precedent of 1 elating 
“climate to celestial phenomena,” di- 
vided the sphere into 360 parts, fixed the 
length of the solar and sidereal years, 
noted the steady retrogression of the 
equinox among the stars, proposed the 
use of a network of parallels and meridi- 
ans, assembled a magnificent star cata- 
logue— to mention only some of his 
labors. “One of the most astonishing men 
of antiquity . . . and the greatest of all 
m the sciences which are not puiely 
speculative . . as Delamb re said of 
him. 

Perhaps the crown of these achieve- 
ments by the Gieek philosophers was 
the measurement of the circumference 
of the eaith by Eiatosthenes of Cyrene, 
born 276 B.C. With no better instru- 
ments at hand than a gnomon and an 
astrolabe, and only a few lacts, such as 
that the linear distance from Alexandria 
to Syenc m Libya was known to be 500 
miles and that at the time of the summer 
solstice the sun was directly overhead at 
midday in Syene, he arrived at the re- 
markable estimate of 25,000 miles. (At 
the equator, according to HerscheFs 
famous measurement, the circumfeience 
is 24,899 English miles.) Apart from his 
versatility in science and philosophy, 
Eratosthenes was apparently also a man 
of social sense. The maps of his time, be- 
sides other crudities and misinformation 
(the geographer Pytheas, for example, 
disclosed that noith of Thule, an island 
itself north of Britain, “there was no 
longer a distinction between earth, sea 
and air . . . [but] a weird combination 
of the three, a kind of gelatinous suspen- 
sion similar to a jellyfish,” which made 
navigation difficult), usually divided 
mankind into two groups, Gieeks and 
Barbarians. Eratosthenes, as Strabo, the 
chronicler of the period, tells us, 
“thought it would be moie sensible to 
divide them according to behavior, be- 
cause not all Barbarians weie bad any 
more than all Greeks were noble.” 

The Geography of - Strabo was the 
“climax” to the first great period of map- 
making. It presented the earth as a globe, 
incorporated a body of dependable astro- 
nomical information, and .supplied a 
scattering of reliable data on climate, 
population, customs, crops and topogra- 
phy. What was of greater importance, 
Strabo had considered, not without use- 
ful results, some of the difficulties”^ pro- 
jection and was fully conversant with the 
concept of fixing location by means of 
parallels and converging meridians. The 
Geography also gave currency to a vast 
quantity of misinformation, including at 
least one item of consequence, .namely 


Poseidonius’ “improvement” on Eratos- 
thenes’ measurement of the earth’s cir- 
cumference. Poseidonius gave this as 
18,000 miles, a datum which Strabo 
copied and Claudius Ptolemy “perpetu- 
ated” m his maps. For 1,500 yeais this 
estimate hampeied geogiaphy, explora- 
tion and commerce and undoubtedly 
consigned numberless mariners to a 
damp grave. Columbus, however, was 
prompted by this enor to try to reach 
the Indies by sailing westward: the 
Western sea, thus underestimated, “did 
not look too broad or too forbidding” 
He turned for authority to the Almagest 
and Geographic of Ptolemy, whose 
writings, theories and maps, for more 
than a dozen centuries , weie the basis 
of what men knew about the world, then* 
guides to the exploration of land, sea and 
sky. 

Ptolemy was a geographer, mathema- 
tician, astionomer and cartographer. In 
all these fields he was less of an inno- 
vator than a systematize!*, but his con- 
tributions must not be underestimated. 
At any rate he turned mapping into a 
branch of learning deserving the name 
of science. He perfected trigonometry 
and greatly extended the applications of 
astronomy to cartography. Many of his 
map legends and signs remain in stand- 
ard use; “he originated the practice of 
orienting maps so that the noith is at the 
top and the east to the right”; the conical 
and modified sphencal projections were 
his inventions, and the orthographic and 
stereogiaphic systems were first devel- 
oped in his atlas. To be sure, he per- 
petrated his share of blunders, even 
apart from adopting Poseidonius’ erro- 
neous calculations. Yet some of his mis- 
takes, as Brown suggests, appear to have 
been the result of the same social aber- 
ration, secrecy, to which I alluded 
earlier. The fact that the distances given 
m Ptolemy’s tables for the Mediter- 
ranean countiies are “erroneous beyond 
reason”— the Romans having accurately 
established these itineraries— has long 
perplexed historians. Ptolemy, however, 
was a scientist and scholar, not a mili- 
tary man, and it is doubtful (says 
Brown) that he would have had access 
to information the Romans regarded as 
“essential to the national security.” 

The Middle Ages, on the whole, were 
no better for map-makers than for any 
others preferring the empirical advance- 
ment of knowledge to the interpretation 
of what the long dead had written while 
alive. Cosmas of Alexandria, surnamed 
Indicopleustes, a Christian, a traveling 
salesman, and, by avocation, a cosmog- 
omst, is a fair example of the medieval 
exegetes. Cosmas was a man of com- 
mon sense with no taste for radical ideas. 
His religious humility led him to refer to 
his “stammering and unready lips” and 
to trust to the wisdom of the Lord. This 
failed him though his lips did not. Be- 
sides his memoirs he issued a work en- 
titled Christian Topography, from 
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which, because it is not atypical of the 
age, I offer a few examples. Having 
compaied the world to the Fiist Taber- 
nacle-including the candlestick as 
equivalent to the “luminaries of heaven,” 
the table to the earth, and the “shew- 
biead” to the earths fruits— Cosmas went 
on to explain that the earth was flat and 
twice as long (from east to west) as it 
was broad. The earth was “suspended, 
as Job said, on nothing, but was founded 
on God’s stability.” The “vault of heaven 
was ‘glued’ to the eaith along its extremi- 
ties. . . . There was only one face of the 
earth . . . namely, that which we dwell 
on. How could we use the God-given 
power to tread on scorpions and serpents 
if we walked upside down?” 

There is something about modern na- 
tionalism, not to say xenophobia, uncan- 
nily foreshadowed by Indicopleustes 
“Pagans,” he said, “do not blush to affirm 
that theie are people who live on the 
under surface of the earth. . . . But 
should one wish to examine more elabo- 
lately the question of the Antipodes, he 
would easily And them to be old wives’ 
fables. For if two men on opposite sides 
placed the soles of their feet against 
each . , . how could both be found stand- 
ing upright? The one would assuredly be 
found in the natural upright position, 
and the other, contrary to nature, head 
downward. Such notions aie opposed to 
leason, and alien to our nature and con- 
dition.” 

From this darkness of Gog and Magog, 
the light of a rational body of knowledge 
nevertheless began to emerge. The fabu- 
lous journeys of the Messers Polo, the 
maritime ventures of Venice, Genoa and 
the Hanseatic League, the development 
of towns and the rise of a merchant mid- 
dle class, the Reformation, the scientific 
discoveries of Galileo, Brahe, Copei- 
meus, Kepler and Gilbert, the invention 
of pi mting, of the telescope and other 
astronomical and navigational instru- 
ments, all contributed to the advance of 
geography and map-making. Even the 
Church, bent on the “militant diffusion 
of Christianity,” needed better maps foi 
its missionaries and crusades if they weie 
to achieve their destination. “Naviga- 
tion,” wrote Thomas Blundeville, “is an 
Art which teacheth by true and unfalli- 
ble rules, how to governe and direct a 
Ship, Safely, rightly and in shortest time. 
I say heere safely so fane as it lyeth in 
man’s powei to perform©.” 

The maps of Gerard Mercator, 16th- 
century Flemish cartographer, engraver 
and instrument-maker, enormously facil- 
itated the practice of tins perilous art. 
His famous projection may be explained 
as follows. If a balloon covered with a 
network of parallels and meridians is 
placed inside a cylinder and inflated, the 
expansion will cause the curved merid- 
ians to straighten and, together with 
the parallels of latitude, gradually to 
flatten against the cylinder walls. If the 
network has been inked, when the cylin- 


der is uni oiled you will find impressed 
on its interim walls a Mercator projec- 
tion. This conformal piojection (in 
which angles are preserved) of a spheie 
onto a plane surface, fox all its distortion 
of shapes and distances at the extremi- 
ties, was the “answer to a maimer’s pray- 
er.” It was geometucally accurate, its 
distortions were proportional and af- 
fected regions little fxequented by ships 
engaged in trade, exploration or war. 
Theie is no such thing, writes Brown, as 
an all-pui pose map; but as an aid to 
navigation “the Mercator chart has never 
been approached.” 

The 16th, 17th and 18th centuries pro- 
duced a senes of incomparable atlases. 
They included Mercator’s own cele- 
brated work which made the word “at- 
las” a synonym for a map collection; the 
Spieghel der Z eevaerdt (The Mariner’s 
Mii*ror) compiled by Lucas Janssz Wag- 
enhaer, the Theatrum Orbis T erratum 
of Mercator’s friend Ortelius, and the 
Cosmo graphiae Introductis by the Swiss 
Waldseemiiller, who first used the name 
America in his maps. (But for his 
choice, I suppose, a noted present-day 
board of inquisition might be known as 
the Un-Vespuccian Activities Commit- 
tee. ) The political consequence of these 
volumes was profound. Wagenhaer’s 
charts, for example, which provided 
“concise sailing directions for a hotly 
contested area,” reached the market, as 
Brown points out, when European pow- 
ers and the Queen of England most 
needed them. 

Besides being useful, the atlases were 
magnificent specimens of art and book- 
making. They came m library and pock- 
et-size editions, engraved, “diapered” m 
gold, goigeously coloied with cochineal, 
copper gieen, vermilion blue bice, indi- 
go, ultramarine, tmctuie of mynh, ivory 
black, king’s yellow and white tartar. 
The colois weie applied to fine, strong 
papei with a camel’s-hair brush and then 
fixed with egg white. Other necessary 
equipment included gum-aiabic pencils, 
quicksilver, “Hartes borne,” the yolks of 
“newe laide egges” left standing till 
“clammy and rotten,” lampblack made 
by “a bumynge torche,” “Sal-arm oniak,” 
the “joyce of garlike” and horse dung. 
The embellishments were of endless va- 
riety: the East Wind “a youth with 
puffed and blown cheeks”; the North 
Wind an old man with “a horrid and 
terrible look”, mountains, towns, roads, 
riveis, mines, parishes, coastlines with 
special symbols of their own. Brown’s 
account of these details is among the 
most entertaining portions of his book. 

He describes capably the gradual 
evolution of astronomical and naviga- 
tional instruments necessary for the de- 
termination of latitude and longitude: 
the cross staff, telescope, compass, quad- 
rant, sextant and octant, the contribu- 
tions to cartography of Newton, Huy- 
gens and various scientific bodies; the 
design and construction of accurate 
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clocks. The persistent search for a relia- 
ble method of determining longitude at 
sea produced its share of fantastic as 
well as sensible suggestions. Sir Kenelm 
Digby, for example, invented a “powder 
of sympathy” which, by a method I shall 
not attempt to repeat, caused a dog on 
shipboaid to “yelp the hour on the dot.” 
This was not the final answer to the 
pioblem of the reliable timekeeper. John 
Harrison, the Yorkshire carpenter, did 
better with his famous No. 4 chronome- 
ter, which took 50 years to make but lost 
only one second pei month in trials at 
sea. In pressing his rightful claim to the 
huge reward of £- 20,000 offered by 
Paihament for a dependable chionome- 
ter, this “very ingenious and sober man,” 
as a contemporary called him, was the 
victim of a series of unsurpassed chican- 
eries perpetiated by scientists and politi- 
cians m combination. He got his money, 
but only after the King had inteivened 
on his behalf, Lord North had petitioned 
the House, and the ledoubtable Fox had 
threatened to name names. It took 15 
years to win the fight. 

A valuable, nchly enjoyable book. I 
am sorry to say that for all its thorough- 
ness it tells us almost nothing of the maps 
of primitive societies or of those of the 
Orient; it skimps the exploits of the 
Vikings and Phoenicians; contemporary 
caitogiaphy is somewhat hurriedly dis- 
posed of; and Mr. Brown is not at his 
best in explaining for popular compre- 
hension the many-sided pioblems of pro- 
jection. But to stress these defects would 
be, to fall back on a leviewer's cliche, 
simple mgiatitude. 

P hilosophy foe toe Future, edited 
by Roy Wood Sellars, V. J McGill 
and Marvin Farber. The Macmillan 
Company ($7.50), A better than aver- 
age symposium which traces the origins 
of philosophical materialism, examines 
its relationship to diverging systems of 
thought, and argues that modern, or 
critical, materialism provides the most 
satisfactory framework for unifying sci- 
ence and philosophy and for turning 
these activities to the consistent advan- 
tage of human society. While a number 
of the essays are written in the usual 
viscous vernacular, the contributing sci- 
entists and philosophers on the whole 
present their case impressively, and it is 
a volume peculiarly welcome in this pe- 
iiod marked by a counter-reformation of 
anti-intellectuahsm, irrationalism, fear 
and widespread appeals to orthodoxy 
and authoritarianism. 

T wo Memoirs, by John Maynard 
Keynes. Rupert Hart-Davis (Lon- 
don) . A delightful pair of essays by the 
late John Maynard Keynes who, because 
of his theory of deficit spending, has be- 
come a target of considerable political 
vilification. One essay describes Keynes' 
part in the 1919 negotiations to lift the 


blockade agam&t Germany; it is of the 
same character as his famous Economic 
Consequences of the Peace. The other 
essay, entitled “My Early Beliefs,” is a 
brilliant paper, written, as was the other, 
to be read to a small audience of close 
friends who shared with Keynes intimate 
memories of their social and philosophi- 
cal companionship at Cambridge. “Truth 
and wit,” as David Garnett observes in 
his brief mtioduction, “are felt by many 
to be rather shocking virtues which 
should appear m public only if they aie 
decently veiled.” These virtues, borne 
along on an effortless prose style, aie 
exhibited heie as m all the wntmgs of 
this many-sided man. The frontispiece 
photogiaph showing Bertrand Russell, 
Keynes and Lytton Strachey in conversa- 
tion is a gem. 

Y our Child's Mind and Body, by 
Flandeis Dunbar. Random House 
($295). An intelligent, unsentimental 
handbook on the care and lepaii of 
children, with pi unary emphasis on the 
psychosomatic aspects of their problems. 
Dr. Dunbar's most persuasive point is 
that if you have learned to be a good 
parent to yourself you will lj>e a good 
parent to your child. She demonstrates 
this effectively in a variety of situations 
and by many examples from, piesuma- 
bly, her own practice. Unfortunately she 
has an uncanny inability to reproduce 
child-parent dialogues so that both par- 
ents and children sound like angels of 
reasonableness, and the clinical mop- 
pets like brightei versions of John Stuart 
Mill. 

H igh Jungle, by William Beebe. 

Duel!, Sloan and Pearce ($4.50). 
Dr. Beebe, Director of the Department 
of Tropical Research of the New York 
Zoological Society, has led ( 47 expedi- 
tions for animal study to various parts of 
the woild, including the Himalayas and 
the bottom of the Atlantic His 22nd 
book, fluent, entertaining and informa- 
tive, is based on three visits to the Vene- 
zuelan Andes, spent mostly at his 
Rancho Grande Laboiatory, an im- 
mense, half-finished concrete structure 
intended as a palace for a Venezuelan 
dictator, Juan Vicente Gomez. When 
Gomez died one December day m 1935, 
the palace workmen promptly dropped 
their nails, bricks and tools and aban- 
doned the job. By courtesy of the Vene- 
zuelan government and a kind oil com- 
pany, Dr. Beebe's party was given 18 
rooms in this structure, situated in the 
heart of the coastal mountains, for re- 
search, living quarters and as home base 
for field trips. Apart from a somewhat 
tiresome tendency to attribute human 
qualities to all organic forms from avo- 
cados to wrens, and to splash a subject 
already rich m color with more color. 
Dr. Beebe tells his stories well. His chap- 
ter on ants is fascinating, as are several 
of the photographs. 
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f T BEGAN in 1960— on the eve of 
world atomic war— with the 
announcement from Palomar of 
the discovery of a new planet des- 
tined to collide with Earth. As the 
menace approached, it swelled 
from a pin-point in the giant tele- 
scope to a glowering symbol of 
destruction, dominating the skies 
night and day . . . 

The surprising events of this 
fast-paced Science Fiction novel 
are related through the eyes of 
David Hughes, assistant to the 
wise, venerable astronomer, Dr. 
Charles Dawson. In rhe face of 
certain doom, the world at last 
solves its age-old problems of war, 
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But that’s not all— as David and 
his lover, Carol Kenny, go out to 
meet the common fate of a re- 
formed humanity— something un- 
expected happens! Not a miracle, 
not the intervention of a super- 
natural power, but a wonderful, 
believable turn of events to cap 
the climax of a story that's strictly 
edge-of-your chair reading from 
cover to cover. 
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Conducted by Albert G. Ingalls 

W HEN the astionomers at Palo- 
mar Mountain Observatory an- 
nounced that the already good 
mirror of the 200 -inch telescope was 
to be perfected by polishing a few mil- 
lionths of an inch off its outei IS inches, 
many -readers wondered how telescope 
makers can accuiately measure the re- 
moval of such small amounts. 

Such measuiements are too delicate 
to be made with mechanical devices. 
Instead, a special kind of weightless and 
inflexible indicating pointei is used— rays 
of light. The drawing at the bottom ol 
this page shows in principle how such le- 



fined curves are measuied. The follow- 
mg explanation is addressed not to tele- 
scope makers, who aheady understand 
its substance, but to general readers. For 
simplification some coiners can be cut 
without harm. 

Of the thiee arrangements shown side 
by side in the drawing, only the central 
one need be noted at first. The three 
disks in the background may be ignored 
for the present. 

In the drawing, rays of light are di- 
rected at the minor fiom m hont of it, 
for simplicity these rays aie not shown. 
If the mirror is spheiical, i.e , if a large 
spheie would fit against it, these rays 
wall all be reflected to cross one an- 
other at some single point in space 
The method used to determme this is to 
locate representative 1 effected rays by 
means of a movable feeler. For this a 
razor blade on a little pedestal serves 
about as well as w r ould more complicated 
appaiatus. This “knife-edge” is slowly 
moved by band fiom left to right, cut- 
ting off ray after lay, each of which is 
thus identified with the pai t of the mm or 
from which it is reflected At a distance 



of a few feet these pointers of light 
greatly multiply the mirror's irregulau- 
ties. Thus a millionth-of- an-inch change 
of angle on the mirror deflects the light- 
lay pointer an easily detectable hun- 
ch edth of an inch at knife-edge distance 

One deviation from the sphei e that is 
actually desnable is the paraboloid. The 
mirror maker knows that he has deep- 
ened his sphere the few millionths of an 
inch needed to make it a paraboloid 
when the rays reflected fiom the mnei 
part of the mirroi ( left-hand mirror ) 
cross one anothei nearer the mmoi than 
those reflected from the outer pait 
(right-hand minor) by a distance r 2 /R, 
where r is the half-diameter of the min 01 
and R is the radius of its cuivature. The 
actual distance involved is seldom more 
than a fraction of an inch. The scale of 
things near the knife-edge is exaggeiated 
in the drawing. 

An auxiliary method used by mirroi 
makeis for keeping track of the curve 
between spells of work is to set the mii- 
101* up on edge, as shown in the lepie- 
sentations in the background, place the 
eve close behind the kmfe-eclwe, and 

- o 



The Foucault knife-edge test „ Shadows on the mirrors are emphasized for clarity 
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move the knife-edge paitly across the re- 
flected rays. A paraboloidal miiror will 
then show ovei its surface a pattern of 
lights and shadows like the one in the 
central repiesentation. The origin of this 
peculiar pattern— new moon on the left, 
oval on the right, with subtle intergra- 
dations— will be seen if the six typical 
lays shown are traced from the minor to 
the knife-edge. Some rays are cut off 
by the knife-edge, and the conespond- 
mg areas on the mirror look dark. Other 
lays, swung farther right by a slightly 
different angle on another part of the 
mirror, pass the knife-edge and enter the 
eye, making the corresponding part of 
the miiror appear bright. The patterns of 
shadows that are found on telescope mir- 
rors as polishing progresses, some of 
them indicating excellent shape, otheis 
indicating evil shapes too numerous to 
mention, soon become as familiar to the 
workei as his own features 

This exquisite and most revealing 
method is the “Foucault test” invented 
by the French physicist and telescope 
maker Leon Foucault, who described it 
m 1859. It has been said that the Fou- 
cault test changed mirror making from 
an ait to a science. This is true, but the 
remainder of the piesent aiticle will 
show that mirror makeis before Foucault 
weie not so much in the dark as such a 
statement might imply. 

I N 1773, 86 years before Foucault le- 
vealed bis knife-edge test, William 
Herschel began making mirrors of spec- 
ulum metal and of glass, ending about 
1789 with a 40-inch mirror. Constance 
A. Lubbock, in The Herschel Chronicle , 
tells how Heischel tested his mirrors. 
Placing them temporarily in a telescope, 
he successively isolated three zones with 
masks and located the locus of each. Pie 
then figured the mirror till all three zones 
had an equal focal length. In 1924 the 
British amateur telescope maker W. H. 
Steavenson tested a dozen of these old 
mirrors that had been preserved by Her- 
scheFs descendants in the family home at 
Slough, 20 miles west ol London. Stea- 
venson’s tests, made by the Foucault 
method, which was of course wholly un- 
known to Herschel, show that while 
Heischel sometimes grossly overcor- 
rected his mirrors, he often obtained 
proper correction. Steavenson’s findings 
on 12 of Her sellers mirrors revealed the 
following conditions. 

Speculum mirror, 9-inch /7 Gi ego- 
nan. Figure very even, one high zone. 

Speculum mirror, 7-inch f 11 Grego- 
rian. Figure very even, except for a nar- 
row shallow zone. 

Speculum mirror, 6-inch /5.6. Figure 
only very slightly uneven, but 414 per 
cent correction. 

Glass mirror, 6/2-inch fl3. Good pol- 
ish. Even figure so closely spherical that 
no zonal test was made. 

Glass mirror, 8/2-inch /14. Figure very 


even, except for three nanow zones. Too 
nearly spherical foi zonal test. 

Glass miiror, GiS-mch /13.5. Even fig- 
uie, except for two nanow zones, but 
1,015 per cent conection. 

Speculum mirror, 5-inch f3.6. Figure 
even; no zones. Parabolic shadow, but 
too shoit a focus for testing apparatus 

Speculum mirror, 9-mch /8. Very 
even, legulai figuie. Too neaily spherical 
for zonal test. 

Speculum miiror, 8.85-mch /14. Very 
smooth, nearly spherical and regular, ex- 
cept for a deep, bioad zone spanning 40 
per cent of the minor’s radius. 

Glass minor, 9-mch f 13, Vrmch thick. 
Too violently distorted when stood on 
edge to permit testing. 

Speculum min 01, 8.8-mch /13. Very 
even, except for thiee zones. No zonal 
test made because of nearness to spheric- 
ity. 

Speculum mirroi, 6,1-inch /13.9. A 
beautifully smooth curve from center to 
edge without sign of zones or other lr- 
legularities. Conection 62 per cent. 

In his book The Telescope , Louis 
Bell mentions HerscheFs so-called “7- 
foot” (Heischel designated telescopes 
by their focal length), a Newtonian re- 
flectoi with which he discoveied Uranus. 
The drawing on page 62 depicts a 
Heischel 7-foot now at Oxford Univer- 
sity. Steavenson tested and used another 
Herschel 7-foot which he found among 
the mirroi s, 30 elliptical Newtonian flats, 

9 Gregorian secondaries, 48 eyepieces, 

10 micrometers and 33 miscellaneous 
pieces of apparatus pieserved at Slough. 
(Later he described them all in the 
Transactions of the Optical Society, 
Volume 26, pages 210-236.) The last 
miiror m the list above, the one with 62 
per cent correction and “a beautifully 
smooth curve,” was the one m the 7-foot 
tested by Steavenson. “This,” Steaven- 
son writes, “is the only complete instru- 
ment m the collection. It stands in the 
entrance hall of Observatoiy House, and 
is m good condition and fair working 
older. Both tube and mounting are of 
mahogany, the former being of octagonal 
section, like all HerscheFs smaller tele- 
scopes. Both mirror and flat were much 
tarnished, the cover of the former being 
far from airtight, and the latter being 
without a cover of any kind. A good deal 
of the tarnish on both was removed by 
means of lemon juice, and a useful 
proportion of the ongmal reflectivity 
was thus restored. 

“The large speculum, of diameter 
6.2 inches and focal length 7 feet 2)4 
inches, was removed from the tube and 
subjected to a Foucault test. The latter 
showed the figure to be beautifully regu- 
lar, without a trace of rings. A measure- 
ment of the zones suggested the pres- 
ence of a veiy slight degree of under- 
correction, the test being made under 
conditions of constant temperature. The 
mirror was then replaced in the tube and 
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Sir William, HcrscheVs famous “ 7-fooi reflecting telescope 


the whole telescope taken out of doors 
foi actual testing on celestial objects. 
Foi this one of IleischeFs own eyepieces 
was used, a single biconvex lens giving 
a power of 361. No obseiva Lions were 
made until the telescope had stood in the 
open air for several hours, but even with 
this piecautxon the effect on the mil r or 
of a steadily falling temperatuic was 
very marked, for wheieas the figuie had 
appeared slightly but definitely under- 
corrected at a constant temperatuic, it 
was now found to have passed through 
die paraboloid to a state of slight over- 
coirection. However, definite rings weic 
visible in the expanded images of stais 
on both sides of the focus, while at the 
lattei itself theie was nothing to indicate 
any departure from perfect conechon. 

“Apart from the inevitable color and 
loss of definition in the peripheral por- 
tions of the field (due to the form of 
the eyepiece), the peifoimance of the 
telescope was most admirable. Of course 
die fight grasp was deficient, owing to 
tarnish, but it did not seem inferior to 
that of a 3-mch refractor, the companion 
of the Pole Star being easily seen. The 
detail on the Moon was as fine as that 
shown by any modem reflector or le- 
ft actor of similar apertiue. The shape of 
the second peak m Tycho was well made 
out and the third peak, to the west of it, 
could }ust be seen. The central craterlet 
in Plato was clearly seen as such, and 
one or two of the minute craterlets on 
the west half of the floor of Clavius were 
definitely visible. This is about as much, 
as regards detail, as a modem 6-inch 
i refractor will do. Venus and Jupiter were 


exquisitely defined. Areturus showed a 
neat disk with diffraction rings, which 
is more than is brought out by many 
modern i effectors. 

“it has often been suggested that IIci- 
schcl’s instruments, though maikmg a 
gieat advance on previous effoits, would 
not be accounted good according to pres- 
ent-day standaids. Anyone holding such 
air opinion would, I think, feel inclined 
to revise it alter a glance ihiough this 
beautiful 7-foot telescope.” 

N OW we drop back a third of a cen- 
tury. In his Compleat System of Op- 
ticks, published at Cambridge, England, 
in 1738 (the ycai Hcrschcl was born), 
Robert Smith gave instructions for spec- 
ulum making that were destined to be 
the beginner \s guide for Hcrschel the 
amateui 35 years later. To find the cen- 
ter of curvature of a speculum Smith’s 
method was to set it on edge opposite a 
candle. Selecting a tiny pinhole near the 
edge of the tin, he shifted candle and tin 
until he could simultaneously focus m 
the eyepiece the edge of the tin and the 
image of the pinhole reflected from the 
speculum. How he then tested the specu- 
lum is described in his book thus: 

“You will now also judge of the per- 
fection of the spherical figure of your 
metal by the distinctness with which you 
see the representations of the holes, with 
their raggedness, dusts and small hairs 
sticking in them; and you will be able 
to. judge of this more exactly and like- 
wise to discover the particular defects 
of your speculum, by placing the eye- 
glass so as to see one of the smallest 
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holes in or near its axis; and, *by 
turns shoving the eye-glass a v. ;ttle 
forward towards the speculum aSjTfWll- 
mg it away from it by turns, letting the 
candle and plate stand still m the mean 
time. By this means you will obseive in 
what manner the light from the metal 
comes to a point, to lorm the images, and 
opens again aftei it has past it. If the 
area of the light, ]ust as it comes to or 
parts from the point, appears not round 
but oval, squarish, 01 triangular &c. it is 
a sign that the sections of the specular 
surface, through seveial diameters of it, 
have not the same cuivature. If the light, 
just before it comes to a point, have a 
brighter circle round the circumference, 
and a greater darkness near the centei, 
than after it has crossed and is paitmg 
again; the surface is moi e curve towards 
the circumference and flattei about the 
center, like that of a piolate spheroid 
lound the extremities of its axis, and the 
ill effects of this figure will be more 
sensible when it comes to be used in the 
telescope. But if the light appears more 
hazy and undefined near the edges, and 
brighter m the middle befoie its meeting 
than afterwaids, the metal is then more 
cmve at its center and less towards the 
circumference; and if it be in a proper 
degiee, may probably come near the tiue 
pai abolick figure* But the skill to judge 
well of this must be acquired by observa- 
tion. 

"In performing the foicgoing exam- 
ination, the image must be 1 effected 
back as near the hole it sell as the eye’s 
approach to the candle will admit of, 
that the obliquity of the reflection may 
not occasion any sensible errors: m order 
to which the eye should be skreened 
from the candle, and the glaring light 
which may disturb the obseivation may 
be still more effectually shut off, by plac- 
ing a plate, with a small hole in it, m the 
focus of the eye-glass which is next the 
eye. A is the speculum, B the candle and 
plate with the small holes, C the cell 
with the eye-glass and plate behind it. 

‘Instead of the flame of the candle and 
plate with small holes, I sometimes made 
use of a piece of glass thick stuck with 
globules of quicksilver, strained through 
a leather and let to fall on it in a dew; 
placing this glass near a window and the 
speculum at a distance on the side of the 
room, being it self and every thing about 
it as much in the daik as can be. The 
light of the window reflected from the 
globules of mercury, appearing as so 
many stars, serves instead of the small 
holes, with this advantage, that the re- 
flection from the metal may be very near 
at right angles.” 

A NOTHER example of pre-Foucault 
- methods of testing telescope mhrors 
is from the Philosophical Transactions of 
the Royal Society of London , Volume 
130, Part 2 (1840), in which Lord Ox- 
manton, the third Earl of Rosse, born 


William Parsons, describes his method of 
testing as used on a 36-inch speculum. 
The dial plate of a watch is suspended 
from a high tower, face downward. At 
the bottom of the same tower is the 
speculum, face up on its machine. Lord 
Rosse used masks "as Mudge did.” 

How Mudge used masks was de- 
scribed m the same periodical, Volume 
67, page 335, in a paper that Mudge 
delivered in March, 1777. He placed a 
sepaiating mask having one eighth the 
diameter of the mirror opposite a zone 
midway between the center and the 
edge, and tested first the inner zone and 
then the outer one both for definition 
and for coincidence of focus. If the two 
images were equally shaip and of equal 
focus "the speculum,” he said, "is per- 
fect and of tiue paiabolic cuive.” 

Foucault described his test m 1859. 
Two years later William Herschel’s son 
Sir John, in his Encyclopaedia Britannica 
article on the telescope, repnnted as a 
book, The Telescope , in 1861, briefly 
outlines Foucault’s "peculiar method.” 
But he piefeis the diffi action-ring test 
( Amateur Telescope Making , page 428) , 
supplemented by his fathei’s test of 
matching three zones for focus on the 
stars, and the watch-dial test of Lord 
Rosse. Thus the older mirror makeis did 
not rush at once to use Foucault’s test. 
In 1887 With, the English professional, 
wiote the following about a mirror. 
"Among my choicest of the choicest, I 
find one recorded thus: ‘8% focus 5 feet 
3 inches. Absolute Peifection, Not for 
Sale.’ ” F. J. Hargreaves, Britain’s foie- 
most optician, who was once an amateur, 
states in the Journal of the British Astro- 
nomical Association that With had no 
knowledge of Foucault’s knife-edge test. 
Thu gi eaves found in 1941 that this mir- 
ror "gave images as nearly perfect as any 
I have ever seen, even with a magnifica- 
tion of 500 diameters.” He tested it by 
the Foucault method and found that it 
"showed no imperfection, apait from a 
nairow turned-down edge.” 

Hai greaves’ article was shown in 1941 
to Russell Poiter, who jotted on the 
page, "Anderson judges the 200-inch 
mirror by inspecting image of pinhole 
as much as by knife-edge test.” 

Nothing said above may be taken as 
m any sense derogatory to the knife-edge 
test, best of all tests. The evidence 
assembled may, however, show that 
workers before Foucault’s time were not 
so much in the dark as we sometimes 
assume. 

In Amateur Telescope Making— Ad- 
vanced, page 48, Everest states that he 
once made a minor only by "feel” in the 
grinding and by the appearance of the 
polish as it came up. Yet the mirror came 
out 50 per cent corrected. A winter’s 
contest within a group of amateurs might 
well be to see who can make the best 
mirror exclusively by the methods avail- 
able before Foucault. 
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A monthly magazine written especially for the 
reader outside the field being discussed. 
PHYSICS TODAY can keep you abreast of 
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views are presented in nan-mathematical lan- 
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journals in physics, began tins post-war venture 
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Headers interested in fin the) reading 
on the subjects covered by articles in 
this issue may find the lists beloio help- 
ful. The lists aie not intended as bibliog- 
raphies of source material for the at tides 
The references selected will piovide sup- 
plementary information 

VISIT TO DUBLIN 

What Is Life? Erwin Schiodmgei 
The Macmillan Company, 1945. 

Cosmic Rays L. Janossy. Oxfoid Uni- 
versity Pi ess, 1948 

FOOD FROM THE SEA 

The Seas F. S. Russell and C. M 
Yonge. Frederick Warne and Company, 
1928. 

Recent Advances in the Chemistry 
and Biology of Sea Water. H. W. 
Haivey. Cambridge Umveisity Pi ess, 
1945. 

The Oceans H U. Sverdrup, M. W 
Johnson and R. H Fleming. Pienticc- 
ITall, Inc., 1942 

LEAF SHAPE 

Youth, Old Age, and Leaf Shape in 
Plants. Studies in the Morphogenesis 
of Leaves E Ashby m New Phytolo- 
g ist, Vol. 47, pages 153-195; 1948. 

TUBERCULOSIS 

The Tubercle Bacillus and Tuber- 
culosis Rene J. Dubos m American Sci- 
entist , July, 1949. 

The Effect of Wetting Agents on 
the Growth and Susceptibility of 
Tubercle Bacilli. R. J. Dubos in Jour- 
nal of Bacteriology, Vol. 88, page 81, 
1948. 

The Decline of Tuberculosis Mor- 
tality with Special Reference to its 
Generalized Form. Esmond R. Long 
m Bulletin of the Institute of the History 
of Medicine, Vol. 8, page 819, 1940. 

DOUBLE STARS 

The Binary Stars R. G. Aitken. Me- 
Giaw-Hill Book Company, 1935. 

Birth and Death of the Sun G. 
Gamow. Viking Press, 1940. 

Some Problems of the Evolution 
of Stars. Otto Struve in Proceedings of 
the National Academy of Sciences , Vol. 
35, No. 4; April 15, 1949. 

PHENOCOPIES 

The Material Basis of Evolution. 
R. Goldschmidt. Yale Univeisity Press, 
1940. 


FREUD NOW 

An Outline of Psychoanalysis. Sig- 
mund Freud. W. W. Norton^ 1949. 

Bey^ond the Pleasure Principle. 
Sigmund Freud. International Psycho- 
analytic Press, 1922. 

The Ego and the Id. Sigmund Freud. 
Hogarth Press, Ltd., 1927. 
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Davison products, processes and research 
are planned to serve agriculture and industry 

so that the final effects will mutually benefit 
and profit consumers, workers and owners. 

There are few Davison products as such sold over the 

retail counter, yet Davison co-operation — available | 
to agriculture and industry— has expanded until now 

it enters into practically every improvement I 
in daily living — better and more economical food, shelter, 
clothing and transportation and many others. 
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Scientists at RCA Laboratories solve exacting problems 
within the ‘'no thingness” of vacuum tubes. 
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Now television is flashing visual enter- 
tainment, news, and educational mate- 
rial to millions of people. The “inside 
story” of its rapid growth is the histoiy 
of some remarkable tubes. Inside these 
tubes, electrons are put to work— to per- 
foim, for your benefit, the miracle of 
long-distance vision. 

The screen of your direct- view television 
leceiver is actually the face of a tube— the 
kinescope developed by Dr. V. K. Zwory- 
kin and his colleagues of RCA Laboratories 
—on which electrons in motion “paint” pic- 


tures. A tube, too, is the “eye” of RCA’s 
supersensitive Image Orthicon television 
camera, which can “see” clearly by the 
light of a match. 

And since you asked for big-picture tele- 
vision, they developed projection receivers 
— also a way to “weld” glass and metal, thus 
speeding the production of 16-inch direct- 
viewing tubes ... at lower cost. 

To these basic “firsts,” RCA scientists 
have added advance after advance, 
which are daily bunging television into 
the lives of more and more people. 


How you profit 

Advanced research in television tubes is 
just one way in which RCA Laboi atones 
work in your interest. Their leadership 
in science and engineeiing adds value 
beyond price to any product or seivice 
of RCA and RCA Victor. 

Examples of the newest advances in radio , 
television, and electronics— in action — may 
he seen at RCA Exhibition Hall , 36 West 
49th Street , Neio York Admission is free. 
Radio Corpoiation of America , Radio City, 
New York 20 . 
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Sirs. 

As an old Woods Holei, permit me to 
say how much I enjoyed your article on 
Woods Hole, But what this note is really 
about is the name of the place. When 
I was a student m the Marine Biological 
Laboratory, for some reason now for- 
gotten I "became curious about that 
name. I think someone told me that it 
really should be Woods Holl, which is 
evidently the stoiy you picked up. In 
any case, I discovered that many years 
ago there was a burning and emotional 
controversy about the name. The polemi- 
cal literature of tins little tempest ap- 
peared in New Bedford and other papers 
if my memory is correct. Certainly theie 
were three candidates for the name, the 
two above and Woods Hall. 

After spending the better part of two 
days piobing into this subject I decided 
to "leave further scholarly endeavor to 
others. It seemed to me laigely a papei 
argument m which neither side had any 

O 

real evidence. 

But it has occurred to me and others 
afterwards that all the weight of proba- 
bility favors Woods Hole as the name 
given to the place where a boat could 
get between the mainland of the Cape 
and the hist of the Elizabeth Islands. All 
tlie other channels between the Eliza- 
beth Islands are called Holes, e g., Rob- 
inson’s Hole, which is the only one I 
can recall by name. No special theory 
is needed to explain Woods Hole as a 
corruption of Woods Holl. 

GAIRDNER MOMENT 

Department of Biology 
Gouehei College 
Baltimore, Md. 


Sirs: 

In his article on Galileo ( Scientific 
American , August) I. Bernard Cohen 
mentions Galileo’s discovery “that the 
planet Venus has phases like those of the 
moon.” It might be of some interest that 
Galileo published his discovery in a let- 
ter of December 11 , 1610 , addressed to 
the famous astronomer Kepler, by using 
an anagram. 

What Galileo wrote to Kepler was the 
following sentence, which does not make 


LETTERS 


any sense at all. “ Haec unmatura a me 
jam f ntstra legtintur o.y ” Translated 
from Latin. “I try in vain to read those 
immature things o.y.” But by changing 
the order of the letters of this sentence 
one gets the following hexametei. “C?/n- 
thiae figuias aemulatur mater amonnn 
Translated from Latin. "The Mother of 
Love (Venus) imitates the phases of 
Cynthia (mythological name for the 
moon).” 

It seems to have been a custom among 
scholars m Galileo’s time to communi- 
cate scientific discoveries m the form of 
anagrams— possibly to make suie of the 
priority of a discovery without commit- 
ting themselves. 

WALTER J. BRUNS 


Syiacuse, N. Y, 


Sirs 

James R. Newmans lecent ieview of 
Sir Charles Sherrington’s book on Goethe 
as a scientist should not pass without 
comment. Readers who are unfamiliar 
with the facts— and I presume most read- 
ers are— must think that a powerful lobby 
is at work to sell Goethe to the American 
people as a scientist in the modem sense. 
Responsible interpreters do not make 
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such claims. It has been settled foi a long 
tune that Goethe was entirely mistaken 
m his criticism of Newton, that he un- 
derstood neither the experimental meth- 
od noi the use of mathematics in physical 
theory, and that his biological theories 
were mteiesting ideas which did not 
stand the test of experience. Goethe’s 
modem standard-beaieis for the most 
pait refer to his work m these fields not 
m order to claim that his ideas have be- 
come part of the established body of 
science but lather as a manifestation of 
the vastness of his interests and the unity 
of his vision of the various aspects of na- 
tuie and life. 

Why this emphasis on what he has not 
achieved? We do not think it necessary 
to debunk Dante because he believed 
that there was a cone inside the earth 
which was Hell, or that Purgatory was a 
lull rising out of the water light opposite 
Jerusalem. Mr. Newman points out that 
Lavoisier, Lagrange and Laplace were 
scientifically ahead of Goethe; the same 
could be said of Roger Bacon in relation 
to Dante. Yet several pages are given to 
Dante m George Sarton’s Introduction 
to the Histoiy of Science, We do not hold 
it against Shakespeare that his knowl- 
edge of geography was grossly defective. 
Newton was one of the greatest scientists 
of all time, but he became a mystic in 
his old age. 

Goethe, a century ago almost as fa- 
mous in this country as he was m Em ope 
(Emeison included him in his Represen- 
tative Men ) , is almost unknown to Amer- 
icans today. Why this is so is no mysteiy. 
Goethe was primarily a poet. Poetry can- 
not be transplanted from the climate of 
one language to that of another, and the 
number of Ameiicans today who have 
sufficient command of Geiman— or of any 
foreign language— to appieciate lyiic 
poetiy is very small. Thus there aie no 
moie people in a position to appreciate 
Goethe than can appreciate Homer or 
Sophocles, Dante or Petrarch, Calderon 
oi Lope de Vega, Pushkin or Leimontov, 
Baudelaire or Mallaime. 

ROBERT WAELDER, PH.D. 
Philadelphia, Pa. 

Sirs: 

Our Golden Age of physics and mathe- 
matics and its astonishing advances has 
exerted a deep influence on the way we 
look at the history of science, which it- 
self is continuously changing. This leads 
to temporary distortions m perspective, 
as your September issue shows, when 
the reviewer of Sherrington’s book on 
Goethe exposes m five columns that 





'‘Goethe was a magniloquent and be- 
fuddled boxe. . . . The story is easily 
documented.” 

Goethe’s eminent contemporaries, as 
the physicist Lichtenbei g, the young 
Scliopenhauei , and latei the founder oi 
modern pathology, Rudoll Vn chow, and 
the gieat physicist Helmholtz in his es- 
say on Goethe’s “Anticipation of Future 
Ideas of Natural Science,” were by no 
means victims of heio worship and un- 
aware of Goethe’s shortcomings in ana- 
lytical and mathematical optics, but they 
recognized the value of Goethe’s obser- 
vations for the psychology of sensoiy 
perception— without dogmatically stat- 
ing, as youi water does, that “scientific 
progress rests on measiuement and num- 
bei.” We cannot help being reminded of 
Wagnei in Faust* 

Excuse me^ But it is a great delight 

To enter in l he spirit of the ages and 
to see 

How once a sage before us thought 
and how toe 

Have brought things on at last to 
such a splendid height. 

In his time Goethe’s biological coniii- 
butions were not so minoi as they may 
seem to us today. His discovery of the 
intermaxillaiy bone ended once foi all 
the last supposed difference between the 
skulls of animals and men, depriving man 
oi his imagined pioleired anatomical po- 
sition in natuie. The ideas of heredity 
aie clearly outlined in his famous teasing 
verse on his family tree— to be sure not 
m the jaigon ol modern biology, but m 
the language of the 19th century . Even 
in 1830, in his 80th year, Goethe wiote 
an excited report on the fundamental 
discussions m the French Academy be- 
tween the exact Cuviei and the specula- 
tive Saint Hilane. Fieud— who certainly 
knew that Goethe refused ever to visit 
an asylum— ascnbed the decisive turn in 
his own career to the young Goethe’s 
enthusiastic essay “On Natuie.” 

Lichtenbei g, Schopenhauer, Virchow, 
Helmholtz, Freud (to cite only a lew) — 
all giant pioneers m creating new sci- 
ences of then own— spent a great deal of 
time on Goethe’s life endeavois It seems 
they did not considei his way of viewing 
nature as a whole the antiquated, out- 
moded and useless talk of “a gabby old 
man.” The blind spots, the antipathies 
and the weaknesses in the life of a genius 
are often just as instructive and signifi- 
cant to the undei standing of the man 
and his woik as his positive contribu- 
tions. We cannot ignoie Sir Isaac New- 
ton’s religious speculations, Dostoievskf s 
chauvinism, or Freud’s dislike of Ameri- 
ca. Your reviewer, however, is satisfied 
to characterize Goethe’s most compli- 
cated personality sweepmgly as “con- 
servative with a rigidity of outlook.” 
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N OVEMBER 1S99. “We understand 
that the signal corps ot the army 
is about to cany out a series ot 
experiments in Washington in connec- 
tion with the new automobiles which 
were recently built for the War Depart- 
ment The expenments aie to be made 
in the country around Fort Myer. An 
automobile wagon equipped with a set 
of Marconi sending and receiving appa- 
ratus will be dispatched several miles 
from the fort, and when it reaches its 
destination it will send a balloon into the 
air which will cany a vertical wire to 
the proper height corresponding with the 
distance over which the messages are to 
he sent. Another set of apparatus with 
a vertical wire will he installed on an 
automobile stationed at the fort.” 

“We legret to see that aerial naviga- 
tion has recently claimed another victim, 
whose death was due to causes preciselv 
similar to those winch brought to an un- 
timely end the experiments of the late 
Herr Lilienthal. Lieutenant Pilcher of 
the Royal Navy, the latest victim, had 
been for manv years an earnest student 
of the subject of aerial navigation. His 
line of investigation was similar to that 
oi Lilienthal and was directed to the 
development ot the soaring machine. It 
must be confessed that the late tragedy 
seems to prove that the era of sate arti- 
ficial flight is yet a long way off.” 

“Prof. Beigmann, the gieat surgeon of 
the Berlin Univeisity. states that the 
healing power of the Roentgen rays are 
imaginary. The determination of the 
presence and position of foreign bodies 
has been extremely successful with tire 
Roentgen rays, as is well known. Their 
use in connection with broken bones has 
also been very satisfactory. The hope of 
discovering, by the aid of the Roentgen 
rays, the position of bladder and gall 
stones has not been fulfilled.” 

Jp 

A remarkable collection of films for 
moving picture machinery are now be- 
ing developed at the laboratory of Mr. 
Edison in West Orange. The’ pictures 
are of the Klondike and are intended 
for the exhibit Mr. Edison is to make at 
die Paris Exposition.” 

“Prof. Ernest Haeckel, the great Ger- 
man Darwin exponent, was recently 


thi own from his horse in Rome and se- 
riously injured. He is now 65 years of 
age.” 

“At the recent meeting ot the British 
Association, Prof. J. J. Thomson, F. R S , 
gave an interesting account of recent re- 
searches on the existence of masses 
smaller than atoms. These expei invents 
indicated that the charge canied by an 
atom in cathode discharges and similar 
phenomena is apparently 1,000 times 
gi eater than in ordinary electrolysis. 
Consequently either the atoms become 
disassociated and only a portion of their 
mass carries the negative charges of 
cathode rays, or else the atom can re- 
ceive a greater charge than is assigned 
to it m explaining electiolytic phenome- 
na. To discriminate between these two 
assumptions a method was employed to 
determine separately the chaige earned 
by a known number of atoms m a case 
for which the charge per unit mass had 
the greatei value. Fiom this it would ap- 
pear that electrification seems to consist 
m the removal from an atom of a small 
corpuscle, the latter consisting of a very 
small portion of the mass with a negative 
charge, while tire remainder of the atom 
possesses a positive charge ” 

» 

“The autumn meeting of the National 
Academy of Sciences w r as held at Co- 
lumbia University, New York, beginning 
Novembei 14. Prof. Edward C. Picker- 
ing sent a lepoit giving a detailed ac- 
count of discoveries by photography at 
Harvard and at the Ar equip a Observa- 
tory in South America. Several new dou- 
ble stars have been discovered of two 
classes, those in which both components 
are luminous and those m which one is 
daik, the latter class being variable, be- 
cause of the occasional interposition of 
the daik component. Several of the dou- 
ble stars have periods of rotation less 
than two days, one being even less than 
tliiitv hours.” 


N OVEMBER 1849 “Queen Victo- 
ria and the royal family, on her 
return from her late visit in the 
highlands of Scotland, for the first time 
made her return journey the whole way 
by railroad.” 

‘‘This is the age of great discoveries 
in all directions. The railroad has become 
the magician's rod, the electric telegraph 
a wire of wonders, and ether and chloro- 


form mysterious alchemies. A tooth can 
be extracted, a leg cut off, or an incision 
made into the most sensitive paits, and 
the patient at the close ask if the opera- 
tion has begun. Speeches utteied at ten 
o'clock at night are printed while we aie 
asleep, and they appear m beautiful type 
upon our breakfast tables at eight o'clock 
in the morning. The rapidity with which 
change follows change is also lernark- 
able. Things that took a century to do 
some time ago, aie now' finished off m 
the course of a day ” 

“An iron steamboat is now building m 
this city to run on Lake Titicaca, which 
lies in the bosom of the Andes, in Peiu, 
five miles above the level of the sea. It 
is to be made in sections, to be trans- 
ported from the sea on the backs of 
mules, to its lofty native element, and 
there it is to be put together by mechan- 
ics sent out foi that pm pose.” 

“Some ingenious expenments have 
been performed at the Cincinnati Ob- 
servatory, m connection with the mag- 
netic telegraph, to asccitain if tlieie be 
any sensible time occupied m the trans- 
mission of the wave or current of elec- 
tricity between the two points where 
lelative longitudes are requiied. Thus 
tai. Professor Mitchell says, all results 
tend to the conclusion that there is no 
sensible wave time. Other methods may 
lead to a different conclusion. The sub- 
ject is interesting, and now becomes im- 
portant as an element in the determina- 
tion of longitudes by the telegiaph.” 

“Patent issued to John Ericsson, of 
New Yoik, for impioved arumgement of 
engines for using steam expansively.” 

“The expenments of Leblanc upon 
vitiated atmosphere are of high mtei est. 
The quantity of caibonic acid m the at- 
mosphere m the normal state, has been 
shown by the Saussures to vary hom 3 
to 6 parts in 10,000. Leblanc has exam- 
ined the quantity m crowded rooms, 
theatres, cities, &c. In Dumas' class room, 
after a lectuie of an hour and a half, 
where 900 persons were present, the 
carbonic acid amounted to 1 per cent, 
and the same quantity of oxygen had 
disappeared. From other experiments, 
he considers this a maximum quantity for 
safety, and strongly recommends a bet- 
ter ventilation when so much carbonic 
acid is present. The result agrees with 
experiments made in this country.” 
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ANOTHER SCORE IN THE 

battle of the inches 

It takes many costly buildings to tiny permalloy transformers, and more parts can be housed in a given 

house youi telephone system. Every special assembly techniques, it is space. Telephone buildings and 

inch saved helps keep down the cost scarcely larger than a single vacuum other installations keep on giving 

of telephone service. So at Bell Tele- tube used to be. Yet it is able to more service for their size — and 

phone Labor atories engineers work boost a voice by 35 decibels. keep down costs, 

constantly to squeeze the size out Mounted in a bay only two feet • qq ie new amplifiers, which ,will 

of telephone equipment. wide and 11% f ee ^ high, 600 of the soon be used by the thousands 

In the picture a new voice fre- new am P llfiers do ^ orl J winch once throughout the Bell System to keep 

quency amplifier is being slipped required a room full of equipment. telephone vo i ces up to strength, are 

into position. Featuring a Western This kind of size reduction but one example of this important 

Electric miniature vacuum tube, throughout the System means that phase of Laboratories work. 

BELL TELEPHONE LABORATORIES exploring and inventing, devising 

AND PERFECTING, FOR CONTINUED IMPROVEMENTS AND ECONOMIES IN TELEPHONE SERVICE 
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Millions of small electric motors to run 
on six volts are required by the automo- 
tive industry for heaters, defrosters and 
ventilators in cars and trucks One of the 
problems encountered in economical 
manufacture of reliable motors was found 
m the commutator, which is the part 
that feeds current to the windings of the 
rotating armature It is necessary for the 
commutator to have high electrical con- 
ductivity; it must also be as hard as pos- 
sible, consistent with very severe form- 
ing operations in an automatic, high- 
speed multi-slide machine Hardness is 
desirable to resist wear by the motor 
brushes, and also to withstand the cen- 
trifugal force devel- 

oped at high rota- 
tional speeds. 

A manufacturer of 
these commutators 
came to Revere with 
these questions which 
is the best material, 
and how hard could 
it be 5 Because of long KpJ 

experience with some- 
what similar prob- 
lems, Revere rec- 
ommended trial of — 

OFHC (Oxygen-Free High Conductiv- 
ity) copper, four numbers hard. This 
was tested along with several other 
metals that seemed to possess at least 
some of the desired characteristics The 
OFHC alone was found to produce ex- 
cellent commutators, and with tolerances 
almost unbelievably close in this type of 
metal-working 

After the copper shells are formed, 
there is a plastic molding operation 
which requires the shell diameter to be 
held within .00 1", m order to prevent 
the plastic from flowing between the 
mold and the outer surfaces of the com- 


mutator For the same reason, an equal 
tolerance is imposed upon the height of 
the solid cylindrical portion The plastic, 
which is tough and unusual in composi- 
tion, serves both as insulation and as a 
mechanical connection between com- 
mutator and shaft without use of a bush- 
ing and key. 

The success of this combination has 
been repeatedly demonstrated by tests 
Speeds up to 35,000 rpm have pro- 
duced no failures in the commutators, 
though the rotor windings practically ex- 
plode At temperatures up to 400° F 
there w T as no damage to the commutator, 
though the rotor wiring was badly dam- 

^ * aged due to the com- 

yds bination of centrifugal 

force and decrease in 
wire strength Thus 
once again the su- 
perior qualities of 
OFHC copper have 
r njj been demonstrated 

Z/y Two things seem 

noteworthy in this 

Ill^Ph yHIf case ' bust, the value 

of calling upon a sup- 
pher for not merely a 
product, but for his 
thorough knowledge of that product Sec- 
ond, the fact that such knowledge makes 
possible new economy and reliability, even 
m combination with a totally different 
material The supplier here happened to 
be Revere, and the materials are copper 
and a plastic. But the materials might 
have been anything, and the suppliers 
anybody, for throughout industry the 
skill and knowledge of sellers are freely 
available to buyers All that is necessary 
for you to take advantage of them is to 
ask, and at the same time furnish com- 
plete information as to fabrication 
methods and conditions of use 

REVERE COPPER and BRASS INCORPORATED 

founded by Paul Revere in 1 801 

☆ ☆ ☆ 

Executive Offices: 

230 Park Avenue, New York 1 7, N. Y. 



THE COYER 

The glass porthole m the center oi this 
month's cover painting gives a view 
of the inside of a shock tube, a device 
used in the study of shock waves at 
the University of Michigan's Hainson 
M Randall Laboratoiy of Physics 
(see page 14). The steel tube itself, 
which extends beyond the picture on 
both sides, consists of two chambers 
separated by a red cellophane cha- 
phiagm. To establish a pressure dif- 
ference, the an in one chamber is 
compressed oi the other chamber is 
evacuated When the diaphragm is 
luptuied, a shock wave tiavels clown 
the tube. Because the optical propei- 
ties of an vaiy with its density, this 
wave can be seen and photographed 
through the porthole, In the painting 
a double-wedge an foil is mounted 
inside the poi thole. The luibulence 
caused by the passing shock wave 
is cleaily discernible. Specks of red 
cellophane have been earned clown 
the tube by the shock wave Re- 
flected m the glass of the porthole 
is the head of a watching physicist. 
To the lower left are a plateholder 
and a package of photographic plates. 







What GENERAL ELECTRIC People Are Saying 


C. L. ANDREWS 

Research Laboratory 

Microwaves: Since the war engi- 
neering development of microwave 
sources has been of two kinds: one 
of more powerful radio and radar 
equipment, Lhe oilier of hand -sized 
transmitters thaL can he plugged in- 
to a house circuit and used like a 
spotlight for oilier than communi- 
cations purpose. 

These simpler microwave devices 
are designed for counting and sort- 
ing in industrial control, relays 
and alarms for industrial use, and 
what is most important, for the 
educational purpose of understand- 
ing Lhe nature of the waves. Engi- 
neers recognize that in some cases 
one generation of education is 
necessary between the discovery of 
a new physical phenomenon and 
its exploitation for society. The 
engineer cannot anticipate all the 
applications, hut the layman par- 
tially acquainted with the properties 
of the wave brings problems of Lhe 
farm, home, and factory to Lhe 
engineer for solution. 

Eying midway between light 
waves and radio waves, microwaves 
have for man a unique place in the 
electromagnetic spectrum. They are 
the length of a man’s hand and can 
he measured on an ordinary ruler. 
LighL waves are a million times loo 
short to measure easily, broadcast 
radio waves a million times too 
long — but microwaves are our size. 
By measuring the microwave pat- 
terns spread over the laboratory 
table, the high-school student may 
see for the first time that electro- 
magnetic waves are waves and 
measure the wavelength just as he 
measures the length of a wave in a 
violin string or of a sound wave in 
an organ pipe. 

Union College 

1 Schenectady , 

June 12 , 1946 

★ 

J. H. HAGENGUTII 

High-voltage Engineering Laboratory 

Lightning vs. Aircraft: A series 
of tests was made in the period 
1938 to 1942 to determine in the 
laboratory the effects of lightning 
strokes on the safe operation of air- 
craft. * . . This series of tests has 
shown that, although the possibility 


exists that a lightning stroke may 
cripple an all-metal plane, the 
probability that all factors required 
occur simultaneously is so small that 
the lightning slroke can be disre- 
garded as a serious potential hazard 
to a properly protected plane. 

Evidence obtained from airplane 
parts struck in flight, when com- 
pared with laboratory tests on the 
same or similar parts, indicates that 
planes may ho subjected to current 
peaks of strokes to ground of the 
order of 100,000 amperes and to 
continuing discharges of the order of 
500 coulombs. 

Non -metallic planes, unless well 
shielded with a network of wires or 
other protective coating, are subject 
to damage from even minor light- 
ning strokes of the order of 20.000 
amperes. 

Considering the other factors as- 
sociated with lightning strokes, such 
as violent air drafts, rain, and icing, 
it would he considered safe policy to 
avoid areas of lightning activity. 

Pilots should well understand the 
potential dangers ... to be prepared 
in case the unexpected, rare com- 
bination of several of these factors 
should occur. 

AJ.E.E 
San Francisco 
August 26. 1919 

★ 

C. W. CLAPP 

General Engineering & Consulting 
Laboratory 

X-Ray Measuring: What would 
you do if you were given the 
problem of measuring the thickness 
of a red-hot slice t of steel as it issues 
from the rolls of a rolling mill? . . . 
The sheet is moving through the mill 
at speeds up to 25 miles per hour, it 
does not travel smoothly but fre- 
quently bounces up and down 
through a distance of several inches, 
and finally, at the place in the mill 
where it is desired to know the 
thickness, it is being deluged by 
heavy sprays of water, filling the air 
with clouds of steam and scale as 


the water strikes the red-hot steel 
... For some thicknesses of strip the 
error in measurement must be 
appreciably less than the thousandth 
part of an inch 

Until recently this problem re- 
mained unsolved . . . Steel mills had 
for years been waiting until the 
strip had been coiled up. ready for 
storage, and had cooled down to a 
temperature where a man wearing 
asbestos gloves could measure it 
with a special gage resembling a long 
machinist’s micrometer. As a result 
of the long delay ... it was difficult 
for the rolling-inill operators to keep 
a mill in proper adjustment. Fur- 
thermore, an error in mill setting 
was very costly, since several tons 
of steel would be rolled at the wrong 
setting before the error could be 
delected . . . 

If we could pass a beam of x-rays 
through the steel strip and measure 
the loss in intensity of the beam on 
passing through the steel, we would 
have a measure of the thickness of 
the strip. Such a method of measuring 
thickness requires no contact with 
the moving stup and is in fact quiLc 
unaffected by the speed of the mate- 
rial through the beam. Also, be- 
cause the absorption factor of water 
is so much lower than that of steel, 
the measurements will he practically 
unaffected by the cooling-water 
sprays necessary for steel-mill opera- 
tion. 

It is one thing to solve an indus- 
trial problem in the laboratory; it 
is quite another thing to design an 
equipment which will operate re- 
liably under the adverse conditions 
which seem to accompany most 
industrial processes. In this case, 
the difficulties were not found in- 
superable, and x-rav thickness gages 
are today operating successfully in 
hot-strip rolling mills all across the 
country. Potential sayings from the 
use of the new gages may run to a 
million dollars a year for this in- 
dustry alone. 

J VGY Science Forum , 
September 7, 1949 
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Unit Package 
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MECHANICAL 

PUMP 


Ballasted VMF -80 Exhaust Unit — 
typical example of how DPI sim- 
plifies highest vaaiirn for your use 


QUICK-OPENING 
HIGH VACUUM SEAL 

SOLENOID VALVES 


3 -STAGE 
FRACTIONATING 
DIFFUSION 
PUMP 


. « . for higher vacuum 
on production lines 


• . * as a better tool 
for the laboratory 


This simplified unit can be installed at 
each station of a rotary exhaust machine to 
augment a mechanical pumping system, 
or to replace mercury diffusion pumps. It 
should assure faster production and attain 
much higher vacuum — a much desired 
result for manufacturers of electronic 
tubes and many other evacuated products. 


The physicist, chemist or electronics re- 
searcher will find this economical package 
advantageous on all manner of experi- 
ments. The ballast tank assembly may 
save hours in achieving highest stages of 
vacuum. The system can be let run with 
a minimum of attention to make high 
vacuum instantly available when needed. 



For more detailed information on this and other high 
vacuum packages to fit your particular requirements, write 

Vacuum Equipment Division 

Distillation Products, Inc. 

Subsidiary of Eastman Kodak Company 
751 RIDGE ROAD WEST, ROCHESTER 13, N. Y. 


Distillers of Oil-Soluble Vitamins and Other Concentrates for Science and Industry; Manufacturers of High Vacuum Equipment. 



SCIENTIFIC 

AMERICAN 

Established 1845 


CONTENTS FOR NOVEMBER 1949 VOLUME 181, NUMBER 5 

SciENrnu Amjriiats is copyrighted 1949 in the CJ S and Berne Convention rountnes by Scientific Ameutan, Inc 

ARTICLES 

ARMS RACE V. CONTROL by Chester I. Barnard 

The atomic explosion m Russia has reopened the discussion of the inter- 
national control of atomic eneigy. An evaluation of how the event may 
affect the position and approach of various poweis toward the problem 1 1 

SHOCK WAVES by Otto Laporte 

Oui accelerating civilization has increasingly encountered this fact of 
our physical environment. It occuis wherevei compiessible gases move 
at high speed— m explosions, past missiles or an craft, thi ough jet engines f 4 

THE APE-MEN _ by Robert Broom 

Dm mg the past 25 years the fossil remains of a whole family of creatures 
inter mediate between apes and men have been discovered m South 
Africa A peisonal account of these finds by then principal chscoverei 20 

FIVE HISTORIC PHOTOGRAPHS FROM P ALOMAR by E. P. Hubble 

Before it was removed from the Hale telescope for corrective polishing, 
the 200-inch minor was used to make some 60 plates. A poitfolio of pic- 
tuies liom the trial run of one of man’s gieatest scientific instiuments 32 

VISIT TO ENGLAND by Leopold Infeld 

Aftei his visit to Dublin, the authoi pays a call on the Universities of 
Manchester and Birmingham and their noted physicists Blackett, Oli- 
phant, Rosenfelcl and Peieils The second in a senes of three articles. 40 

FLUOROCARBONS by J. H. Simons 

The man-made marriage of fhionne and carbon has yielded a whole 
family of interesting new substances. Their principal characteristic is a 
chemical inactivity, which fits them foi a host of useful applications. 44 

DEMOCRITUS ON THE ATOM 

The gieat materialist philosopher of the fifth century B.C. made seveial 
inspired scientific guesses that weie corroborated 2,000 years later. A 
brief account of his system in the words of later philosophers and writers. 48 

NATURAL HISTORY OF A VIRUS by Philip and Emily Morrison 

The virus that causes herpes simplex, the common cold soie oi fever 
blister, has an unusual partnership with man. It dwells in the bodies of 
a vast number of human beings, yet it rarely interferes widi their lives 50 


DEPARTMENTS 

LETTERS 2 

50 AND 100 YEARS AGO 4 

SCIENCE AND THE CITIZEN 26 

BOOKS 54 

THE AMATEUR ASTRONOMER 60 

BIBLIOGRAPHY 64 


BOARD OF EDITORS: Ceiard Piel (Chairman), Dennis Flanagan, Leon Svirsky, K. Chester, Albert G. Ingalls, 

James R. Newman, John E Pfeiffer 





f ■ | 

; I 

* ; I 

rm 


I ^ 




i'* , , f 


■.■■■:■■ 

I 


f 

F. .. 


ftaSSS 


I 

I 

I 

fcL:-v ■ ■■ I 

I 

■ 


Your First Move 


AT THE FIRST SIGN 
OF CANCER 


T HE way to win against cancer is 
to discover it early — then go im- 
mediately to your doctor for diag- 
nosis and treatment. 

If this is done, your chances are 


PHi/ 


even or better of coming out on top. 

That is why one should always be 
on the lookout for cancer’s danger 
signals. Watch for them in yourself, 
in your friends and m members of 
your family. 

Don’t be afraid to learn the truth. 
Your doctor may give you the good 
news your fears are groundless. Or 
that a relatively simple course of 




^ Persistent indigestion. 




treatment, in the light of new medi- 
cal discoveries, is producing won- 
derful results in similar cases But 
whatever you’re told, the sooner you 
act, the better the news will be 
Remember — you can’t diagnose 
cancer yourself, but you can suspect 
it Be on the lookout. Check up on 
yourself from time to time. Write for 
important free booklet — today. 


MAIL COUPON FOR 

FREE BOOKLET 

THAT TELLS THE FACTS 
ABOUT CANCER 


| Any sore that does not 

* heal, particularly about the 
tongue, mouth or lips. 

2 . A painless lump or thick- 
ening, especially in the 
breast, lip or tongue. 

0 Progressive change in the 

* color or size of a wart, 
mole or birthmark. 


Kj Persistent hoarseness, un- % 

“ explained cough, or diffi.- \ 
culty m swallowing. m 

fajg* | 

f\ 

\ AMERICAN CANCER SOCIETY 

| 



g Bloody discharge from the 

I M ^ 

47 Beaver Street, New York 4, N Y. 

* nipple or irregular bleed- 


^*^^4 Please send me free the booklet contain 

ing from any of the natural 
body openings. 


ing vital information about cancer 

7 Any change in the normal 

i I ■ 

Name 

* bowel habits. 
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Arms Race v. Control 

Does the atomic explosion in Russia require 
the U.S. to modify its position in regard to 
the international control of atomic energy? 


Not mam / events in recorded history have been so cata- 
clysmic as to force a sudden change in the thinking of man- 
kind. Newton's laws of motion, the steam engine , gunpowder 
— even these revolutionary discoveries were centuries in de- 
veloping their full impact upon human affairs. How different 
is the case in the fifth decade of the 20th century I Four years 
and 69 days after the explosion of the fust atomic bomb the 
world heard the dreaded echo that brought it face to face with 
a most fateful decision 

The Russian atomic explosion means that the world race 
in atomic arms has begun The practical and immediate de- 
cision that confronts mankind is ivhether to let the race get 
inevocably stalled on its predictable course oi to make a ieal 
and determined attempt to establish international control of 
atomic iveapons The first response of most U. S. officials to 
the Russian explosion was to declare that the U S. must main- 
tain its lead and increase its production of atomic bombs 
There may he some i oho hope that, this will be permanent U . S. 
policy , but thoughtful Americans and the peoples of other 
nations must certainly hope that these statements simply mean 
that the U. S intends to preserve a strong bargaining position 
until an agreement on international control can he reached 


What cue the chances of obtaining such an agreement? The 
record of the United Nations Atomic Energy Commission’s 
discussions during the past three years has been discouraging. 
But the deadlock has been due at least in some part to a stiff 
adherence by the principal powers to their respective “plans.” 
Notv , as such eminent commentators as Walter Lippmann 
have observed , the end of the U S monopoly fundamentally 
changes the premises of the negotiations. It makes it possible 
to wipe the slate clean and retire gracefully from commit- 
ments to details of the official plans . To relieve mankind’s 
anxiety over the menace of atomic tear, what seems to be 
called for is not a gilt-edged plan but an agreement 

The problem of the control of atomic energy is the most 
urgent , the most desperate , ever faced by the American peo- 
ple, or indeed by mankind in its whole troubled history . It is 
a problem that demands leadership from scientists and from 
all who can bring an informed intelligence to hear upon it 
In the following article the problem is discussed realistically 
by a member of the board of consultants which in 1946 pre- 
pared the so-called Achcson-Lilienthal repot t , the first formal 
pioposal and specific program for the international control of 
atomic energy 


by Chester I. Barnard 


W HEN President Truman an- 
nounced that an atomic explosion 
was known to have oceuired 
somewheie m the area of Soviet domin- 
ion, my immediate reaction was that the 
chances of attaining the international 
control of atomic eneigy undei the aegis 
of the United Nations had inci eased 
ralliei than decreased* It is m many ways 
an advantageous thing that parties look- 
ing to an agreement should enter the dis- 
cussion without either one being at too 
gieat a disadvantage. One man with a 
gun finds it hard not to assume a superi- 
ority which hampers negotiation. Two 
men with guns are not necessarily going 
to shoot it out. Thus, though the use of 
atomic weapons is now more dangerous- 
ly imminent than before, the dilemma of 


the United Nations is less acute and the 
possibilities of successful negotiation aie 
measurably improved. 

In 1946 the State Department board 
of which David E. Lilienthal was chart- 
man and I was a member airived quickly 
at agieement on a general plan foi the 
international control of atomic energy. 
Yet it seemed to me at the time that, 
logical and sound as the plan was, the 
chances of its adoption were very small. 
This estimate was not by any means 
based exclusively on the possibility of 
determined opposition to the plan by the 
Soviet Union. It appeared likely that 
eveiy country, including our own, would 
encounter extreme technical and popu- 
lar difficulties in renouncing that consid- 
erable portion of its national sovereignty 


which acceptance of the contemplated 
pact would require. The fact that sub- 
stantially the plan pi oposed by our boai d 
finally proved acceptable to all members 
of the United Nations Atomic Energy 
Commission except the Soviet Union and 
its immediate satellites was heartening 
It must be remembered, however, that 
approval of the plan by representatives 
of these nations in the United Nations 
Atomic Energy Commission is by no 
means the same thing as the final and 
foimal approval required for tire execu- 
tion of the necessary multilateral treaties 
to cany the plan into effect. 

It was also obvious from the outset 
that so long as one of the negotiators pos- 
sessed a preponderance of knowledge of 
atomic energy science and technology. 



as well as an actual monopoly of produc- 
tion resouices and of fissionable mate- 
mis, the chances of agieement could not 
be high, fox the parties lacked the equal- 
ity of status that makes for success m 
bai gaming. The position of the U S in- 
volved one of the most extraoidmaiy 
dilemmas m histoiy. Though orn plan 
embodied the most generous ultimate in- 
tentions of relinquishing oui prefened 
position, actual possession of the bomb 
could be given up only m consideration 
of comprehensive and genuine guaran- 
tees that, in the end, all nations would 
f 01 ego the use of weapons employing 
atomic eneigy. This inevitably meant 
that other nations would have to relin- 
quish, step by step and voluntarily, im- 
portant elements of sovereignty in ad- 
vance of the relinquishment of the bomb 
by the U. S. It is hard to imagine condi- 
tions less favoiable to successful nego- 
tiation by proud and equal nations. And 
the difficulty was not 1 educed by the 
exaggeiated importance that our tempo- 
ral y monopoly of atomic energy knowl- 
edge assumed m the minds of the Amen- 
can people 

Now that the Soviet Union appai- 
ently also has the bomb, there will have 
to be some changes m oui tactics and 
oui attitude. It has always seemed to me 
a most dangerous delusion to suppose 
that om piefened position m the held 
of knowledge and technology could last 
very long 01 that our supeiiority with 
respect to the stock of fissionable mate- 
rials could be maintained indefinitely It 
is surely no gieat sui prise that the essen- 
tial knowledge is held by several, if not 
by many, nations and that in fact an 
atomic explosion has now occurred un- 
der other auspices than our own. The 
status of the participants in the attempt 
to negotiate an international agieement 
has become less unequal and with the 
lapse of time piesumably will become 
progressively more nearly equal. 

I I would be a mistake to focus all at- 
tention on the atomic bomb to the 
exclusion of the other terrible modern 
weapons of warfare When a British 
commentator observed wryly that “the 
Russians have devalued the bomb,” his 
remark was tiue in moie than one sense, 
it was more than the mere devaluation 
of a monopoly. Once the atomic bomb 
becomes an international weapon, so that 
it confeis no overriding advantage upon 
its possessors, the result must be to in- 
crease the pressure upon all nations in 
any universal arms race to develop even 
more effective weapons of mass destruc- 
tion. Already, in the short period since 
the end of the war, this effort has got 
# . under way. Guided missiles and rocket 

PROCESSES required to obtain power and other useful products from bombs, chemical and biological means 

uranium and thorium outline the problem of control. Uranium yields two of warfare are presumably being ad- 

nuclear fuels: U-235 and plutonium. Thorium yields U-233. Under the Ache- vanced every day, not by a few nations 

son-Lilienthal plan individual nations could use denatured” fuels, but an but by many nations. Dangerous biologi- 

Atomic Development Authority would control stages of their manufacture, cals could be made in small laboratories 
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in small countries. Chemical poisons 
could be produced and assembled any- 
wheie. And it must be lemembered, aftei 
all, that the squadrons of B-29 bombeis 
cany mg conventional explosives and fire 
bombs produced moie casualties m 
Tokvo in one night than the two atomic 
bombs on separate days m Hiroshima 
and Nagasaki. Foi the present, swift im- 
provements m all these weapons are as 
likely as epoch-making changes m the 
atomic bomb 01 othei destructive uses of 
atomic eneigy. 

Thus the conti ol of atomic energy is 
only a pait of the much laigei pioblem 
of the control of wai itself. But in many 
symbolic and practical ways it occupies 
pei haps a decisive position m the huger 
problem. The atomic bomb so fai is un- 
matched as a means of suipnse attack. 
Aside fiom general clispeisal oi the popu- 
lation and industry, little or no defense 
against it seems in prospect. Moreover, 
fiom the militaiy point of view it is a 
lemaikably economical weapon, at $1 
million per bomb it is a far cheapei 
method of destruction than its equiva- 
lent m chemical explosives and the extia 
planes to cairy them. 

At the same time, m ceitam lespects 
the control of the atomic bomb might not 
be as difficult as that ol other modes 
of waitaie. Its speclaculai chaiacter 
makes it not too hopeless to expect that 
we may airive eventually at some soit of 
an agreement on the curbing of this one 
most vivid loim ol warfaie. 

What makes the atomic bomb unique 
is that, as lecent statements by naval 
officers m Washington have reminded 
us, this is the fiist weapon pumanly di- 
lected to the indiscriminate annihilation 
ol civilian populations. As such it intro- 
duces an entirely new concept of war- 
fare. To be suie, the concept of total de- 
struction has long been discussed by 
theoieticians and was put into practice 
to some extent m the last wai, but now 
that the atomic bomb has made it prac- 
tically realizable, this concept must in- 
evitably dominate all militaiy strategy— 
unless the bomb is placed beyond the 
pale So the curbing of atomic weapons 
would go a long way toward controlling 
the menace of anmhilative war, including 
bacteriological wai fare and all the lest. 

The stakes are enoimously high. In my 
opinion, they involve not only peace but 
also whether we shall be foiced to have 
a totalitarian government. If dispersal of 
the population is the only immediate 
means of reducing vulnei ability that we 
can hope for, then we should have to 
carry the control of private lives to un- 
heard-of lengths in this country. We 
should recall that governments m the 
past have always found that the hardest 
thing for any central authority to under- 
take is the deliberate shifting of a popu- 
lation against its wishes. The defense 
measures that would be absolutely nec- 
essary in the event of a protracted failure 


to get international agreement would 
mean an intoleiable central management 
of om lives. Such conti ol has already pro- 
giessed to the point wheie it thieatens 
the freedom of science. 

The principal issues in the interna- 
tional control of atomic energy that have 
been under discussion m the UN can 
be stated succinctly in a senes of ques- 
tions Shall an international authoiity 
take owneiship of the law materials 
(uranium and thonum) and operate all 
potentially dangeious projects m atomic 
eneigy, or shall each nation develop its 
own atomic energy piogram, with mtei - 
national inspectors to see that it does 
not make atomic weapons? Shall atomic 
disarmament proceed m a senes of 
stages, 01 shall atomic bombs be out- 
lawed and existing stockpiles be de- 
stroyed by immediate agieement? Shall 
chaiges and penalties against a nation 
accused of violating the conti ol agree- 
ment ultimately be decided by a majority 
or by a unanimous vote of the UN Secur- 
ity Council? 

Obviously the present new situation 
reduces the significance of some of the 
points that have been strenuously de- 
bated in the past, notably the question 
of stages. It seems safe to say that too 
much has been made of the veto ques- 
tion, especially in the beginning. Time 
has passed and there has been less de- 
bate about the veto, for one thing be- 
cause there was no great clarity on just 
which form ol veto people weie talking 
about. The entire veto problem has no 
cogent connection, so fai as I can see, 
with the cential question at issue. Of 
course it offends our sense of the pio- 
pneties to be told that anyone accused 
of committing a ciime should be able 
to veto an inquny into the facts. But if 
some nation violates an international 
agreement, olheis are not going to wait 
the months and months which may be 
required for the Secuiity Council to com- 
plete a thorough investigation. If under 
these conditions a violation should occur, 
to all intents and purposes wai would 
alieady have been declared. The veto 
would then be irrelevant, all rules would 
be off. Undei the United Nations Chmter 
all nations can, in certain circumstances, 
defend themselves. The violation of an 
international atomic energy agreement 
would certainly be such a circumstance. 

A LTHOUGH international atomic en- 
. ergy control is not equivalent to the 
abolition of war, it is a step in that direc- 
tion. It is a step that should be taken, 
and a step from which no quibbling, not 
even quibbling of the more serious sort, 
or any hurt feelings, should deter us. 
In the years since the close of the war 
some of our neighbors have begun to de- 
velop inferiority complexes, and America 
more than once has shown evidences of a 
high-hat complex We have not been 
quite aware of how difficult it is for oth- 


ei s not to become oversensitive, and how 
easy it is for us to offend. 

Pei haps the major leason why the dis- 
cussions of atomic eneigy conti ol have 
heretofore been doomed to reach a stale- 
mate is that out of sheei pride not eveiy 
big powei has been willing to give up its 
efforts to develop atomic energy. The 
Soviet Union now feels itself m a happiei 
position. At the same time, although we 
have become moie vulnerable, the Soviet 
Union is not less vulnei able than befoie. 
Although each nation now possesses the 
ciucial weapon of attack, it has less di- 
lect incentive to use it— since it is an 
axiom of warfare that attack calls for 
retaliation. Even if we were to assume 
that we were ceitam to win a wai be- 
cause we could use the atomic bomb on 
a larger scale than anybody else, would 
such a victoiy be worth taking? Could 
any nation, howevei greedy, lejoice 01 
even benefit from possession of a land 
m which all the works of civilization had 
been destroyed? 

With two large and rival nations in 
possession of deadly atomic weapons, the 
peace of the world is giimly endangered, 
especially since tensions have been de- 
veloping apace and theie has thus far 
been no piogiess on an international 
agieement. But if we look hack to various 
junctures m our own histoiy and note 
how daik things must have looked to 
those who weie then facing an unknown 
futuie, we should take heart. Aftei lead- 
ing about our nation’s past crises m our 
history books, even today we do not see 
how it could have worked out its destmv 
—but it did Concrete reality is easier to 
face than remote possibilities. At least 
we are now confiontmg a concrete situa- 
tion. And what is even better, discussions 
have now been resumed. 

In oui panic over the destructive po- 
tentialities of atomic energy we have 
been inclined to lose sight of its poten- 
tialities for progiess So fai we have had 
only glimpses of what atomic energy can 
do lor mankind— as a source of power, 
as an aid to medicine, as a tool foi basic 
research. Before these more hopeful as- 
pects of atomic eneigy can leceive our 
undivided attention, it is necessary to 
remove the clouds of appiehension now 
more than evei daikenmg the interna- 
tional sky. No one can 01 should be too 
sanguine about the ease of the task— or 
wait too passively foi something to hap- 
pen. It is always a good thing not to 
assume too early that a situation is en- 
tirely hopeless Here we can say literally 
that while there is life there is hope F our 
or five years ago the chance of achieving 
successful international control seemed 
to me about one in 100. Now it is per- 
haps one in 50, and it may get better as 
time goes on. 


Chester 1. Barnard is president 
of The Rockefeller Foundation . 
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SHOCK WAX ES 

The phenomenon is observed when gases are violently 
disturbed by explosions, missiles or machines. It is 
studied for both practical and theoretical reasons 

by Otto Laporte 


O UR acceleiating civilization must 
increasingly reckon with the phe- 
nomenon of the shock wave 
Wherevei compressible gases move— m 
explosions, past missiles, through jets or 
turbines— shock waves play a significant 
role. The observation of shock waves is 
of vital interest to the physicist, the as- 
tronomer and the engmeei. The theory 
of shock waves is fascinating to the math- 
ematician. 

A shock wave is to a sound wave what 
a tidal wave is to a upple in a still pooh 
This statement is not really a definition, 
but it will explain why m examining 
shock waves we must consider what we 
mean by a sound wave. When a tuning 
fork is struck or a magazine falls from 
a table to the floor, small pressure or 
density disturbances aie set up m the 
air, and the disturbances radiate fiom 
the source with the speed of sound. Com- 
pared with the normal pressme of un- 
disturbed aii, the pressure increase m 
such a sound wave is very small indeed, 
in the sounds of our daily experience the 
increment is only a hundredth to a thou- 
sandth of the original air pressme. While 
propagating the disturbance the air par- 
ticles leave their positions temporarily, 
but each individual particle is displaced 
only a tiny distance, and it moves with 
only a hundredth or a thousandth of the 
speed of the sound wave itself. 

Since the temperature ot air rises when 
it is compressed and falls when it ex- 
pands ( as is illustrated by the heating of 
a tire pump or the cooling of a carbon 
dioxide cartridge making charged wa- 
ter), sound involves a delicate tempera- 
ture change. The increase of tempeiature 
is proportional to, but much less than, 
the increase of pressure. All these in- 
finitesimal pressure, density and tem- 
perature disturbances are piopagated 
through space with the speed of sound. 
It is well known that the speed of sound 
varies with altitude, but contrary to a 
common impression this has little to do 
with variations in atmospheric pressure; 
the speed depends only on the tempera- 
ture of the air. It is also largely inde- 
pendent of the pitch or loudness of the 
sound. The speed of sound is 1,087 feet 


pei second at 82 degiees Falnenheit, and 
it increases as the squaie root of the tem- 
perature measured from absolute zeio. 

In the case of shock waves we aie 
dealing with pressure changes much 
larger than those of ordinary sound; in 
fact, the pressure increase may be 
greater than the total original atmos- 
pheric piessure Such shocks, though not 
encountered as hequentlv as ordinary 
sounds, are common enough. The noise 
of a tire blowout, the blast of an explo- 
sion— whether it be a bomb 01 the vol- 
cano Krakatoa— aie examples of pxes- 
sures higher than atmospheric that aie 
leleased suddenly. Conversely, the le- 
port we hear when an evacuated con- 
tainer such as a carbon filament lamp 01 
a Thermos bottle bleaks is the result of 
a sudden pressure reduction. The former 
are examples of compression waves, the 
latter of rarefaction waves. The term 
wave is used here to descnbe a disturb- 
ance of piessure, but not necessarily a 
periodic one. The periodic charactei of 
the small changes of pressure m a sound 
wave piopagatmg a musical note is not 
really essential to the phenomenon. (The 
large eflect of the trumpets of Jericho 
should piobablv not be regarded as 
proof of the magnitude of the pressme 
changes, more likely it should be as- 
cribed to resonance ) 

The propagation of these large dis- 
turbances is quite different from that of 
small some disturbances. The latter al- 
ways have a definite speed— the speed 
of sound in everyday experience. The 
speed of a laige disturbance, or shock 
wave, varies with the amount of the pres- 
sure change, the greater the pressuie in- 
crease, the faster it travels. This is due to 
the temperature effect mentioned eailier. 

T HE origin and development of a 
shock wave are depicted m the draw- 
ings on page 16. The top drawing shows 
three regions of differing air pressure. 
The air in the region at the extreme right 
is at rest; its pressure is p 0 . To the left 
of it is a region of higher pressure, p 1? 
and at the far left one of still higher 
pressure, p 2 . Obviously this situation 
will result in air movements of a certain 


pattern and velocity. If the p„ region is 
at rest, the entile an layei of the p t 
legion will rush to the light with a cei- 
tam velocity which is constant for the 
whole plateau The p-> air layei also will 
lush to the light, m other woids, it moves 
fastei than the p 3 layer, its speed m re- 
lation to the p t layei being approximate- 
ly as great as that of the p x layei in 
i elation to p„ It is therefore clem that 
the speed oi the point B, at the edge 
of the p 2 legion, is much greater with 
respect to the quiet an m p ( , than the 
speed of the point A. Hence the com- 
pression at B catches up with the com- 
pression at A and ultimately amalga- 
mates with it. 

Allhough wc have found it convenient 
to speak heie oi ]ust two pressuie 
changes, affecting whole regions, actu- 
ally the same phenomenon takes place 
at each point within a single legion of 
compression. This is lllustiated in the 
middle drawing on page 16. There the 
piogiess of a single compression wave 
is shown at very short time mteivals. 
The speed of propagation is slowest at 
A, the foot of the compression, and high- 
est at B, the head of the compression. 
B starts behind A, but finally catches up 
with it. This is the genesis of a shock 
wave. The harmless compression wave 
traveling to the light steepens more and 
more until it becomes a sharp discon- 
tinuity m pressure, which fiom then on 
moves without change mto the low- 
pressure region at the right The effects 
of this discontinuity are violent because 
the an pai tides are enormously accel- 
erated as they are engulfed. 

In these two drawings we have, as is 
customary, plotted pressuie as a vertical 
coordinate against distance. It is a re- 
markable fact that there is more reality 
m this way of presenting piessuie dis- 
tributions in compiessible gases than 
might be expected For many yeais it 
has been known that there is an exact 
analogy between the propagation ot 
large pressure changes in compressible 
gases and the propagation of relatively 
large waves in shallow bodies of water. 
The height of the water wave, for exam- 
ple, corresponds to the gas density, and 
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the honzonUil components of the watci zone until a ieal discontinuity in level, da’s Bay of Fundy and m many tiopical 

velocity at the suiiace conesponcl to the the analogue of a shock wave, is estab- uveis. Someiset Maugham’s famous 

gas velocity* Thus orn two drawings take lishecl. shoit story “The Yellow Stieak” describes 

on a moie easily visualized character the Thiee diffeient names have been the teirois of being caught by a boie on 
curves with which the varying picssures given to this phenomenon in natuie. In anver in Borneo 

weie plotted against distance can be le- the ocean such a shaip level discontmui- The aeiodynamicist is interested m 
gaided as giaphs of the height of the ty, which may be caused by a submaime such niatteis because, as a result of this 

watei m a shallow tank. In the fust volcanic ei up tion, is called a tidal wave analogy between the flow ol watei and 

di awing two uses in watei level aie In veiy s wilt mountain streams there aie of gases, the study oi watei flow in a 

lushing into the quiet water at the light. stationaiy level discontinuities, produced shallow tank piovides him with a labo- 

In the second di awing a plateau ol high by obstructions 01 changes m the slope latory model of the complicated be- 

watei is lushing into a region of quiet of the stieam bed, that slow the stream havior of shock waves in gases. It is pos- 

water. Connecting the two water levels down, such a discontinuity is known as sible, however, to investigate shock 
m this drawing is a tiansilion zone in a hydiaulic jump In the mouths ol cei- waves more directly. This is due princi- 

which the speed of the watei uses hom tain uveis the incoming tide steepens pally to the work of the Austnan theo- 

zero to its final maximum This causes into a clangeious discontinuity called a retical physicist and philosopher Ernst 

the giadual steepening ol the transition bore Boies have been observed in Cana- Mach, who at the turn of die century 



SHOCK WAVES are made visible in a shadow photo- jectile moves through a gas from right to left. The angle 
graph taken at the Ballistic Research Laboratories of of the shock wave originating at the conical tip indi* 
Aberdeen Proving Ground at Aberdeen, Md. Here a pro- cates that the Mach number of the projectile is 1.88* 




CAUSE of a shock wave is demonstrated by assuming a region of low pres- 
sure (p<> ) , a region of higher pressure (pi 1 and a region of still higher pres- 
sure ( pi- ) . Point B moves faster than A and ultimately catches up with it. 



EFFECT of the phenomenon outlined in the drawing at the top of this 
page is to cause a harmless discontinuity in pressure (1) to become 
sharper (2. 3 and 4) until it is the violent discontinuity of a shock wave. 



BULLET moving through the air at a speed less than that of sound (left) 
is surrounded by a succession of spherical waves. When the bullet moves 
faster than sound l right ) the disturbance forms conical shock, wave pattern* 


developed methods for observing actual 
shock waves m an . 

Theie is a phenomenon, akm to a cei- 
tam effect of shock waves, which is fa- 
miliar to eveiyone— the layeis of hot an, 
separated by visible boundaries from the 
cooler air above, that one can see over a 
hot radiatoi beneath an open window oi 
on a hot pavement m summei . The sharp 
diffeiences m tempeiature produce shaip 
difieiences m the density of the air A 
shock wave, similarly, represents a dis- 
continuity m density, and the air on one 
side of the wave has optical pioperties 
diffeient hom those of the air on the 
other. The pioblem m observing it, of 
course, is that a shock wave is extremely 
tiansient. Shock waves can be photo- 
graphed only by the use of delicate and 
ingenious timing devices foi tripping the 
camera. 

The most common application of this 
technique is to photograph the flow of 
an* around objects, notably bullets m 
flight. The tip of the bullet forms the 
vertex of a conical shock wave. This is 
the visible manifestation of a discontinu- 
ous change m the velocity of the paited 
air. The shock waves heie are moie com- 
plex than those pictuicd m oui simpli- 
fied diagrams— they are cuived and ob- 
lique. By oblique we mean that the flow 
velocity is no longei pei pendicular to the 
wave hont, it mtei sects the wave front at 
an angle This conical shock or how wave 
is typical in supersomes, and by eonsid- 
enng it we will arrive at a deeper nuclei - 
standmg of the shock wave phenomenon. 

1 ET us look at the bullet Hist as if it 
i were a small disturbance, like a 
sound wave. Let us furthermore imagine 
that we aie riding the bullet, Munchau- 
sen-fashion, and watching the air rushing 
by. We may then account for the effect of 
this small disturbance, as did the 17th- 
century Dutch natural philosopher Chns- 
tian Huygens, as a steady succession 
of spherical waves. It is as if, stand- 
ing on a bridge above a swift stream, we 
watched the suiface of the stream flow 
by a point of small disturbance such as 
might be created by a fishing line hang- 
ing in the stream, except that here the 
disturbance is more like a succession of 
chops falling upon the surface. As long 
as the speed of the bullet, corresponding 
to the speed of the stream, is less than 
the speed of sound, corresponding to the 
speed of the circular ripples propagating 
the disturbance, the effect will be mere- 
ly a seiies of circles that are somewhat 
crowded oil the upstream side, or the 
dnection of the bullet’s flight, as shown 
in the drawing at the bottom of tills page. 

Now let us go on to picture the quite 
different effects when the bullet travels 
faster than sound. As soon as it exceeds 
the speed of sound, a conical envelope 
of spheres known as the Mach cone is 
formed; this is shown in the second 
drawing at the bottom of the page. The 
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shape ol the Mach cone is completely de- 
fined by the Mach angle, indicated by M 
m the cliawing. Both the Mach angle and 
the eelebialed Mach numbci aie found 
by considenng the triangle BCO. II the 
bullet takes t seconds to ti avcl h om O to 
B at a velocity v, then BO is equal to vt. 
O is the centei of a sphere of disturbance 
that touches the Mach cone at C, and c 
is the velocity with which the disturb- 
ance travels from O to C. Thus OC is 
equal to ct The ratio v/c is the Mach 
number As long as the Mach number is 
less than one, which is the case when the 
bullet is tiavelmg slower than the speed 
of sound, no Mach cone exists. When the 
Mach numbei is one, that is, when the 
speed of the bullet exactly equals the 
speed of sound, a Mach cone begins to 
loim. As the speed of the bullet mci eases 
and the Mach number exceeds one, the 
Mach cone becomes moie and more 
slender For Mach numbei 2.5, as an 
example, the Mach angle is only 23 de- 
giees. 

The transsonic case, when the Mach 
numbei becomes one, is ol course a con- 
dition of consideiable interest to aero- 
dynamicists. Here the Mach cone, with 
M a right angle, is not actually a cone 
but a plane perpendicular to the line of 
flight. We leave it to the reader to iden- 
tify this plane with the “sonic bai i ier” so 
often mentioned m the daily pi ess. 

When a bullet oi other missile travel- 
ing iastei than sound strikes an object, 
pail of the damage is due to the conical 
shock waves which accompany it. This 
fact has led to the study of how shock 
waves are i effected from walls. The prob- 
lem has been thoroughly investigated, 
and various unexpected phenomena 
have been discovered We can simplify 
the discussion of them by using the term 
“the stiength of the shock/’ which is de- 
fined as the latio of the piessme before 
the passage of the shock to the piessme 
afterwaid, A shock is strong when the 
latio is much gi eater than one. It is weak, 
and equivalent to a sound wave, when 
the picssure changes little. 

When a sound wave or a weak shock 
is reflected from a wall, the angle of re- 
flection is equal to the angle of incidence, 
as m the case of light. The drawing at 
the top of this page lllustiates this sim- 
ple situation. II we use the analogy of 
water once again, we can imagine that 
we are looking down at a swift stream, 
flowing in the direction of the parallel 
lines, with a fishing line penetiating the 
surface at a point off to the lowei left. 
When a ripple from this point strikes the 
shore, it is reflected back into the stream 
at an angle equal to that at which it 
strikes. 

The drawing at the middle of this page 
illustrates the situation when the weak 
some disturbance is replaced by a shock 
of medium strength. Here the water 
analogy might be the passing of a speed- 
boat moving to the left. The bow wave 



WEAK SHOCK ( heavy white line) is reflected from a surface ( dark gray 
area) at the same angle with which it strikes. The flow of a fluid crossing 
the boundaries of the shock ( dotted lines) is not appreciably affected. 



STRONGER SHOCK is reflected from a surface at an angle different from 
the one with which it strikes. The flow of a fluid is sharply bent as it 
crosses each boundary. Pressure of fluid at right is higher than that at left. 



STILL STRONGER SHOCK produces an entirely different pattern of 
shock waves. Fluid flowing from A passes through two shock waves to enter 
C and D. Fluid flowing into B is sharply differentiated from that in D. 
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of the speedboat is represented by the 
shock at the left. The pattern is now 
quite asymmetrical; the reflected shock 
comes from the shore at a smaller angle 
than the one at which the original shock 
hit the shore, and the flow of the stream 
n refracted sharply where it encounters 
the disturbance. What is of greater prac- 
tical interest is the dangerous fact that 
when the sheam passes through the orig- 
inal shock its pressure is increased When 
it passes thiough the reflected shock, its 
pressure increases again, but this time 
the increase is much greater. In other 
words, the reflection of shock waves 
raises the pressure to many times the 
original, and accounts for much of their 
devastating effect. This type of reflec- 
tion, irregular though it may seem by 
comparison with the leflection of light or 
sound, is called ‘regular leflection’ 5 in 
modem aerodynamics. 

If a still stronger shock is imposed 
on the fluid, legular reflection becomes 
impossible and is replaced by an entirely 
different and more complicated phe- 
nomenon. This effect, which has lately 
come to be called the Mach reflection, is 
illustiated in the drawing at the bottom 
of page IT. Here the fluid moving from 
left to ught is divided by the point Y into 
two sections of differing behavior. The 
fluid particles arriving above Y will pass 
through a single shock wave into legion 
B, bounded by the wall and the dotted 
line The fluid below Y passes through 
two shock waves, fust into region C and 
then into region D The flow of the fluid 
in regions B and D is not identical. The 
flow in region B changes abiuptlv at the 
dotted line, which lepiesents a discon- 
tinuity similar to a shock hut less drastic. 
Although the pressure is the same on 
both sides of the dotted line, the speed of 
flow, temperature and density are differ- 
ent. It should be noted that this pattern 
does not remain stationary p omt Y m o ves 
away from the wall 

HILE all these phenomena are of 
interest in themselves, they have a 
special, practical importance to the aero- 
dynamicist. The aerodynamicist must 
know the entire distribution of air veloci- 
ties around an airplane or a missile and 
the over-all forces such as lift and drag. 
The best apparatus for studying these 
phenomena is a supersonic wand tunnel. 
In it a stream of air of known speed is 
blown past a stationary object. The ve- 
locity distribution, with its shock waves, 
can then be photographed. Lift and drag 
can be measured, Unfoitunately the pow- 
er required to drive a stream of air at su- 
personic speed through a wind tunnel of 
reasonable size is so enormous that only 
a few such tunnels have been built. The 
power requirement can be reduced by 
evacuating one or more large containers 
and then letting air rasb back into them 
through the tunnel. The recently dedi- 


cated supersonic tunnel of the Naval Re- 
search Laboratory at White Oaks, Md., 
works in this manner. 

Foitunately shock waves themselves 
can he observed by physicists with a 
much simpler device. This is the shock 
tube, invented by a Frenchman named 
Vieille in the last century and developed 
bv W. Pay man and W, F, C. Shepherd 
m England and by W. Bleakney and 
Lincoln G. Smith in the U. S. The shock 
tube is meielv a steel tube of uniform 
cross section closed at both ends. A thin 
plastic diaphragm in the middle of the 
tube divides it into two chambers A 
pressure difference is established eithei 
by compressing the air on one side of 
the diaphragm or by partly evacuating 
the an* on the other side. When the dia- 
phragm is punctured, a shock wave trav- 
els into the expansion chamber and a * 
rarefaction wave tiavels into the com- 
pression chambei. 

The sequence of photographs at the 
right shows the flow of air around a 
double- wedge airfoil m oui shock tube 
at the University of Michigan. The 
wedge is facing a supersonic air stream 
coming from the left and is inclined at 
an angle of 17.5 degiees to the stream of 
flow. The Hist picture shows the primary 
shock wave, i c , the shock separating the 
still aii* at the right from the supei sonic 
stream at the left. Since the shock wave 
has to terminate perpendicularly on the 
wedge, the lower end of its upper half 
bends slightly towaid the wedge to 
form a light angle. The lower half, to- 
gether with the curved bow wave, has 
airanged itself in the Mach configura- 
tion which we have already seen dia- 
grammed in the drawing at the bottom 
of page IT. Even the discontinuity rep- 
lesented m that di awing by the dotted 
line is visible in the photogiaph. In die 
second pictme, made 30 microseconds 
after the first, the whole phenomenon 
has moved downstream. The thiid and 
fourth pictures, made 56 and 79 micro- 
seconds after the fiist, show how the 
lower half of the primary shock wave 
curls aiouncl the rear of the wedge., to 
form a vortex To the aerodynamicist this 
is visible testimony of the lifting force. 

These pictures illustrate the great po- 
tentialities of the shock tube in observing 
and recording supei sonic flow patterns. 
For such observations the tube is a com- 
petitor of the wind tunnel, but for the 
direct measurement of piessuie distribu- 
tions and some other phenomena the 
wind tunnel remains indispensable. The 
advantages of the shock tube are its sim- 
plicity, its more precise control of pres- 
sure, density, temperature and the Mach 
number, and the fact that it may be used 
to study shock waves in any gas. 


Otto Laporte is professor of phys- 
ics at the University of Michigan. 




FIRST photograph in a sequence of 
four shows a wedge-shaped object in 



THIRD photograph shows the lower 
half of the bow wave curling around 


18 



. 


I 






shock Lube jnsL after a rapidly mov- SECOND photograph shows the various shock waves moving from left to 
ing wave front has encountered it. right with the flow of the gas. Bow wave is at left; Maeli reflection at bottom. 


FOURTH photograph shows primary shock wave just before it drops off the 
end of the wedge. Four photographs were made about 30 microseconds apart* 


the hack end of the wedge. This is 
visible evidence of aerodynamic lift. 
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During the past 25 years the fossil remains of a ivhole 
group of creatures between apes and men have been found 
in South Africa. A personal account of the discoveries 

by Robert Broom 


mm 

* V * 




1 ' 

: 

Jj 

i 

i 

■ jB 




STERKFONTEIN CAVES yielded some of the most sig- 
nificant fossils of the ape-men. This drawing shows Dr. 


Broom and his assistants at the site where they discov 
ered an almost perfect skull of a female Plesianthropus 







T HOUGH theic weie many eminent 
evolutionists beloie Ghailes Dar- 
win, it was he who m 1859 first 
convinced the majority of scientists that 
man had evolved hom some ape 01 ape- 
like being. Of couise there were some 
who weie unconvinced, and even today 
theie are still a few, but no scientist ol 
any eminence, so far as I know, would 
hold now that man is a special creation. 
Some deny that lie evolved by ‘natural 
selection 5 as Dai win suggested, but 
eveiy scientist piobably is satisfied that 
whethei man developed gradually 01 
aiose by a sudden mutation, he certainly 
came from parents who weie apes 01 
apelike. 

Yet who weie his ancestors? That 
question has pi eyed on the minds ol 
evolutionists’ f 01 the last 90 yeais Among 
living ioi ms aie several which have been 
claimed as man’s neaicst lowei relatives 
The goiilla, the hugest living piimate, 
has quite a number of human chaiactcis, 
and some have claimed him as 1 elated to 
man’s ancestor. The chimpanzee also has 
many human resemblances, and possibly 
the majonty ol anthiopologists today 
would vote 1 01 the chimpanzee as man’s 
neaiest lelative The orangutan has a few 
human characters not found in the gorilla 
oi chimpanzee, but it is too specialized 
to have many suppoitcis. One eminent 
scientist, convinced that none of the an- 
thi opoid apes is close enough to man, has 
come to the conclusion that he evolved 
hom some unspcciahzed lelative of the 
monkey like little Tax sms of Borneo. 

The hunt loi the fossil relatives of 
man was foz yeais practically banen oJ 
lesults. The mam reason, no doubt, was 
that very lew scientists wonied about 
hunting Most ol them found it moie 
comfortable to sit in then piotessional 
chans and do nothing— except ciiticize 
the few amateurs who went digging. 

In 1889 an ambitious young Dutch 
doctoi, Eugene Dubois ol Amsterdam, 
got himself a post m the Dutch East 
Indies so he might look foi man’s ances- 
tor In thiee years he had found the 
famous Pithecanthropus skull, which is 
now acknowledged by all anthiopolo- 
gists to be human. Three othei skulls of 
the same type have since been found. 

In 1907 a German scientist, after a 
deliberate search foi some yeais, discov- 
ered a very remarkable human jaw at 
Heidelbeig This represents another type 
of early man. In 1912 the Piltdown skull, 
lepresentmg still anothei type, was dis- 
coveied m the south of England. It has 
a relatively large biam, and a jaw which 
in a number of characters resembles that 
of the anthropoid apes. Then we had the 
Peking man, a type allied to the Java 
Pithecanthropus. And finally there is the 
Rhodesian skull of Africa, another hu- 
man type. 

All these finds were only skulls of 
various types of early man, and threw 
little or no light on man s origin. In 1924, 


however, came a discovery that opened 
a new chapter m the stoiy of man. 

Neai Taungs m South Atiiea is a large 
hme deposit with a few caves where 
fossil bones have been pieservecl. Nu- 
meious skulls of small apes or baboons 
had been found m these caves Towaid 
the end of 1924 a quairyman named M. 
de Biuyn one day blasted out a small 
skull which he immediately lecognized 
as that of a being not unlike man. It was 
believed that he had discovexed a fossil 
Bushman, and the skull was sent to the 
anatomist Raymond Dart m Johannes- 
burg lor his opinion. Dait, after cleaning 
and studying the skull, piomptly sent oft 
a papei to London claiming that it was 
that of a being intermediate between a 
lnghei ape and man. He called it Austra- 
lopithecus africanus. 

When the papei appeared, on Febi ri- 
al y 7, 1925, all English and Ameiican 
scientists who expiessed an opinion weie 
unanimous m declaring that Dait had 
made a senous blunder, his little Taungs 
skull, they held, was only a vanety of 
chimpanzee. Immediately after the dis- 
covery was announced I went to Johan- 
nesbuig to see it and made a very care- 
ful examination, especially ol the teeth 
I was at once convinced that Dait was 
essentially con eel m his conclusion, and 
that this was practically the “missing 
link”— the most important fossil find ever 
made. I wrote a papei supporting Dart. 
The noted paleontologist William J 
Sollas ol Oxloid Umveisily, to whom I 
sent a median section of the skull, also 
was converted to our view, and became 
oui strongest ally 

The discussion went on for yeais, and 
some of Dart’s opponents treated him 
veiy unfan ly Many m England and 
Amenca eventually came around to the 
opinion that be was right, but as the skull 
was that ol a young child, most anthro- 
pologists remained unconvinced. The 
leading American physical anthiopolo- 
gist, Ales Hrdhcka, visited South Afnca 
m 1925 and examined the skull, but did 
not feel able to give a definite opinion. 
He said: “Just what relation this fossil 
form beais, on the one hand, to the hu- 
man phylum, and on the othei to the 
chimpanzee and gorilla, can only be 
properly determined after the specimen 
is well identified, for winch aie needed 
additional and adult specimens,” 

In 1936, having taken a post in the 
Transvaal Museum m Pretoria at the 
suggestion of General J. C. Smuts, I re- 
solved to look foi a skull of an adult 
Australopithecus. I felt that even if I did 
not get what I sought, I was sure at the 
least to find other interesting fossil forms 
in the rich cave deposits, I started to 
work at caves near Pretoria, and imme- 
diately found a considerable number of 
new fossil mammals. Early in August, 
1936, two of Dart’s students visited me 
and told me of caves at Sterkfontein, 
near Krugersdorp, where they had found 


some small fossil baboon skulls. Tins 
seemed so promising a locality that we 
all visited the cave on Sunday, August 9. 

T HE caves had been known for over 
40 years. Mining operations were be- 
ing earned on foi impure lime m the de- 
posits. G. W Barlow was the manager 
of the quarrying operations and the caie- 
takei of the caves He told me that he 
had once worked at Taungs, and that he 
knew something about the skull. I asked 
him if he had evei found anything like 
it at Steikfontem, and he said he lather 
thought he had Any nice hones or skulls 
he found lie sold to visitors, and had not 
won led about what they were. I asked 
him to keep a shaip lookout for anything 
like an ape-man skull, and he said he 
would. 

When I visited the caves again three 
days latei, he handed me tlnee small 
baboon skulls and the badly damaged 
skull of a saber-toothed tiger, I hunted 
among the debris and found more of the 
saber-tooth skull and also a nice canine. 
The following Monday Bailow handed 
me two thuds of a beautiful fossil brain 
cast, and asked, “Is this what you aie 
after' 3 ” I leplied, “Yes, that’s what I am 
aftei.” It had been blasted out that 
moi mug, and it was manifestly the brain 
cast of a fossil ape-man. I hunted among 
the blasted debris for some liouis, but 
could get no more of ilie skull except the 
cast of the top of it, which I cut out of 
the side wall of the cave. Next day, after 
some thiee more houis’ hunting, I found 
all the base of the skull, both uppei jaws, 
badly displaced, and some fragments of 
the hi am case. When the bones were all 
cleaned and assembled, we found we 
had most of the skull, except foi the 
lowei jaw, of a cieature which we even- 
tually called Plesianthropas transvaalen- 
sis 

During 1936, 1937 and part of 1938 
we found many other remains of this 
Steikfontem ape-man— bits of skulls, iso- 
lated teeth and parts of limb bones. ( Wc 
now have many skulls and about 130 
teeth of Plesianthiopus.) We visited the 
caves every week, sometimes twice a 
week The native boys weie always on 
the hunt, and I laiely went to Steikfon- 
tem without bringing back some lmpoi- 
tant tooth or bone. Every visit cost some 
shillings in tips, but it was woith it. 

One June day m 1938, when I airived 
at the workings, Barlow said, “I have 
something nice for you this morning,” 
and handed me a beautiful palate of a 
large ape-man with one molai tooth m 
position. I said, “Yes, that is a nice speci- 
men 111 give you a couple of pounds for 
it.” He was quite pleased, but did not 
seem inclined to tell me wheie he had 
got the specimen. The matrix was differ- 
ent from that m the Sterkfontein cave, 
and I was sure it came from some other 
locality. When I insisted on knowing 
where it had come from, Barlow told me 
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a schoolboy named Gext Teiblanche had 
bi ought it to him fiom somewhere at 
Kromdraai, a farm about two miles 
aw ay. 

I went to the hum where Gert lived 
and found his mother and sister at home 
The sister took me up to the place on a 
hill wheie Gert had bioken the skull 
with a hammer hom an outciop of bone 
bieccia deposit Lying around were a lot 
of bioken fragments of bone and a few 
teeth. The sister told me that Gert had 
four teeth with him at school, and she 
thought he had some pieces of the skull 
hidden’ awa\ When I arrived at the 
country school and with the piincipaTs 
help found Geit playing outdoors, the 
boy drew bom his trouser pocket four 
of the most beautiful fossil teeth ever 
found in the world’s history Two of the 
lour fitted on the palate Barlow had 
given me. The other two had been 
weathered off. I promptly bought the 
teeth from Gert and put them in my 
pocket. Gert told me he had another nice 
piece hidden away So with the princi- 
pal's delighted agreement I stayed and 
lectured to the teachers and pupils on 
caves and bones until school was dis- 
missed for the day. Then Gert took me 
up the lull and drew out from his hiding 
place a very fine jaw with some beauti- 
ful teeth. 

In the next few days we sifted all the 
ground in the close neighboihood and 
recovered nearly every scrap of tooth 01 
bone in the place. When all the bits were 
cleaned and joined, it was found that 
we had the greater pait of the left side 
and of the right low ei jaw of a very fine 
skull, with many of the teeth well pre- 
served. The skull differed m a number 
of characters bom that found at Sterk- 
fontein, and it had a larger brain. In 
some respects it was moie human; in a 
few, less human. We described it as a 
new genus named Pamnthropus robus- 
tus . 

Some English critics considered that I 
was too darmg in identifying two en- 
tirely new genera on the basis of skulls 
which they thought were piobably only 
adult skulls of the Taungs ape. Julian 
Huxley kindly wrote me suggesting cau- 
tion. Of course the critics did not know 
the whole of the facts. When one has 
jealous opponents it does not seem -wise 
to let them know everything. When 
later we found the jaw of a baby Paran- 
thropus, we discoveied that not Wv are 
the Taungs, Sterkfontein and Kromdraai 
ape-men different geneia, they perhaps 
belong to different subfamilies. 

Although work at the caves was al- 
most entirely stopped during the war, 
we had plenty of material collected to 
keep us busy. At the beginning of 1946 
a book was published giving a full ac- 
count of all the ape-man remains that 
had been found up to that date. The 
book created a considerable sensation in 
the scientific world. The National Acade- 


m\ of Sciences m Washington has just 
awaided me the Elliot Medal foi it, 
as the most impoitant woik m biology 
published in 1946. 

I N August, 1947, Geneial Smuts 
phoned to ask me to see him. He 
recognized that we weie discovering the 
origin of man, and that the woik at the 
caves must be earned on He told me 
that whatever money I required would 
be piovided by the Government. Alas, 
as soon as Geneial Smuts had left on a 
trip to England and America, our His- 
torical Monuments Commission, which 
believes it has dictatorial lights to de- 
cide who is to be allowed to hunt for 
fossils, and how the woik is to be done, 
intervened and warned me I would not 
be allowed to excavate except under 
conditions which I regarded as insult- 
ing I was to be allowed to work only m 
collaboration with a “competent field 
geologist,” who was to be consulted 
whenever a blast was contemplated. To 
continue on such teims was impossible, 
and I had to wait till Genei al Smuts re- 
turned from America. When he came 
back at Christmas he again phoned me. 
He seemed very angry, and told me to 
carry on. 

I started work at Kromdiaai and 
woiked there for thiee months. Then 
the Historical Monuments Commission 
sent me a “permit” to continue work at 
Kromdraai. Since they did not send me 
a “permit” to work at Sterkfontein, I 
immediately stopped woik at Kromdraai 
and started at Sterkfontein without a 
“permit ” 

At Sterkfontein we found a crushed 
palate of a young ape-man and part of 
the upper jaw of a baby. On April IS, 
1948, a lucky blast revealed a perfect 
skull of an adult female This is the 
finest fossil skull ever discovered— more 
important than the Pithecanthropus 
skull of Java, the jaw of Heidelberg man 
or the skulls of Peking man. Those were 
all remains of early man. This was the 
skull of a being not yet man but nearly 
man. The skull is practically human m 
all respects, except that the brain is 
small— only 480 cubic centimeters. 

Of course the discovery was much too 
important to please the Historical Monu- 
ments Commission, especially as it had 
been made by defying them and by 
breaking the law. They sent a deputa- 
tion to General Smuts protesting that in 
my excavations I paid no attention to 
stratigraphy and was destroying valu- 
able historical evidence required for 
dating the specimens. Though there was 
no truth in the allegation, I was tempo- 
rarily stopped. However, B, V. Lom- 
daard, professor of geology at Pretoria 
University, was invited to look into the 
matter and reported that there was no 
stratigraphy whatever where I had been 
working, and that I was doing no harm. 
So they had to allow me to continue, 


though still undei absurd conditions to 
which I pay no attention 

Oui next discovery was an almost pei- 
lect male jaw, the most notable feature 
of which is that though the canine tooth 
is largei than m man it has been ground 
down m line with the other teeth exactly 
as m man. This never happens m males 
of the antlnopoid apes. Then we made 
an even moie impoitant find— a nearly 
pei feet pelvis. This structure, human m 
all essentials, proves that the ape-men 
walked on then hind legs. 

In October, 1948, Wendell Phillips of 
the Umveisity of California Expedition 
suggested that I might stiut work at a 
new cave deposit, he would finance the 
work and we could slnuc the lesults. It 
seemed to me a good plan Hundieds of 
caves are awaiting exploration. We 
staited at a promising deposit at Swart- 
kians, only a mile from the mam Sterk- 
fontein cave. Immediately we were 
amazingly successful. Within a few days 
we discoveied a lower jaw of a new type 
of ape-man much laigei than any we had 
known befoie. I named it Paianthropus 
ciassidens. 

While I was visiting the U. S. last 
March and Apul, my assistant, J. T. 
Robinson, discoveied at Swaitkrans a 
beautiful, nearly perfect lowei jaw. It 
is really huge, possibly larger than the 
giant jaw iiom Java that has been called 
Megantliropus by the Dutch anthro- 
pologist G. H R. von Koemgswald. It 
almost seems to confiim the view of 
the noted anthropologist Fnmz Weiden- 
leich that “there weie giants m the earth 
m those days,” as stated m Genesis. 

A month latei Robinson made an even 
more important discovery. In a pocket 
which must be of later date than the 
Swartkrans jaw, he found what appeals 
to be a human jaw. Though the molai 
teeth are a little largei than in Homo 
sapiens , they are not unlike those of the 
Java early man, Pithecanthropus. The 
ramus of the jaw is rather slender, and 
as the ascending ramus is low, we may 
assume it to be probable that the biain 
is neaier to the human type than m the 
ape-men. 

Since I i etui lied to South Africa sev- 
eral months ago we have discoveied 
three fairly complete but badly crushed 
skulls of the Swaitkrans ape-men. It is 
impossible yet to estimate the size of the 

RELATIONSHIPS between the 
skulls, jaws and thigh hones of sever- 
al primates are shown in the draw- 
ings on the opposite page. The crani- 
al capacity of Plesianthropus is not 
much larger than that of the chim- 
panzee, hut the characteristics of the 
skull are rather similar to those of 
Rhodesian man. The jaws of Paran- 
thropus and Plesianthropus are more 
massive than that of man. The thigh 
hone of Plesianthropus is more like 
man’s than that of the chimpanzee. 
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PRIMATE FAMILY TREE,, as proposed by Dr. Broom, places tbe ape-men 
Australopithecus, Paranthropus and Plesianthropus on the main branch 
of human descent. The modem apes came from a fairly early offshoot. 


biam, but most likely it will prove to be 
over 700 c.c. 

Meanwhile, at the Makapan Caves 
about 180 miles farther north, Dait’s 
party, woikmg under the Bernard Price 
Institute, has made discoveries of equal 
linpoitance. They have found a fine oc- 
ciput (real of the skull) of a female, part 
of a face, a good lower jaw of a young 
male, and part of a pelvis of perhaps the 
same young male. These aie ape-men of 
a diffeient type. Dait has called the 
genus Austin! opithecus prometheus , 
meaning file-maker. I agiee that it is a 
new type of ape-man, but I do not think 
there is any good evidence that he made 
fire. And I am not satisfied that the sup- 
posed bone implements are really imple- 
ments, as Dart holds. 

As the case stands at present, we have 
conclusive evidence that a family of 
higher primates which were piactically 
human, but with relatively small brains, 
lived m South Africa for piobably hun- 
dreds of thousands of years. While some 
hold that oui vaiious ape-men aie all 
varieties of one species, my own con- 
clusion is that there are five distinct 
types. I think it likely that some of the 
types date from the Upper Pliocene— and 
just possibly the Middle Pliocene. Otheis 
piobably survived into the Lowei Pleis- 
tocene. This dating is at piesent uncei- 
tam, some believe that most oi oui types 
aie Pleistocene. 

Quite ceitain it is that our ape-men 
ran on then hind feet, and that the hands 
were too delicate to have been used for 
walking. It seems piobable that they dug 
out moles and haies with some kind of 
implement, and killed small baboons 
and dassies (the “conies” of the Bible) 
for food. If they made weapons and tools 
we may have to call them “men.” In any 
case they were neaily men. And the 
small jaw lecently discoveied might be 
taken as a link between the ape-man and 
a true piimitive man such as Pithecan- 
thropus or the Heidelberg man. If so, the 
chain horn a being that some consider 
to be an anthiopoid ape to man would 
be complete. 

But I personally do not think that the 
ape-men are anthropoids. I believe that 
the human line split off from the an- 
thropoids at least as early as the Lower 
Ohgocene, peihaps 25 million years ago, 
and that the nearest known type to man’s 
remote ancestor is not a chimpanzeelike 
ape but the little fossil ape Prophopithe- 
cus of Egypt. I suggest that the ape-men 
of South Africa came on a different line 
fiom the higher apes, and that one of 
them became the ancestoi of Homo 
sapiens 


Robert Broom is curator 
of vertebrate paleontology 
and physical anthropology 
at the Transvaal Muse- 
uni, Pretoria , South Africa . 
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Every worker wilh sensitized materials 
will find this new Kodak booklet a gold mine 
of valuable, up-to-the-minute information. 

The many recent advances both in sci- 
entific technics and in development of sen- 
sitized materials have opened new fields for 
research. And it is to supply scientific work- 
ers with complete data on the characteris- 


tics of many types of material available 
that this booklet has been prepared. 

Glance at the chapter headings shown 
above on the cover. Add to these dozens of 
charts and sensitivity curves and diagrams, 
and you get an idea of the wealth of in- 
formation this booklet contains. 

It is free— yours for the asking. 
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Announcement 

A T 11 a.m. on Septembei 23 President 
. Truman announced the end of the 
U.S. monopoly in atomic bombs. His 
announcement that the U.S.S.H. had 
produced an atomic explosion was based 
on a careful evaluation by scientists of 
certain unspecified evidence. Although 
his communique touched off much spec- 
ulation, the only authoritative informa- 
tion available to the public was Tinman's 
statement and the official U.S.S.R. com- 
ment broadcast two days later by Tass, 
the Soviet news agency. 

The President’s full statement: 

“I believe the American people to the 
fullest extent consistent with the national 
security are entitled to be informed of all 
developments in the field of atomic en- 
ergy. That is my reason fox making pub- 
lic the following information. 

“We have evidence that within lecent 
weeks an atomic explosion occurred in 
the U.S.S.R. 

“Ever since atomic energy was firs$ re- 
leased by man, the eventual develop- 
ment of this new force by other nations 
was to be expected/This probability has 
always been taken into account by us. 

“Nearly four years ago I pointed out 
that scientific opinion appears to be 
practically unanimous that the essential 
theoretical knowledge upon which the 
discover}’ is based is already widely 
known. There is also substantial agree- 
ment that foreign research can come 
abreast of our present theoretical knowl- 
edge in time/ And, in the three-nation 
declaration of the President of the United 
States and the Prime Ministers of the 
United Kingdom and of Canada, dated 
November 15, 1945, it was emphasized 
that no single nation could, in fact, have 
a monopoly of atomic weapons. 

‘This recent development emphasizes 
once again, if indeed such emphasis were 


needed, the necessity foi that tiuly effec- 
tive and enforceable international con- 
trol of atomic energy which this Govern- 
ment and the large majority of the 
members of the United Nations support/ 
The text of the Tass statement, broad- 
cast in English from Moscow: 

“On September 23 Mr. Tiuman, 
President of the U. S. A., announced that 
aceoidmg to data of the Government of 
the U. S. A., dm mg one of the recent 
weeks there had occuned m the U S.S.R. 
an atomic explosion. Simultaneously, a 
similar statement was made by the Brit- 
ish and Canadian Governments. 

“Following the publication of these 
statements in the American, British and 
Canadian piess and also in the press of 
other countries, there appealed numer- 
ous utterances which spiead alarm 
among bioad social circles. 

“In tins connection, Tass is empow- 
ered to declare : 

“In the Soviet Union, as is known, 
building woik on a large scale is in prog- 
ress— the building of hydroelectric sta- 
tions, mines, canals, roads, which evoke 
the necessity of large-scale blasting work 
with the use of the latest technical 
means, 

Tnsofai as this blasting woik has 
taken place and is taking place pietty 
hequently m various parts of the coun- 
try, it is possible this might draw atten- 
tion beyond the confines of the Soviet 
Union. 

“As for the production of atomic ener- 
gy, Tass consideis it necessary to recall 
that already on November 6, 1947, 
Minister of Foreign Affairs of the 
U.S.S.R. V. M. Molotov made a state- 
ment concerning the secret of the atom 
bomb, when he declared that this secret 
was already long ago nonexistent. 

“This statement signified the Soviet 
Union alieady had discovered the seciet 
of the atomic weapon and that it had at 
its disposal this weapon. 

“Scientific circles of the United States 
of America took this statement by V. M. 
Molotov for bluff, considering that the 
Russians could not possess an atomic 
weapon earlier than the year 1952. They, 
however, were mistaken, since the Soviet 
Union possessed the secret of the atomic 
weapon already in 1947. 

“As for the alarm that is being spread 
on this account by certain foreign circles, 
there are not the slightest grounds for 
alarm, 

“It should be pointed out that the So- 
viet Government, despite the existence 
in its country of an atomic weapon, 
adopts and intends adopting in the fu- 
ture its former position in favor of the 
absolute prohibition of the use of the 
atomic weapon- 



‘Concerning conti ol of the atomic 
weapon, it has to be said that conti ol will 
be essential m Older to check up on ful- 
fillment of a decision on the prohibition 
of production of the atomic weapon ” 

Name and Place Unknown 

I N the absence ol a “Smyth Report” 
from the U.S S.R., the Russian 
atomic explosion generated a lemarkably 
confusing crop of descriptions of the 
Soviet atomic energy enteiprise, which, 
for want of a more authoritative name, 
may perhaps be called the Moscow En- 
gineering Distiict. These accounts, gar- 
neied by the Western press from souices 
langing from unnamed Washington in- 
formants to “a Yugoslav xecently le- 
turned from the Soviet-Iranian border,” 
made up in circumstantial detail what 
they lacked in authority. They pioduce 
the following pictrne; 

“Atomgrad,” the Soviet center of 
atomic energy woik, is variously located 
“a few miles north of Erivan” in the 
Caucasus near the Sovict-Turkish bor- 
der; at “Ukhla, deep inside Russia”, near 
Tobolsk, in central Russia; “beyond the 
Urals”; “in eastern Siberia.” 

The power of the Soviet explosion is 
described by one source as less than that 
of the Alamogordo bomb and by others 
as greater than that of any U.S. atomic 
bomb except the latest ones tested at 
Emwetok. 

The date of the explosion is stated on 
reliable authority to have been July 10, 
early in August, around September 1, 
and September 12. “Reliable sources” m 
Paris declare that French engineers re- 
cently detected not one but three atomic 
explosions in Russia. 

The explosion was detected in (a) 
Geimany, (b) Fiance, (c) Iran, (d) 
Scandinavia, (e) Japan, or perhaps (f) 
Alaska, According to Time , “patrolling 
bombers, sniffing at the winds that blow 
out of Russia, picked up the radioactive 
cloud [and followed it] for thousands of 
miles.” 

The Russians learned how to make 
the bomb from the Smyth Report and/or 
spies in the U.S., Canada and Britain. 
Alternatively, or concurrently, they have 
had an atomic bomb project of their own 
since 1943, under the direction of NKVD 
Chief Lavrenti P. Beria, who would thus 
be the General Groves of the Moscow 
Engineering District. 

The most detailed report, published in 
the Paris newspaper Figaro under the 
by-line of a Yugoslav traveler to Iran, 
describes “Atom grad” as a collection of 
huge underground laboratories in the 
valley of the Sanga River 30 miles north- 
east of Envan. Built m 1946, it has 
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70,000 woikeis, among them 15,000 sci- 
entists and technicians, employed in ioui 
scpai ate sections. 1) pielimmary lefin- 
ing of uiamum, 2) punfication of uia- 
nium, sepai ation of XJ-235 and extraction 
of plutonium, 3) plutonium reseaich 
laboi atones, 4) a medical lesearch cen- 
tei. Each section is sui rounded by a high 
coneietc wall and no one is evei dis- 
cliaiged oi allowed to leave. The Soviet’s 
decision to place its atomic eneigy pio|- 
ect in this vulnerable legion neai the 
boideis of Tui key and Iian is explained 
on the giound that the U.S.S.R. had no 
othei convenient water-power sites avail- 
able 

How much tiuth theie may be m this 
potpouiri of rumoi only the Soviet Gov- 
ernment and peihaps some U.S. and 
British intelligence officers know. The 
secrets of the Soviet woik m atomic en- 
ergy since the war certainly have been 
as closely guarded as those m the U.S. 
Outside of intelligence ciicles and the 
custodians oi high policy to whom they 
leport, no data aie available loi any kind 
of informed guess as to how the Russians 
managed to build an atomic bomb so 
soon and what the scale of then present 
opeiations is. 

Certain (acts, hovvevei, are known. 
The underlying scientific principles and 
some ol the technological lequiiements 
foi a uuimmn chain leaclion were widely 
discussed among European physicists as 
early as 1939. Since the war U. S. atomic 
energy officials have unearthed and 
tianslated a mimbei of early technical 
papers by European woikeis which show 
a surprising knowledge of the pioblems 
latei tackled by the Manhattan Distiict. 
Thus a Geiman physicist, S. Flugge, late 
in 1939 published m N atunvissenschaft- 
cn a papei called. “Can Nucleai Eneigy 
Be Utilized for Practical Purposes?” In 
it he discussed the conditions for a chain 
reaction, the amount oi eneigy that 
would be released, the measurement of 
the luanium capture ci oss-sec tions foi 
thermal neutrons, the absorption of neu- 
trons by fission pi oducts, the critical size 
of a bomb. The Russians weie not be- 
hind the Geimans m the investigation of 
atomic energy. At a meeting of the Soviet 
Ph\sical Society in June, 1941, Soviet 
physicists presented seven papers on nu- 
clear fission. These showed that the state 
of then knowledge in this field was close 
to that in the U. S. at the time. 

It is known that at the end of the war 
the U.S.S.R. had a nucleus of first-rank 
physicists for nuclear reseaich, including 
Peter Kapitza, Abram Yoffe, Y. I. Fren- 
kel, Igor Tamm, P. I. Lukirsky, Lion 
Landau, Pavel Cherenkov and Dmitri Y. 
Skobeltsyn. It is also known that after 
the war the Soviet Union recruited sev- 


eial Geiman atomic physicists, among 
them Gustav Heitz, wmnei of the 1925 
Nobel prize in physics. The U.S S.R. 
launched intensive uianium mining op- 
eiations, involving many thousands of 
woikeis, at the famous pitchblende 
mines ol Joachimsthal, Czechoslovakia, 
and m Saxony, Germany 

It was upon these tacts, and upon an 
appuusal of the technical pioblems to be 
solved and the general state of Russian 
technological development, that U S. 
atomic scientists based their estimate 
that the Russians would achieve an 
atomic bomb m 1952. The fact that they 
achieved it in a much shoitei time 
means, as Samuel K. Allison of the Uni- 
versity of Chicago has said, that the U.S. 
must “revise radically upward” its esti- 
mation of Soviet technology. 

Detection 

A S fai as detection is concerned, the 
. difference between the Hist atomic 
explosion in history, at Alamogoido, 
N. M., and the ninth, somewheie m the 
U.S.S.R., was like the difference between 
an infant’s initial oblivion to fiie and its 
later experienced recognition. When one 
knows the signs to look foi, a iiunt smell 
ol burning or a wisp of smoke may be 
evidence enough. The experience gained 
from the observation of the eight atomic 
explosions horn Alamogordo to Eniwe- 
tok undoubtedly was sufficient to enable 
U.S, lookouts outside the U.S.S.R. to 
detect evidence of an atomic explosion 
m that country. It is safe to say that 
President Truman’s announcement was ; 
based on an unambiguous accumulation i 
of cross-checked evidence, possibly gatli- 
eied from a number of stations. 

Obviously Geigei counters gave the 
most impoitant evidence (aside from 
possible espionage). An atomic blast 
such as the one at Hnoshima leleases an 
amount of radioactivity equivalent to 
that of 1,600 tons of radium. The clouds 
of radioactive matenal, made up of some 
50 diffeient types of atoms, emit a variety 
of radiations— neutrons, alpha particles, 
beta lays, gamma rays From the stand- 
point of long-range detection, only the 
beta lays are of much importance. Neu- 
trons quickly disappear hom the radio- 
active clouds; within a second after the 
explosion, most of them have been ab- 
sorbed by hydrogen, nitiogen and other 
gases of the aii. Alpha radiation also is 
relatively temporary in the clouds, for 
alpha particles come mainly from unfis- 
sioned uranium atoms, which are so 
heavy that most of them soon settle to 
the earth. Thus the traveling clouds of 
radioactivity are reduced largely to 
masses of relatively light fission products, 



In building one of the more powerful 
betatrons now In use, Dr. E. C. Gregg 
of Case Institute of Technology, Cleve- 
land, Ohio, specified Silicone -glass 
tape and Dow Corning Silicone varnish 
to insulate the inner “bucking" coil. 
This coil of Silicone-gfass insulated 
copper tubing operates at 3250 yolts 
and dissipates beat in the order of 
2500 watts. Silicone Insulation was 
used here and in many other parts of 
the betatron because of its exceptional 
heat stability, moisture proofness and 
arc resistance. 

In the Case betatron as in thousands 
of industrial motors, transformers and 
solenoids, Silicone (Gass H) Electrical 
Insulation, made possible by the devel- 
opment of Dow Corning Electrical In- 
sulating Varnishes and Resins, gives 
longer life and greater reliability 
under severe operating conditions. 
Applications range from miniature 
plug jacks for portable telephone com- 
munications systems through light 
weight, totally enclosed industrial mo- 
tors and portable welding transformer 
coils to this 3 Vinton betatron. 

If you have an electrical insulating 
problem, call our nearest branch office 
or write for our new booklet AG11 
on Dow Corning Silicone Electrical 
Insulation, 

DOW CORNING CORPORATION 
MIDLAND, MICHIGAN 
Atlanta * Chicago # Cleveland * Dallas 
Los Angeles * New York 
tn Canada. Fiberglas Canada, Ltd., Toronto 
In England; Albright and Wilson, Ltd., London 
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Dozens of firms, -faced with an 
"Impossible" problem In the research 
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the successful solutions they got are 
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emitting beta pai tides. A Geiger countei 
equipped with a window that screens 
out the alpha lays fiom n atm ally radio- 
active elements in the earth is extremely 
sensitive to the beta radiations of atomic 
bomb fi agments m the air. 

The problem is to distinguish such 
radiation fiom the normal “background” 
of cosmic rays at the place wheie the 
counter is located. Cosmic radiation va- 
ries with latitude, longitude and altitude 
above the earth. At the 40th latitude, 
that of San Fiancisco and New Yoik, 
the cosmie-iay background at sea level 
aveiages about 10 to 15 counts a minute 
m a counter of oichnary size. In a plane 
at 40,000 feet the background count 
uses to 800 to 1,200 a minute, and bal- 
loons at 60,000 to 70,000 feet have le- 
corded counts of 3,000 and more per 
minute. A lecordmg of ladiation which 
is more than 20 to 30 per cent above the 
normal background at any location 
would, in the absence of any known ex- 
planation, be consideied significant evi- 
dence of an atomic explosion. 

How fai might a ladioactive cloud 
drift before it thinned out to the stage 
wheie it could no longer be detected? 
Reports published in The Physical Re- 
view aftei the New Mexico and Bikini 
tests give some idea of the langc of de- 
tection. About 59 hours altei the Alamo- 
gordo bomb exploded on July 16, 1945, 
A. W. Coven at the Naval Academy in 
Annapolis— some 1,400 miles away- 
found that the aiTs radioactivity had 
neaily doubled. Some 108 hours after 
the fust Bikini explosion, G. Heizog of 
The Texas Company’s Geophysical Labo- 
ratory m Houston, 6,800 miles away, ob- 
served sharp increases in radiation which 
lasted several hours. Thus the range of 
detection of an atomic explosion, given 
favorable wind conditions, may conceiv- 
ably be as much as seveial thousand 
miles. 

Much less helpful than the Geiger 
counter, but useful for checking its evi- 
dence, are the seismogiaph and the 
miciobarogiaph. After counters picked 
up an mciease in radiation, seismologists 
would look back at the shocks recorded 
on their seismographs during the sus- 
pected period of the atomic explosion. A 
blast neai the surface of the earth can 
be distinguished from a deep eaith- 
quake. An earthquake produces, among 
other vibrations, “S” or “shake” waves, 
which oscillate at right angles to the di- 
rection of forward motion, A surface ex- 
plosion produces no shake waves, but 
mainly “P” or “push” waves, oscillating 
like those of sound. However, a seismo- 
graph obviously cannot identify the cause 
of an explosion, and its detection range 
is limited; the Alamogordo bomb just 
barely registered on seismographs at the 
California Institute of Technology about 
700 miles away. 

I The microbarograph, a standard 
weather instrument that can measure air- 
pressure changes of a fraction of an 


ounce, might piovide additional con- 
fumahon by iecorchng atmospheric 
shock waves. This device picked up the 
blasts oi the New Mexico test moie than 
700 miles away m California, and its 
range has since been extended. 

Theie lemarns anothei possible detec- 
tion method— analysis of samples of an 
foi radioactive fission products, such as 
weie detected m Indiana-manufactured 
stvawboard contaminated by pax tides 
hom the Alamogordo bomb (Scientific 
American, Octobei 1949). Studies of 
such samples might help to identify the 
fissionable matenal used m the bomb 
If the site of the blast could be located 
by means of seismograph triangulations 
and knowledge of the speed and diiec- 
tion of winds caiiymg radioactive par- 
ticles, a rough estimate of the powei of 
the bui st might be made by companng 
the intensity of 1 adioactivity with similai 
long-range measurements from the New 
Mexico, Bikini and Emwetok tests But 
these aie all simply speculative possi- 
bilities, theie is no indication of how 
much information the U S actually has 
on the Soviet explosion 

Electronic Printing 

F OR some 60 yeais the basic machine 
in modem punting has been the lino- 
type, which piepares wiitten matenal foi 
punting by setting, or casting, it on 
metal type-slugs. Recently a new ma- 
chine which may leplace the linotype 
and theieby levolutionize printing tech- 
niques was given its fust public exhibi- 
tion It is an electiomc device that 
dispenses with type altogether: by an 
ingenious combination of electncity and 
photogiaphy it pioduces printed lines on 
film fiom which engraved plates are 
made for the punting presses. It is 
claimed that the machine is four times 
as fast as the linotype and that eventually 
it will cut printing costs m half. 

Like the linotype, the new electronic 
machine is opeiated by a compositor at 
a keyboard. On a linotype machine, the 
operator pi esses the keys to lelease ma- 
trices, or molds, of the desned letters, 
a moving belt cairies the matrices to an 
assembly box, and after they form a com- 
plete line, which the operator “justifies” 
by adjusting the spacing of the woids, 
he presses a lever to diop the matrices 
into a mold and a plunger presses molten 
lead against them to cast the line. The 
new electronic machine, on the othei 
hand, is almost entirely automatic. The 
operator simply sets a dial for the de- 
sired length of the line and then com- 
poses the line by pressing the keys, 
arranged as on a standard typewriter 
keyboard. When he presses a key, he 
creates a pattern of electrical impulses 
representing the character. These succes- 
sive signals collect in a storage or mem- 
ory unit using telephone-type relays like 
those in a calculating machine; the stor- 
age unit automatically counts up the 
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chaiacteis until they complete a line, 
justifies the line and then sends the set 
oi signals on to the next stage. There the 
signal loi each leltei Luggeis a combined 
camei a and flashing stioboscopic light 
so that the camera at the conect moment 
photographs the appropriate lettei from 
a syncln omzed spinning glass disk con- 
taining all the keyboaid characters. The 
finished line appeals as a strip of de- 
veloped film. The entire piocess is com- 
pleted within five seconds As the 
opeiatoi types, the chaiacteis are also 
punted on ordinary typewriter papei, so 
he can see what he is composing and 
make coirections by 'Tubbing out” the 
wiong signals. When a full column ol 
lines is set, the photograph is ready foi 
engraving 

The machine was demonstrated in 
Cambndge, Mass., by the new Giaphic 
Aits Reseal ch Foundation, whose work 
is suppoited by 139 newspapers, punt- 
ing firms and other mteiested groups. 
Based on designs developed duiing the 
wai by two Fiench communications en- 
gmeeis, Rene A. Higonnet and Louis 
Moyroucl, the machine has been devel- 
oped to its present stage by Vannevar 
Bush and Ins associates at the Carnegie 
Institution, m collaboration with the two 
engmeeis. Because the printed film it 
pioduces must be converted into an en- 
graving to be usable on a printing press, 
the device thus fai is consideied practi- 
cal only for rotogravuie piintmg and 
some lor ms of lithography. Its applica- 
tion to letter-pi ess punting will depend 
on impiovements to reduce the cost of 
engraving. Commercial versions of the 
machine aie expected to be on the mar- 
ket within 18 months. Its developers say 
that it will compete m price with lino- 
type machines, which range from $5,000 
to $17,000. 

Climate and Houses 

A S eveiy meteorologist knows, there is 
no such thing as an “Ameiican cli- 
mate ” The climates of the vanous re- 
gions of the U.S. lesemble those of 
places as diverse as New Zealand, Great 
Britain and Japan. Yet most U.S. fami- 
lies, to the chagrin of architects, cling 
stubbornly to a standard Amencan archi- 
tecture. People insist on building th§ 
same Cape Cod cottages m Alabama, 
Kansas and California. 

To help introduce some climatological 
science into home-building, the editors 
of House Beautiful decided to put the 
existing technical infoimation on the sub- 
ject into palatable form for eonsumeis. 
For two years a staff of consultants un- 
der the direction of Paul Siple, militaiy 
geographer for the Army General Staff, 
has been analyzing facts on the climates 
of 117 U.S. cities which were collected 
by the W.P.A., the U.S. Weather Bureau 
and the American Society of Heating 
and Ventilating Engineers. In the maga- 
zine’s October issue, and at a recent 
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Vacuum belongs on the production line* already 
over 10,000 Kinney Hfgh Vacuum Pumps are 
working for Industry. Penicillin, titanium, elec- 
tronic tubes, coated mirrors, miracle drugs — 
these and many other of today's products de- 
pend on the low absolute pressures produced by 
reliable Kinney Pumps Whether you need a 
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BUHL POCKET MICROSCOPE 


A beautifully designed instrument built 
to highest optical standards Easy draw- 
tube selection of 40 to 6Q-power magnifi- 
cation, valuable to physicists, chemists, 
botanists, biologists, metallurgists, geol- 
ogists, physicians, inspectors, hobbyists 
and experimenters of all kinds 
Optical system has Huygens eyepiece, 
achromatic objective is corrected for 
spherical and chromatic aberration, giv- 
ing sharp, undistorted image throughout 
wide field Smooth action fine-focusing 
ad|ustment by means of Knurled microm- 
eter ring Integral polished reflector; no 
special illumination or stand required. 
Finished in handsome satin chrome and 
supplied with fine leather pocket case 
for field use. Price — $1 8.50 postpaid 

BUHL TRIPLET MAGNIFIER 


For the man who appreciates the finest, this compact 
!4-power magnifier satisfies every requirement Apian- 
atic cemented 3-element lens presents true, clear 
image to every edge of field No distortion, no annoy- 
ing color fringes Solid brass 
lens cell folds into protec- 
tive case Durable chrome- 
plate finish Price— SI K50 
postpaid 
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foium in New Yoik City, Siple s gioup 
presented some of its findings and con- 
clusions. It pointed out that a home- 
builder should considei the “macrocli- 
mate” of the region, the “microclimate” 
of his plot and the “kryptoclimate” in- 
side the house itself. 

The experts explain how the seasonal 
amounts of rainfall, wind, humidity and 
sunshine and temperature ranges should 
deteimine the design of a house. In 
Columbus, Ohio, for example, the tem- 
perature will be between 65 and 85 de- 
giees 28.1 pei cent of the year, which 
means that “28.1 per cent of ovei-all de- 
sign emphasis should be on open-door 
and outdoor living facilities.” As for 
microclimate, Helmut Landsberg of the 
Research and Development Board in 
Washington emphasized that the topog- 
raphy of the site may make a great dif- 
feience in sunlight and temperatme; the 
position of the house in relation to the 
sun can increase or decrease the amount 
of heat it receives by 85 pei cent or 
more. Landsbeig’s own house, situated 
to minimize the summer heat of Wash- 
ington, lies m a depression where a pool 
of sinking cool air lowers the tempera- 
ture by as much as 10 degrees. The 
placing of hedges and other vegetation 
near the house also helps to control the 
microclimate. The kryptoclimate m the 
house is controlled by proper use of in- 
sulation, windows, and so on. 

House Beautiful has published analy- 
ses of. the Columbus region and suburban 
New York, and plans to cover 14 more 
American cities and their environs by 
[illy, 1951. 
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International Laboratories 

T HE ill-supported and much-criti- 
cized United Nations Educational, 
Scientific and Cultuial Organization has 
proposed a dramatic gioup of projects 
for which it is about to seek approval 
from the UN. It seeks to establish a 
number of international research labora- 
tones. A Committee of experts of 
UNESCO has chosen three piojects for 
“highest piionty^—an International Com- 
putation Center, an Institute for Neuro- 
physiology and an Institute of the Hu- 
man Sciences. Preliminary plans have 
been approved by the Committee on 
UNESCO of the U. S. National Research 
Council and by a gioup of advisers to 
the UN’s Economic and Social Council. 
“The next move,” says the NRC Com- 
mittee, “is up to the Economic and So- 
cial Council.” 

The group unanimously agreed that 
an International Computation Center, 
equipped with modern mathematical 
machines, was a great need m Europe; 
because of the high cost of such ma- 
chines continental European scientists 
have no computing laboratory. The cen- 
ter would be used not only in pure re- 
search but also in the study of statistical 
problems in" economics, population and 


agriculture The Institute for Nemo- 
physiology also was chosen to fill a need 
m a i datively uncovered field. The pur- 
posed Institute of the Human Sciences is 
intended to spiead existing knowledge m 
the social sciences, and to conduct re- 
seaich on how to mciease the effective- 
ness of international cooperation, includ- 
ing that of the UN itself. 

Elements Renamed 

T HE naming of chemical elements, 
like the naming of babies and break- 
fast ceieals, is governed moie by inspira- 
tion than by logic. A new element is 
generally named by its discoveier, and 
he is bound by no rules. Since the same 
element may be given different names by 
independent discoverers, and even a um- 
vei sally acknowledged discoveiy may go 
by different names in different countnes, 
a certain amount of confusion develops. 
The final autlioiity for lesolvmg these 
confusions is the Commission on Inor- 
ganic Nomenclature of the International 
Union of Chemistry, Recently the Com- 
mission met in Amsterdam, with icpie- 
sentatives from 30 nations present, and 
made some official decisions. 

The one that will cause the gieatest 
readjustment in the English-speaking 
world is its renaming of tungsten, ele- 
ment 74, This commonly used metal is 
henceforth to be known in tire U.S. and 
Biitain, as it already is m other eountnes, 
as wolf 1 am, after the mineral wollramite, 
from which it was first separated. The 
name will now be consistent with the 
element’s chemical symbol, W, 

The case of element 61, a raie earth, 
presented the Commission with a knotty 
pioblem. University of Illinois chemists, 
leportmg its discovery in 1926, named it 
“illinium.” Chemists at the University of 
Florence in Italy later claimed to have 
identified the substance more accuiate- 
ly, and they named it “floientium.” In 
1941 workers at Ohio State University 
gave it still another name, “eyclomum,” 
after the cyclotron with whose aid they 
claimed to have isolated it. Finally 
chemists at the Oak Ridge hot chemistry 
laboratoiy discovered a fission product 
which was identified beyond question as 
element 61, and they gave it a fourth 
rjflme— “prometheum,” after the Greek 
god of fire. The Commission decided to 
accept this as the official name, but 
changed its spelling to “promethium.” 
Othei mlings of the Commission; 
Element 4, known both as beryllium 
and glucinium, is now officially beryl- 
lium. 

Element 41, called columbium in the 
U.S., is to be called niobium, in defer- 
ence to prevailing international usage. 

Element 43 is to be technetium, the 
older name, masurium, is dropped. 

Element 71 is to be lutetium instead of 
lutecium (it was named in 1907 after 
Lutetia, an ancient name for what is now 
Paris) . 
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Element 72 is officially eonfii med as 
lia imam 

Element 85, a nntuiully raclioactivc 
substance, is to be known as astatine, 
iiom the Greek “astasia' 1 meaning un- 
steadiness, as suggested by Umvei sity of 
California chemists m 1940 

Element 87 is francium, for Fiance, 
wlieie it was disarmed m 1939 

Element 91 is protactinium instead of 
pi o to actinium 

Elements 93 to 96 aie officially con- 
firmed as neptunium, plutonium, ameii- 
ciutn and cunum respectively. 

The Commission postponed toi deci- 
sion at a future meeting a pioposal that 
the names of certain well-known ele- 
ments be changed to agiee with their 
chemical symbols. It was pioposed that 
gold be called “am nun,” sodium “uat.ii- 
um," tin “stannum” and potassium “kali- 
um.” 


Safer Injections 

T HE injection of piotein fluids into the 
veins as a method of emeigency 
feeding lias lecently been widely adopt- 
ed as a life-saving measuie in many con- 
ditions— seveie bums, starvation, gastiic 
cancer, m pieparution lor major surgciy, 
and so on. but piotem shots are some- 
times dangcums; they may produce al- 
leigie leactums and seven e shock. Tins 
danger may be avoided by injecting 
ammo acids, the building blocks of pio- 
teins, instead of the proteins themselves. 
The difficulty, howevei, is tliat an ammo 
acid is made up of two types of mole- 
cules, called “F 1 and “cl,” and only the 
1-acids are dcsiiable. The chemical sepa- 
ration of 1-molecules hom d-molecules is 
tioublesome and costly. 

Now it appeals that a gioup of bio- 
chemists at the National Cancer Institute 
ol the Public Health Seiviee have solved 
the problem. Then discoveiy was a by- 
pi oclucl ol another investigation. The 
gioup, headed by Jesse P. Grccnstcin, 
needed a huge supply of pure 1-acids loi 
a study of piotem metabolism m cancel . 
It oceuned to them that Lhey might be 
able to separate the l-moleeules from the 
d-molecules m amino acids by a biologi- 
cal technique using enzymes, which 
would be much simplei than the labori- 
ous chemical piocesses previously used. 
Digestive enzymes aie known to act only 
upon the 1- molecules m ammo acids. The 
mvesligalois mixed specially treated 
amino acids with animal tissues that con- 
tained enzymes. Altei allowing time loi 
l he enzymatic reactions to take place, 
they were able to extract puie 1-acids 
with alcohol. By this method they have 
separated the 1-molecules m 16 amino 
acids. 

The process greatly i educes the cost 
of producing the 1-acids and for the first 
time makes it practicable to use them in 
inti a venous feeding. For example, a gram 
of 1-methionine, which formeily cost 
$6.50, can now be made for 30 cents. 
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FIRST PHOTOGRAP H came from the 200-inch on J an- 
naxy -6.lt is a 15-minute exposure of NGC ( an abbrevia- 
tl0n of General Catalogue) 2261 made under poor- 


seeing conditions. NGC 2261 is a comet-shaped mass of 
gas illuminated by a star at its apex. It is in our 
own galaxy at a distance of a few thousand light-years. 
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Presenting a portfolio oj noteworthy plates made 
with the 2 00 -inch mirror before it was dismounted 
from the Hale telescope for its final retouching 


by Edwin P. Hubble 


T HE Gist photogniphs made with the 
200-inch Hale telescope on Palomai 
confinned the most optimistic pie- 
dictions of its designers. They recorded 
nebulae at least loiu tunes as faint, and 
lienee twice as far away, as had ever been 
photographed before. This early result 
was bettei than we had any light to ex- 
pect, because the photographs wcie 
made at a time when fuither woik still 
had to be done to bring out the lull 
power of the mirror. When the nniror is 
adjusted to its maximum efficiency, its 
range should surpass all advance expec- 
tations. 

The 200-mch mnror, which weighs 
about 15 tons, must be supported so that 
it can be tipped from horizontal to verti- 
cal without sagging enough to distort the 
figure, or cmve of the mirroi-iacc, ap- 
preciably. Because the tolerances aie 
measured m fractions of wavelengths of 
light, the adjustments are a tedious busi- 
ness, and they proceed moie and more 
slowly as perfection is approached. The 
ultimate goal is to concentrate the light 
from a star in a circle at the focus of 
the mirror less than .002 inch in diame- 
ter ( comp ai able with the resolution of 
fast photographic emulsions) regardless 
of how the mirror is tilted. At the start 
the images were about 10 times the 


desired size, t.e ? the resolution was only 
one tenth as sharp as our goal. 

T HE effectiveness of a telescope de- 
pends on two qualities: its light- 
gathering power and its resolution. The 
first obvious adjustments brought the 
200-mch to its full light-gathering pow- 
er . At that stage the telescope could have 
been used efficiently for any research 
woik that did not le quire fine definition. 
Furthei adjustments soon i educed the 
optical images to the limit of resolution 
on nights of poor “seeing," that is, when 
the twinkling and dancing of stars is so 
great that, magnified by the telescope, 
they produce large images on the photo- 
graphic plate. By the end of 1948 still 
iurther adjustments had lefined the op- 
tical images to the point where they weie 
only about twice the desired size, and 
the telescope was considered to be ready 
for work under aveiage seeing condi- 
tions. It then became obvious that to 
make further progress, so the telescope 
would he sharp enough to take advan- 
tage of the very finest seeing conditions, 
would requiie a major operation on the 
mirror. 

The trouble was in the figure of the 
mirror. The outermost 18-inch zone was 
too high by a few millionths of an inch, 


and it could not easily be bent into shape 
by the supporting mechanism. So it was 
decided to “retouch," that is, to rub down 
the offending zone. For this work the 
mirror was dismounted and laid on the 
flooi of the dome and its aluminum re- 
flecting coat was removed The i ubbmg 
had to pioceed very cautiously in ordei 
to avoid undercutting the proper figure. 
Each two-hour session of rubbing was 
followed by two weeks of testing on the 
telescope. This job, which began last 
May, has now been completed, and the 
telescope will again be readv foi use this 
fall. 

Before this operation was performed, 
some 60 pliotogiaphs weie made to re- 
cord the performance of the telescope as 
it was at the time. It is these photo- 
graphs, the fix st to be made under noi- 
mal observing conditions, that constitute 
the product of the 200-inch to date. 
About half a dozen of them represent the 
full power of the telescope under average 
seeing conditions. Some of the most sig- 
nificant photographs are shown on these 
pages. 

The first photograph with the 200- 
mch ( opposite page) was made on Janu- 
ary 26, 1949. It was a 1 5-minute ex- 
posure under poor seeing conditions of 
the galactic nebula NGC 2261. This ex- 
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SPIRAL NEBULA was photographed hr the 200-inch 
telescope on April 26, shortly before the Lirror waTre 
moved and rts outer 18 inches rubbed down. TheSrda 


ye«?aw?vf, , -l! l ar * Y T about seven million light- 

X Sr T U r ? WB * E T en at tllis distance 200- 

nch mirror is able to resolve a few of the brightest 
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posuie was made meiclv as a prelimimuy 
tiial of opeiations and mechanisms in- 
volved in woi king xn the prime-focus 
cage— a six-foot ban el suspended in the 
top of the telescope tube, directly ovei 
the center of the main mirror. Everything 
worked perfectly, but the images weie 
so lax ge, due to the poor seeing, that the 
plate has no gieat scientific value. It will 
be picscived largely for sentimental 
reasons. 

The following night, with seeing im- 
proved but still below average, scveial 
series of shoit exposuies were made with 
different apeitures to study the star im- 
ages. There were also a few longer ex- 
posures of well-known nebulae, made to 
determine the maximum exposuie possi- 
ble without too great interference irom 
the hunt luminosity of the sky back- 
ground. The limit with full aperture, 
using the very sensitive Eastman Kodak 
emulsion 103-a-0, was found to be about 
one hour. Longer exposures would mere- 
ly fog the plates without registering any 
fainter objects, 

W ITH these preliminary tests com- 
pleted, the observer settled down 
to wait for better weather. January was 
a stormy month. He had waited a week 
for the first plates, and the clouds had 
closed in once more. Four days later, 
January 31, the oppoi tunity came. The 
night was clear. Although the seeing was 
poor at the stait, it improved steadily, 
and dining the last three hours lief ore 
dawn it could be rated as average. The 
critical tests were made during these 
hours. 

Selected Aiea No 57, a random sam- 
ple of the sky m Coma Berenices, near 
the pole of the Milky Way, had been 
chosen as a suitable test field. It had 
been thoroughly studied beforehand, 
and accurate measures of appaicnt 
brightness had been established foi a 
sequence of increasingly faint stars, 
reaching to the limits of the 100-inch re- 
flector on Mount Wilson, the largest tele- 
scope theretofore in operation. On this 
night, as in the preliminary test, short 
exposures were made with different 
apertures, and another set was made 
with increasing exposuie times at the full 
aperture. 

It was found that with apertures up 
to 160 inches, the faint-star images were 
as small as the seeing permitted, but with 
full aperture they were perceptibly 
larger (about .003 inch). This degree of 
spieading of images was expected; it was 
accounted for by the imperfect edge of 
the mirror, and it will be corrected by the 
retouching of the mirror that has just 
been completed. 

The most welcome result of the test 
was the faintness of the stars recorded 
on the plates. The faintest stars that the 
100-inch telescope had been able to re- 
cord with the longest possible exposures 
were registered by the 200-inch after 


SPIRAL NEBULA was photographed by the 
200-mch on April 27. It is NGC 3359, astellarsystem 
about six million light-years away. Here, as in the /hoto- 


graph on the preceding two pages, the 200-inch mirror 
has resolved a few individual stars. These may now be 
compared with the brightest stars in our own galaxy. 
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EARLY-TYPE SPIRAL NEBULA was plioto-ranhed 
on January 31. It isNGC 2685, a system about five million 
bghuyears away. Nebulae of this type do not obtain 


snfralf T1 f 1 ? 1 *, as are found in the late-type 

spirals. Thus the brightest stars in this nebula are not 

i esolved. Original plate has been magnified 17.5 times. 
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exposuie of only five to six minutes In 
a lull exposure of 60 minutes, the 200- 
mch accumulated 10 to 12 times as much 
light as in the shoiter exposuies. This 
does not mean that it coukl reach stars 
10 to 12 times fainter, for the nature of 
photogi aphic piocesses limits the rate of 
image- making. It did, howevei, leach 
stars which are estimated to be at least 
foui times fainter than the extreme limit 
of the 100-mch. This achievement, which 
represents the ratio of the light-gathering 
power of the 200-mch to the 100-mch, 
was all that had been expected, even 
with the best definition. Evidently our 
piedictions had been overcautious, for 
the 200-inch Mall eventually do much 
better than this. With a clean minor ( the 
tests were made with a rather grimy 
coat) and the correction of the minor 
that we have smce made, it should be 
possible to reach stars perhaps 20 per 
cent fainter than those recorded in last 
Januaiy s test. In astronomical language, 
the 200-inch should reach and possibly 
surpass the 2ord photographic magni- 
tude— stais more than 600 million times 
fainter than the faintest that can be seen 
with the naked eye. 

E VEN MORE impressive than the 
faint stars on the photographs were 
the faint nebulae. These nebulae are 
great stellar systems, similar to our own 
system of the Milky Way. They are scat- 
tered thinly through the universe out as 
far as telescopes can reach. With long 
exposures the 200-inch xegisters many 
more nebulae than stais— evidence that 
the great telescope bleaks clean away 
from our own stellai system and ranges 
through the very depths of space. The 
faintest nebulae recorded appear as 
ghostly spots only a little largei than the 
images of stars. Twice as far away as any 
identified with the 100-mch, most of the 
threshold objects presumably are aver- 
age stellar systems at distances of the 
order of a thousand million light-yeais 
from us. Some perhaps are giant systems 
even more remote; a few may be dwarf 
systems closer to us. All of them are in- 
habitants of space beyond the reach of 
the 100-inch— space hitherto unexplored. 

Our photographing with the 200-mch 
continued through April The later pho- 
tographs confirmed, m a general way, 
the results of the first critical tests. The 
tests show quite clearly that the 200-mch 
opens to exploration a volume of space 
about eight times greater than that pre- 
viously accessible for study. The region 
of space that we can now observe is so 
substantial that it may be a fair sample 
of the universe as a whole. 


Edwin P, Bubble h As- 
tronomer and Chairman 
of the Research Commit- 
tee at the Mount Wilson 
and Palomar Observatories . 



GREATEST PENETRATION OF SPACE was achieved by the 200-inch 
telescope on January 31. This plate shows Selected Area No. 57, a random 
sample of the sky in the constellation Coma Berenices. It is a 60-minute 
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exposure representing the maximum power of the tele- 
scope under average seeing conditions. The plate shows 
a few stars and many nebulae. The latter appear as 


the smaller fuzzy spots. These nebulae are full-scale 
stellar systems. The faintest of them are at distances that 
average approximately a thousand billion light-years. 
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Being an account of the author's call upon the group 
of noted physicists at the universities of Manchester 
and Birmingham. Second in a series of three articles 


by Leopold Infeld 

I N DUBLIN the sky had been blue, and the author of a much-discussed book To me it seems that Blackett’s “lack of 

the air clear, the grass gieen, the on the strategic consequences of atomic objectivity,” if such a phrase has mean- 

waters sparkling. But two hours energy. ing heie, stems from another souice. He 

later, when we circled over London, sky, Blackett’s book is veiv well wntten, loves Europe, with its mosaic of nation- 
air and city were as gray as the problems and I am sure that no one who leads it alities, diversity of culture, and beauty 
of England. * can doubt the authors smceiity. Some of aichitecture. When Blackett gets to 

I had first seen this monstrously large of the reviews of the book, although talking on this subject, one senses that 

city some 15 years before when I ai rived written by fiist-class physicists, weie he feels an individual pain and horroi 

to spend two years at Cambridge. Lon- touched with venom, and were not ar- tor the ruin of each beautiful and ancient 

don then had seemed to me magnificent- gued on that detached plane of reason building that was destroyed by mdis- 

ly rich, though brooding and somewhat on which people inconectly imagine eliminate bombing m the late wai. No 

graceless. This time the impiession of that scientists always operate. One of the doubt these emotions color Blackett’s ai- 

wealth was gone. London was shabby, reasons foi the violent differences over gumenls. Who can be free ol them when 

its houses m need of paint, its inhabi- the book is, of course, that Blackett’s he contemplates the question of wai 

tants m need of a tasty meal, its hotels military arguments cannot be conclusive- and peace? 

m need of soap and towels But, to use ly proved or disproved except by actual Blackett and Rosenleld asked me to 
a platitude, everything is relative. After test in wai. Blackett himself is aware that visit the Umvcisily ol Manchester and 

a three-dav stay in England I went on his argument that the atomic bomb is not lecluic at its iheoietieal physics seminar 

to Poland, When I returned four weeks a decisive weapon does not take into ac- on my return lrom the Continent. I 

later from the ruined Continent, London count the possibility of the use of poison- gladly accepted the invitation, 

actually seemed blooming with opu- ons ladioaetive gases which may piove 

lence. Compared with Berlin, Warsaw more deadly than atomic bombs. This A FTER a torn -week trip to Poland, I 
and Wroclaw, the effects of bombing on pait of the book and the discussion came back to England for a one- 

London appealed negligible. around it seem to me faiily meaningless, week stay before going home to Canada. 

Before I left for Warsaw, the Polish The histoiy of wars should have taught My fiist visit was to the University of 

Ambassador m London and his beautiful us by now that their lealities are always Birmingham. I bought a fiist-class ticket 

wife gave a dinner party for me, to which different from the predictions of quarrel- from London to Birmingham. This 

they invited scientists. I was especially mg scientists and strategists. Peihaps an turned out to be a mistake, as far as 

pleased and honored that the well- imaginative artist like H G. Wells has oppoitumties foi conveisation were con- 

known physicists P, M. S. Blackett and more chance of guessing right than a cerned. European tram compartments, 

Leon Rosenfeld accepted the invitation scientist. with seals facing each other, are made 

and came all the way from Manchester Aside from these debatable argu- for confessions. Passengers may unbur- 
to the dinner. I must admit that if I were meats, Blackett’s book contains some m- den themselves of then* life stoiies with- 
living in England and knew the quality teresting ideas and information, which out running the danger of le-encounter- 
of the Ambassador’s dinners, I too should should prove stimulating even to those ing then* confessois. On the Continent 
have accepted such an invitation, no who disagiee with the author. Most of conveisation is inevitable, but the British 
matter what bores I might meet. Before the leviews said that Blackett tavoied are more leticent. Near me m the com- 

I went to England I had no idea that the Russian plan and opposed the paitment to Birmingham sat two well- 

food could be so important. It is not so American plan for the control of atomic dressed gentlemen. They cairied on a 
much the scarcity of food that gets on energy. I did not find this m the book, desultory discussion, punctuated by 
one’s nerves as the tasteless way it is In fact, he has veiy warm words for the puffs on their pipes and tremendous 

cooked and served. Every successive “Acheson-Lilienthal” plan, as distin- stretches of silence. Dui mg the mfre- 

meal becomes anew ordeal, incieasingly guished from the later “Baruch” plan. quent breaks in these dead pauses, they 
difficult to face. One of my friends used Blackett contends that the original plan, leturned lepeatedly to a single theme: 
to say before the war that the English formulated by men of vision and ideal- the needs of the British Empire Their 
built an empiie because they were not ism, was taken out of their hands and diagnosis was that “we did not send the 
interested in good food or love-making used as a means of power politics. right kind of people to Canada and 

and had nothing else to do. Today both From our discussion at the dinner ta- Australia to build up trade,” and that 
empire and food seem to have deterio- ble, it was clear that Blackett still be- this situation must somehow be reins- 
tated in the same degree. (I don t know lieves eveiy word he wrote, and that his died. It was clear that they still regarded 

about the love-making.) critics have no more convinced him than Australia and Canada as colonies, and 

The dinner party was gay and mfor- he them. One spiteful remark often made only grudgingly recognized that the U. S. 
mah vv e talked late into the night. I had about Blackett is that he is too far left of had ceased to be one. I felt a great urge 
nevei met Blackett, whose name has re- center to he objective— as though there to intervene in the conversation, but 
cently become known to the general were one precise, predetermined posi- since on an English train this would have 
public as a winner of the Nobel prize tion from which objectivity is possible, been an unthinkable barbarism, I man- 
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tilled to 1 emam silent all the way to 
Birmingham. 

European cities can be bieath-taking- 
ly beautiful (c.g., Dublin, Cambiidgc, 
Cracow), but when a European town is 
ugly it is utterly so. Bnnimgham is ugly. 
The University ol Biimmghain, though 
pleasantly situated on a hill, with a spa- 
cious, green campus, has the ugliest uni- 
versity buildings I have ever seen m my 
life. The inhabitants of Biimmgliam con- 
sole themselves by claiming that the 
University of Manchester is still uglier. 
This is not true. Birmingham's chief 
building is a led buck mosque with a 
tiemendous glass cupola, flanked on one 
side by thiec wmgs with cupolas ol de- 
creasing size, and on the othei by a 
single wing with one cupola. The oppor- 
tunity to complete the structuie and 
coiiect this lack ol symmetiy passed 
away with the Victorian era, for no one 
would daie suggest building moie cupo- 
las now to round out the picture. Yet to 
leave the building unfinished is no solu- 
tion cither. The chance to destioy the 
building by bombs dm mg the war was 
missed, and I heard regicls on this score. 

Dominating the Birmingham campus 
is a huge led brick tower, also m bad 
taste. This ugly sliuctuie is called by 
physicists “the Poyntmg veetoi.” The 
term, well known to anyone who has 
studied the work ol the 1 9th-eentuiy 
physicist "fames Clerk Maxwell, lepre- 
senls a concept introduced by the late 
lohn II. Poynting a famous professor of 
theoretical physics at Birmingham. 

The department ol theoretical physics, 
one of the world’s best, is housed in tem- 
porary wooden banacks. It was lefiesh- 
mg to find the emphasis placed on men 
and not on buildings. The reputation of 
the school of theoretical physics in Bir- 
mingham is due laigely to one man— 
Rudolf E. Peierls. He has a rare ability 
to stimulate others. A relatively young 
man of 42, he kindles his group by his 
talks, lectures, arguments, questions and 
ability to arrive quickly at the essence 
of a problem. 

From Peieils, a German refugee from 
Nazism, I learned some interesting de- 
tails about the British end of the atomic 
bomb pioject, in which he played a lead- 
ing iole, receiving m recognition the 
awaul ol the Order of Commander of 
the British Empire. The idea of the 
atomic bomb was discussed by Peieils 
and Otto R. Frisch, another Geiman 
refugee, as early as the beginning of 
1940. Together with Sir fames Chad- 
wick, the discoverer of the neutron^ they 
approached the British Government with 
the suggestion that the idea be studied. 
A Government-appointed Commission 
that included Blackett and G. P. Thom- 
son decided early in 1941 that such a 
project was feasible. On the basis of 
what Peierls told me, it appears that the 
British started actual work on the bomb 
proposal before the U, S. The British 
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and U S. projects did not meige until 
1943 

Nowadays too many people aie in- 
clined to forget England’s great contri- 
butions to the knowledge of the atomic 
nucleus The golden age of atomic phys- 
ics m England, when Lord Rutherford 
was alive, seems to me to outshine any 
other in the history of expeiimental sci- 
ence. The pioneer wozk done in this field 
at Manchester and latei at Cambridge 
formed the foundations for the spectacu- 
lar work of physicists in Noith America 
Every scientist knows this It would be 
well if everyone else, even Senators, re- 
membeied it. Although England today 
has neithei the wealth nor the human 
scientific stiength that has gathered in 
Ameiica, it still has gieat science and is 
ahead of us m the appreciation of it. 

Birmingham's department of experi- 
mental physics has two full professors. 
The senior man is white-haired Maicus 
L. E. Oliphant, 48, one of Lord Ruther- 
foid's most talented students. He is a 
key man in England’s experimental work 
on atomic physics. Unfortunately Eng- 
land will soon lose Oliphant, for he is 
returning m a year or two to his native 
Australia The huge pioton synchiotion 
under construction in Birmingham, de- 
signed to accelerate protons to 1.5 bil- 
lion electron volts, is called ‘The white 
Oliphant.'’ When finished, it will be the 
biggest, most effective acceleiator in 
existence— provided it is completed be- 
fore some of the largei machines m the 
U. S , as seems likely. 

Our centuiv is witnessing a lace m 
atomic artillery which in the long run 
will have more significance than the 
vulgar competition in building atomic 
bombs. This race is the physicists' effort 
to build faster and faster atomic projec- 
tiles that will penetrate deeper and deep- 
er into the nucleus, with the hope of 
finding out more and more about its 
structure and the forces that bmd it to- 
gether. “The white Oliphant,” a colos- 
sal doughnut-shaped metal structure, is 
the latest word in the race so far, but no 
doubt it will soon become antiquated. At 
Brookhaven National Laboratory on 
Long Island and at the University of 
California, still moie powerful proton 
synchrotrons, of three billion and six 
billion electron volts respectively, are 
being built. The one at Birmingham, 
however, seems to be further along in its 
construction. The physicists' atomic artil- 
lery not only is becoming more powerful, 
it also is growing in numbers, populating 
more and more physics departments and 
other laboratories throughout the world. 
Indeed, the fever of this “armament” 
race has created a danger that the ma- 
chine will become a goal in itself, rather 
than a means of solving problems. 

At Birmingham the theoretical and ex- 
perimental work is focused on nuclear 
physics. Yet everything is open to in- 
spection. There is. no secret work. on the 


campus. Indeed, nowheie m England’s 
umvei sides did I see guaids watching 
ovei expeiimental laboi atones. 

F ROM Bumingham I went to Man- 
chester. I shall always regret that I 
spent such a short time there. The Um- 
veisity of Manchester, like Bumingham, 
is situated m an ugly city. Its English 
Gothic walls are black with grime. Yet 
its distinction somehow shines thiough 
its external shabbmess. 

It is impossible to describe biiefly a 
physics laboratory that deals with as 
many pioblems as Manchester's Black- 
ett decided to concentrate our tour of 
the laboratories on the work m cosmic 
rays, for which Manchester is most fa- 
mous. We climbed the high, elevator- 
less building by file escapes to its flat 
roof, wheie some cosmic-ray experi- 
ments, using 14 Geiger counters, were in 
progress The laboratory's equipment 
makes so many cosmic-iay photographs 
each day that a staff of specially trained 
gilds is employed to analyze them. 

In cosmic lays, nature grudgingly pro- 
vides us with a little information about 
the most elemental y and powerful forces 
of the univeise. These high-poweied 
natural projectiles tell us something 
about the creation and death of mattei 
The hope in building powerful acceleia- 
tois in the laboi atory is that we shall be 
able to produce some of nature's effects 
at will. I say some of them, because 
many of its phenomena demand eneigies 
which we cannot even dream of repro- 
ducing with oui pi ojec tiles. The ma- 
chines we aie building at great expense 
are as children's toys compared with the 
forces that play m space. 

I do not believe that experimental 
work alone will add much to our under- 
standing of thesfe forces. The history of 
science teaches us that great progress is 
usually achieved by indued guesses, by 
the formulation of theories by which 
known facts can be explained and new 
ones can be piedicted. A good theory is 
a guide through the unknown. In the 
case of cosmic rays, we still lack the 
illuminating flash of a good theory. All 
great theories of the past were built upon 
a few known facts. About cosmic rays 
we seem to know not too few, but too 
many facts. Without a theory, we cannot 
separate the important facts from the 
accidental ones. 

All tins suggests the difficulty of the 
problems with which Blackett and his 
group are grappling. Much of Blackett's 
scientific woik has bioad appeal not only 
to scientists but also to laymen. This is 
because he is interested in fundamental 
problems. . 

Blackett is known, among other things, 
as a eo-discoverei\ of the positron. This 
elementary particle, equal in mass and 
opposite in charge to the electron, is the 
child of a lawful marriage between the 
quantum and - relativity theories. The 


possibility ol its existence was foieseen 
by the Cambiidge physicist P. A. M, 
Dnac some yeais before it was actually 
observed. It was discoveied in 1933 al- 
most simultaneously and independently 
by Gail D Andeison at the California 
Institute of Technology, by j. C. Street 
and E. C. Stevenson at Haivard Univer- 
sity, by Blackett and G. P. S. Occhialmi 
at Cambridge Univeisity, and by Frede- 
ric and Irene Joliot-Cune m Paris. 

Diuing the last tlnee yeais Blackett 
has been working on another project 
which has evoked general mteiest all 
over the world— a new theory about the 
magnetic field of the earth. Blackett’s 
theory (oi, rathei, guess) is rejected by 
many physicists; I must admit that I be- 
long to the nonbelieveis. If it should turn 
out to be correct, howevei , it will be one 
of the most fundamental discoveries ol 
this centuiy. 

No one has evei suggested a satisfac- 
toiy theoiy to explain the earth’s mag- 
netism. Blackett's idea is that it is due 
to the earth's rotation. lie holds that all 
bodies of mattei produce a magnetic 
field when they lotate. It has been 
shown, of couise, that a spinning par- 
ticle m an atom has a “magnetic mo- 
ment." Blackett has written an equation 
which states that the poles ol the mag- 
netic field of a massive lotatmg body 
must lie on the axis ol rotation. (This is 
almost so m the case ol the earth, but 
the geographic and magnetic poles do 
not quite coincide.) PIis equation also 
declares that the “magnetic moment” 
characterizing the magnetic field is pio- 
poitiona! to the “angular moment” char- 
acterizing the rotation of the body. Just 
why lotational eneigy is connected with 
magnetic force is not, however, ex- 
plained. Blackett writes: “An explana- 
tion of this phenomenon must be sought 
m a new fundamental property of matter 
not contained m the structure of present- 
day physical theoiy.” 

The physicists' skepticism of Blackett’s 
theoiy denves m part from the fact that 
the experimental evidence he himself 
cites leaves some doubt as to the general 
validity of his equation. Plaiold D. Bab- 
cock’s beautiful expeiimental work at 
Mount Wilson Observatory shows that 
there are stais with a periodically chang- 
ing magnetic field. The axis connecting 
the magnetic poles seems to change, 
whereas the axis aiound which the star 
rotates apparently does not change, 
which contradicts Blackett's view that 
the two axes must coincide’. Moreover, 
the U. S. physicist Walter Elsasser and 
the British geophysicist Edward G, Bul- 
lard have recently suggested theories 
which indicate at least the possibility of 
another explanation of terrestrial mag- 
netism that would be consistent with the 
known laws of physics. 

Blackett's theory might be tested by a 
crucial experiment which in principle 
would be" very simple— construct a mas- 
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sivc spheie and then cause it to rotate 
As it begins to rotate, a magnetic field 
should appear Foi both technical and 
theoietical 1 casons, howevoi, such an ex- 
periment would be very difficult to pci- 
ioim II it should prove to be feasible, 
then Blackett, with his gieat skill m pie- 
cision expeiiments, is the man to do it. 
lie has found the problem of the earth’s 
magnetism altogether fascinating, and he 
has already done some experimental 
work at Manchestci on certain aspects oi 
it, such as the measurement of the varia- 
tion ol the eai til’s magnetic field with 
depth 

Theic aie other nnivcisities in Gieat 
Biitam wheie important work is going 
on m physics— Bnstol, Liverpool, Edin- 
burgh, Cambridge, Oxfoid. With re- 
markable devotion to the long view, the 
Bntish Goveinment has not extended 
its austerity progiam to science It has 
provided adequate means for research 
and recently raised the salaiies of uni- 
versity pci sound . I found an equal ap- 
preciation ol science in behind and 
Poland, the other European countucs 
that I visited. 

When I ai lived in London horn Man- 
ehestei to fly home, i found that I had 
made a mistake; my plane was not to 
take off until the next day. I used the 
extia day of grace to duve down to 
Cambridge, wheie l had once spent two 
thnlling yoais, 1 still think Cambridge is 
the most wondcuful place in the world 
Though England has changed, looks 
shabby, pool and depiessed, Cambridge 
xemains the same glorious town. The col- 
leges, Tiinity College court, the bridges, 
the willow bees bending ovei the mu row 
rivei— all these appear as beautiful as 
ever. Even the people seem the same. 
Though faces have changed, the new- 
comeis talk and behave according to 
eternal Cantabrigian rules. 

Tine enough, the Cavendish Labora- 
tory is not piceisely as it was 15 years 
ago. Cavendish then seemed the center 
of the universe. It was the golden flower 
of the golden age of physics m England. 
Tlicie m one leetuic room one could 
meet Loid Rutherford, J. J Thomson, 
Francis W. Aston, Charles T. R. Wilson, 
J. D. Cockcioft, Peter Kapitza, Max 
Born, R, H. Fowler, Blackett, Chadwick, 
Dirac, Ohphant and others whose names 
will long endure m the history of physics. 
Some are dead; others have moved to 
other universities to become leadeis of 
their own schools of research. Yet even 
these great changes seem but small fluc- 
tuations on the Olympian face of this 
imperishable institution. It is good to 
know that in this changing world there 
is an invariant point— Cambiidge. 
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Fluorocarbons 

The marriage of carbon and the reactive 
gas fluorine has resulted in a whole new 
family of stable and promising compounds 


by J. H. Simons 


T HE word fluorocarbons, which 
made a quiet entrance into the 
vocabulary of science about a dec- 
ade ago, has recently been leceivmg 
more lively attention, and it appeals that 
the frequency of its use will increase 
xapidly m the near future. It is the name 
foi an entirely new domain of chem- 
istry. It stands not merely for a new kind 
of laboratory curiosity but for millions 
of new substances, many of great utili- 
tarian value. These substances aie not 
found in nature, they are m the fullest 
sense a creation of modern chemical 
technology. Unknown to the ancients 
and unobtainable from nature’s stoie- 
houses, the fluorocaibons appear to be 
something new under the sun. 

The fluoiocaibons are chemical broth- 
ers of the hvdiocaibons, the immensely 
important class of substances that fuels 
our civilization. The hydrocarbons are 
compounds of carbon and hydrogen, the 
fluorocarbons, of caibon and fluorine. 
The fluorocarbon molecules m general 
have the same architecture as the corre- 
sponding hydrocarbons, the only differ- 
ence being that fluorine atoms instead 
of hydrogen atoms are used in their con- 
struction. Thus the fluorocarbons have 
some superficial resemblances to the hy- 
drocarbons. There the similarity ends In 
reactivity, stability and many other fun- 
damental chemical properties the two 
classes of substances are vastly different. 

Let us consider briefly how the con- 
trasting properties of hydiogen and 
fluorine account for these differences. 
All chemical elements are divided 
roughly into two general classes. 1) those 
that leadily react with oxygen, or react 
with acids to produce hydrogen, and 
2) those that readily react with hydro- 
gen. Hydrogen and carbon belong to the 
first class, they burn, or react with oxy- 
gen, quite readily, die former forming 
water and the latter carbon dioxide. 
Tills class of elements is called electro- 
positive. The element fluorine* on the 
other hand, belongs to the second class, 
called electronegative; it reacts very 
readily with hydrogen. (Other typical 


elements m this class are oxygen and 
chlorine.) Fluonne is the most electro- 
negative substance known, and the most 
chemically leactive gas. It sets fire to 
wood, paper, cloth and othei similar 
materials at 100 m tempeiatuie. It even 
reacts with water, and without much 
provocation will set file to most of the 
metals. It reacts with glass, poicelam and 
most rocks. A yellow- greenish gas with 
a 1 ather pungent odor, it is dangerous to 
touch oi inhale. 

Obviously the combinations of hydro- 
gen and of fluorine with carbon must 
result m substances of vastly cliffeient 
natuie. We would expect hydiogen and 
carbon, two electropositive elements, to 
form a highly combustible product, and 
of comse they do. In the combination of 
extiemely electronegative fluorine with 
electropositive caibon we may be uncer- 
tain what to expect At fiist thought one 
might suppose that the fluorine com- 
pound would be highly reactive Actu- 
ally fluorine and carbon form a durable 
attachment which strongly resists dis- 
mption. We might liken them to the op- 
posite sexes the two opposite substances 
have a strong chemical affinity foi each 
other, and when then mutual affinities 
are satisfied by combination, there is 
little affinity left over with which to en- 
gage in further combination. So both 
carbon and fluorine, when joined in a 
fluoiocarbon, show little tendency to re- 
act with other substances. 

How do the fluorocarbons behave as 
a combination? We can best appioach 
this question by considering the behavior 
of the familiar substances on which they 
are modeled— the hydiocarbons The lat- 
ter form much of the stuff of our every- 
day experience— gasoline, coal, lubricat- 
ing oil, rubber, moth balls, to mention 
only a few. Combined with other ele- 
ments, such as oxygen, sulfur and nitro- 
gen, they form the host of substances 
known as organic compounds. These 
range from ^relatively simple molecules 
like alcohol, ether and acetic acid to 
wood, paper, wool, silk, cotton, nylon, 
dyestuff, paint, all of our foods and prac- 



MOLECULES of a hydrocarbon (at 
left) and a fluorocarbon [at right) 
indicate why the fluorocarbons resist 

tically all of otu medicines. It was once 
thought that organic substances could 
be produced only by living organisms, 
but chemical technology has manulac- 
tured many organic materials that no liv- 
ing organism would le cognize as its 
pioduct. 

We note at once that the hydrocar- 
bons and then derivatives aie used 
almost exclusively for two pui poses. 
1) fuel, which includes lood, and 2) con- 
struction material. The Hist use depends 
on the combustibility of the compounds, 
the second on the structural properties 
of the element caibon. Unfortunately 
combustibility, either rapidly in fires or 
slowly in the foim of deteuoration and 
decay, is not a desirable property in con- 
struction materials. It is m this class of 
uses that the fluorocaibons are going to 
be of gieat value. They are ideal mate- 
lials of construction, for they combine 
the structural characteristics of caibon 
with the advantage of an extreme chemi- 
cal inertness. 

Fluorocarbons do not bum, corrode, 
mold oi decay. Neithei rodents nor in- 
sects nor fungi can find any nourishment 
in them. They may be used to make 
paints, lubricants, plastics, rubbei, cloth 
fibers, oils and solvents that defy fire 
and attack by organisms. The furniture, 
draperies and other decorations that 
make even a “fireproof’ house or hotel a 
blazing stove when fire gets undei way 
can be as noncombustible as the exterior 
when they are made of fluorocarbons. 

Future * fluorocarbon “products may 
similarly improve youi automobile. 
When proper fluids aie prepared, it will 
have a sealed engine with fluorocarbon 
lubricants that need no replacement. The 
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combining with other substances. In these highly schc- which are .32 Ang&tioms. Surrounding them at right ar*c 
matic drawings l lie carbon atoms are black. Surrounding fluoiinc atoms, raclii of which are .64 A. Lamer fluorine 


them at left are hydrogen atoms, the 

liquid in the cooling system will also be 
a fluorocarbon; no antifreeze will he nec- 
essary, and the radiator will never rust. 
The tires will last foi the life of the car. 
They will be made of (luorocaibon elas- 
tomer which will not undergo the de- 
tenoration of slow oxidation. The cloth 
ol the seat covers will be fire-repelling 
and dirt-repellmg. It will be made bril- 
liant with light, last colors, given per- 
manence by fluorocarbon radicals in the 
molecules ol the dyes. The upholstery 
will be protected against fiie by means 
of fluoiocaibon compounds. If the car 
should somehow still catch fire, the ra- 
diator liquid will be available as a fire 
extinguisher. Even the motor may under- 
go drastic changes one can imagine the 
internal combustion engine replaced by 
a liigh-temperatme tuibine impelled by 
a dense stream of thermally stable fluoro- 
carbon vapoi . 

T HESE me but a lew of the possi- 
bilities inherent in this new class of 
materials. The fluorocarbons and their 
derivatives will be a branch of chemistry 
even laiger than the hydrocarbons. The 
fluoiocaibon domain should not, how- 
ever, be confused with oigamc chemis- 
try. Its chemical properties, methods of 
synthesis and other important character- 
istics are entirely different. Fluorocarbon 
oxides, nitrides, bromides, iodides and 
other deiivatives have properties alto- 
gether unlike the analogous oiganic com- 
pounds. For one example, hydrocarbon 
peroxides are dangerously explosive, but 
fluorocarbon peroxides are not. 

Nevertheless the architecture of the 
fluorocarbon molecules so closely paral- 
lels that of organic compounds that it 


covalent radii of atoms shield ini 

is convenient lo employ as much of the 
well-established system of terminology 
loi naming the compounds us is possible. 
To distinguish the fluorocaibons fiom 
oiganic chemicals we simply insert the 
syllable “foi” be! ore the ending of the 
oiganic name. For example, the fluoio- 
carbon counterpart of the hydrocarbon 
methane (CH 4 ) is called methforane 
(CF 4 ). Other typical fluoiocarbon com- 
pounds are. ethforene, C 2 F 4 ; ethforanc, 
CoF (! ; octfoiane, C 8 F ]S ; metliforyl oxide, 
(CF 4 ) 2 0, metliforyl peroxide, (CF ; *) 3 - 
0 2 , fluoroxy methforane, CF 3 OF; meth- 
foryl nitrogen difluoride, CF 3 NF 2j bio- 
mopropforane, C 3 F 7 Br; butyrforic acid, 
C3F7CO0H; methforylcyclohexf oranc, 

cf 3 g 0 f,V 

As we have noted, in some physical 
properties the fluorocarbons are veiy 
similar to the analogous hydrocarbons, 
in otheis, very different. For example, 
the comparable compounds in both 
groups generally have roughly similai 
boiling and freezing points. On the other 
hand, they differ radically m suiface 
tension. The fluorocarbons have much 
lowei suiface tension, the lowest, in fact, 
of any class of substances. 

By way of illustration, let us compute 
a parallel pair of compounds— the hydro- 
carbon pentane (G r> H 12 ), found in 
petroleum, and the fluorocaibon pent- 
forane (C 3 F 12 ). Both have the same 
number of atoms ancl the same carbon 
skeleton structure. Both are clearly trans- 
parent mobile liquids that boil at prac- 
tically the same temperature, slightly 
above that of the ordinary room. Both 
freeze at approximately 200 degrees be- 
low zero Fahrenheit. They have approxi- 
mately the same viscosity, and about the 


srnal force field of the fluorocarbon. 

same amount of heat is lequned to tians- 
loim an equal number ol molecules 
Irom the liquid to the gaseous stale. 
Both arc insoluble in watci, and neithei 
will conduct an clecliie current. 

Notwithstanding all these similari- 
ties, one compound can easily be distin- 
guished irom the other. The pent! oranc 
molecule weighs nearly four times as 
much as the pentane. The surface ten- 
sion ol pentfoiane is moic than 30 pei 
cent less than that of pentane. If two 
vials, one containing pentfoiane and the 
other an equal volume of pentane, were 
placed side by side, there would be sev- 
eral ways of distinguishing them without 
even opening the vials. In the first place, 
the fluoiocaibon would be much heavier. 
In the second place, the pentane, due lo 
its suiface tension, would have an ap- 
preciable meniscus, oi curve, on its sur- 
face where it touched the glass, while 
the suiface of the pent! crane would 
appear flat almost to the very edge. On 
opening the vials you would immediately 
smell the difference: pentane has a sig- 
nificant odor, whereas pentfoiane is 
piactically odorless. The pentane would 
catch fire readily and bum with a yellow 
and very sooty flame. The pentfoiane 
would refuse to burn; it could, in fact, 
be used as a fire extinguisher. 

I N their chemical and thermal stability 
the fluoiocarbons are unique. Powei- 
ful chemical reagents, such as acids and 
bases, oxidizing and reducing agents, 
are without effect on them. What are the 
reasons for this tremendous resistance to 
chemical attack? To begin with, the un- 
derlying carbon skeleton is itself very 
resistant, as is apparent m carbon’s most 
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compact form, the dui able diamond. 
But obviously the caibon skeleton cannot 
account foi the great difference m dura- 
bility between the fluoiocaibons and the 
hvdrocaibons. The diffeience must de- 
rive from the differing sheaths of atoms 
sui rounding the skeleton. Part of the ex- 
planation lies m the contrasting eneigv 
situations m the two types of combina- 
tion. The decomposition of a fluoi o- 
carbon, or separation of fluorine fiom 
caibon, requires a considerable amount 
of energy, wlieieas when a hvdiocaibon 
decomposes it libeiates eneigy. In other 
words, it takes a great deal more energy 
to decompose a fluoiocaibon than a hy- 
drocarbon. Another leason foi the diffei- 
ence m stability is that hydiogen atoms 
have a gieat tendency to leact 01 com- 
bine with oxygen 01 oxidizing agents, 
while fluorine atoms resist this type of 
reaction, paiticulaily when they are com- 
bined with elements such as caibon. 

These explanations, however, only 
partly account for the refractory nature 
of the fluorocarbons. To explain it fully 
we must also examine the mechanism 
by which a chemical reaction starts The 
exact point of attack upon a molecule hv 
a reacting substance is probably not at 
one of the atoms of the molecule but 
rathei at the foice field that lies between 
the atoms. Because hydiogen atoms are 
\ ery small, the hydrogen-atom envelope 
of a liydiocarbon molecule does not 
shield the internal force field. On the 
other hand the lai ger fluorine atoms that 
envelop a fluorocarbon molecule appar- 
ently form a very effective shield against 
attack by an intruding molecule. More- 
over as we have seen, the fluorine atoms, 
when married to carbon, show little 
tendency to combine further with other 
elements or to desert carbon foi another 
partner. Thus the fluorine-atom envelope 
not only piotects the carbon skeleton but 
is itself resistant to attack. The heait of 
diamond is sheathed in the skin of an 
alligator. 

The fluorine sheath covering the car- 
bon skeleton is so highly satisfied with 
its partnership that it retains little attrac- 
tive force even foi substances of like 
kind. This is, of course, the reason for 
its low surface tension, since surface 
tension is a manifestation of the attrac- 
tion between molecules' in a liquid. And 
because fluorocarbons show even less 
attraction for unlike substances than for 
their own kind, the fluorocarbon solid 
plastics made so far have defied all 
attempts to find adhesives that will stick 
to them. Even the baker’s tacky dough 
does not adhere, so fluorocarbon plastic 
makes an ideal coating for dough boards, 
for which it is already in use. Such 
boards do not require flouring to pre- 
vent sticking. It is this property that 
leads to the expectation that articles made 
of fluorocarbons will be easy to clean. 

The great stability of the fluorocar- 
bons will eventually make it possible to 


synthesize even moie compounds in the 
fluoiocaibon domain than in the domain 
of 01 game chemistiy. Since chemists can 
now envision about one million possible 
organic compounds, we can conseiva- 
tively estimate that theie will be at least 
that number of fluoiocarbons, Moie- 
over, molecules which are pait fluoio- 
caibon and part oigamc can be con- 
stiucted, so the foieseeable compounds 
of the two combined systems number a 
million times a million. Considenng that 
most commercial substances are com- 
binations 01 mixtuies of compounds, the 
numbei of possible useful materials horn 
this airay of molecules is piactically 
limitless— many tunes a million million. 

W HY aie the fluoiocaibons such a 
late amval on the chemical scene? 
The answer is easy: the production of 
fluorocarbons lequiies techniques en- 
tirely cliff eient hom those used in other 
blanches of chemistry, and these tech- 
niques have only recently been discov- 
ered Early experimenters tiied to make 
carbon- fluoi me compounds by reacting 
caibon with gaseous fluorine, just as 
caibon oxides aie made by the leaction 
of carbon and oxygen. But almost the 
only pioduct they weie able to obtain 
was mcthfoiane, and the experiments 
geneially ended in explosions. A little 
m oi e than a dozen years ago workers in 
the Fluorine Laboratories at The Penn- 
sylvania State College found that the 
reaction could be controlled by means of 
suitable catalysts. With this knowledge 
they soon produced a large number of 
interesting new substances. These, natu- 
rally, were named fluorocarbons. 

The State College discoveiy „ turned 
out to be extiemely opportune. Soon 
aftei the atomic bomb project started 
eailv in World Wai II, chemists woi Ic- 
ing on the production of fissionable 
material found that they needed a sub- 
stance that could be mixed with uranium 
hexafluoride without reacting with it. 
The first specifications called for a mate- 
rial that was veiy stable and possessed 
a boiling pomt and a molecular weight 
not too far away from those of uianium 
hexafluoride Only a fluorocarbon would 
meet these requirements Fortunately 
two cubic centimeters of a fluorocarbon 
m the right boiling lange had been sepa- 
rated fiom the original preparations m 
the Fluorine Laboratories. The major 
constituent of this sample was heptfor- 
ane. The sample was supplied for tests in 
1941 . The atomic bomb workers found 
that it resisted the attack of the leactive 
uranium hexafluoride, and so the new- 
born fluorocarbons were baptized as a 
military material. For reasons of military 
security they were designated as Moe’s 
Stuff/’ 

Although the compounds first sup- 
plied met the initial specifications, chem- 
ists, like other people, are never satisfied 
with what they have. They always de- 


mand m oi e and bettei substances. Fluo- 
rocaibons with physical properties dil- 
leient irom the ouginal sample weie 
soon desiied foi lubricants, elastomers, 
gasket materials, valve packings and so 
on, especially foi the gaseous diffusion 
plant at Oak Ridge, which cycled uia- 
nium hexafluoride ihiough bai neis and 
pipes to sepai ate U -235 Research teams 
thioughout the country weie staited on 
the difficult task of making these com- 
pounds. That they succeeded is now 
known in the chemical profession, and 
tangibly attested by the existence of the 
Oak Ridge plant. 

Much technical knowledge was gained 
m the couise of this work, but most of 
the fluorocarbon piocesses used during 
the war aie too costly and difficult foi 
commeicial peacetime use The useful- 
ness of the fluorocaibons was demon- 
strated, but then cost was so high as to 
discouiage any consideration of them 
loi ordinal y applications. We had leal- 
lzed m the Fluorine Labor atones even 
before the military uses of Joe’s Stull 
were known that methods other than the 
original catalytic leaction between the 
elements would be necessaiy to produce 
fluoiocarbons on a commercial scale. The 
catalytic pioccss, although it has been 
improved and will probably be com- 
mercially useful loi some products, has 
an important shortcoming, it pioduccs 
a mixtuie of many fluorocaibons in- 
stead of just the one desired. Some le- 
seaich was done befoie the war on a 
superioi method of production— the elec- 
trochemical piocess This fundamental 
woik was halted by the wai, bnt it was 
lesumed immediately alteiward and the 
process was peiiected. 

This piocess produces fluorocaibons 
at low tempeiatuies and without the 
necessity of using fluoi me in its elemen- 
tal form. The product is obtained m one 
step hom available and inexpensive raw 
materials. The law materials aie hydro- 
gen fluoride and oigamc chemicals. 

The heart ol the apparatus is an elec- 
trochemical cell consisting of an iron 
container m which is suspended an elec- 
trode pack, This is made up of thin sheets 
of nickel suspended vertically parallel to 
one anothei and separated by a small 
fraction of an inch. Alternate sheets 
electrically connected form the anode 
and the cathode, much like the plates m 
a storage battery. Through a system of 
pipes the raw-material mixture of hydro- 
gen fluoride and organic chemical is fed 
into the cell. Somehow the flow of elec- 
tricity causes the fluorine m the fluoride 
to replace the hydrogen m the organic 
material, forming a fluoi ocarbon, with 
the freed hydrogen from both the hydro- 
gen fluoride and the organic compound 
escaping as a gas, 

Just how and why this process works 
is still a mystery, but the important 
thing is that it does work, and in a highly 
efficient manner. The electrode pack 
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appaiently lasts almost indefinitely. A 
cubic loot of the pack pioduces some 
25 to 50 pounds of lluoj ocarbons per 
day, depending upon conditions. The 
cost of production is much less than by 
other pioccsses, and by use ot the pioper 
law materials many ol the lluoiocaibon 
derivatives can be obtained m one step 
and m good yield. A pilot plant employ- 
ing this electrochemical process has been 
m opei abon m St. Paul, Minn., toi sev- 
exal years— long enough to demonstiate 
the feasibility of the process lor kugc- 
scale pioduction. This is highly encoui- 
agmg; it would he sad to whet man’s 
appetite 1 or a host of desiiable products 
and then be unable to pioduee them. 

T PIERE is no ({ues lion of the abun- 
dance ol the raw matoiials. Caibon, 
as everyone knows, is sufficiently plenti- 
ful. And fluoiine, according to all esti- 
mates, is louglily as abundant as caibon. 
Fluor me-conUiinmg minerals aic widely 
scattered over the earth’s surlace; they 
aie found in practically every state ol 
the Union and practically eveiy country. 
The major ore at. present is fluorspai or 
calcium liuoiidc, of which there are 
many small or impure deposits One ol 
the largest and best deposits is on the 
Illmois-Kentucky border. Another min- 
eial containing considerable fluorine Is 
the aluminum ore cryolite, chemically 
identified as sodium aluminum fluoride. 
S mallei proportions ol fluorine arc found 
m many other mineials. One is the phos- 
phate called apatite, which often con- 
tains from thiee to five per cent fluorine. 
This material is mined chiefly loi phos- 
phorus lor fertilizer, and the fluorine m 
it at present is almost entirely discarded; 
m fact, some ot it escapes lrom the 
furnaces m the form of noxious com- 
pounds that devastate the landscape. In 
Florida, the principal apatite-mining 
area, approximately a million pounds ol 
fluorine is removed from the ground 
every day, and most of it is used. We may 
note m passing, for the edification ol 
those who may be interested in the mys- 
tic significance ol words, that m the U. S. 
the largest reserve of fluorine is m Flon- 
da, and in Europe the deposits of apatite 
lie in Hungary. 

Whether or not high-grade ore ol one 
chemical formula is available m suffi- 
ciently large deposits is a matter for the 
experts to argue. The layman can be 
confident that il there is an ample supply 
of fluorine on the earth’s surlace, tech- 
nology will find a way to make it avail- 
able lor use; and the one big predictable 
use for the element will be die fluoro- 
carbons and then derivatives. 


/. H. Simons is professor 
of physical chemistry and 
director of the Fluorine 
Laboratories at The Penn- 
sylvania State College . 



LOW SURFACE TENSION of a fluorocarbon is illustrated by these three 
photographs. Vessel at left contains water; vessel in center, a hydrocarbon; 
vessel at right, a fluorocarbon. Inside each vessel is a capillary tube in 
which liquids rise according to their surface tension. Water rises high- 
est; the hydrocarbon rises less; the fluorocarbon rises almost not at all. 
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ON THE ATOM 


The remarkable insights of the Greek 
materialist philosopher are preserved 
in the writings of later commentators 


D emocritus, the gicutest of the 

Gieek materialist philosophers, 
was horn m the Thiacian town ol 
Abcleia early m the filth century B C 
He was the son ol a rich man, and he 
spent his patrimony traveling m the East. 
His puncipal contribution to philosophy 
was his development of the concept of 
the atom, first proposed by Leucippus. 
He is said to have written 72 books, but 
none survives All that we know of him 
is m the words of latei philosophei s, who 
often admned him but usually disagieed 
with him, A few excel pts fiom their de- 
scriptions of his philosophy are given 
heie. They aieieprinted horn Selections 
from Earhj Greek Philosophy (thiicl edi- 
tion, 1947), by Milton C Nalim, with 
the kind permission of Applet on-Cen- 
tury- Crofts, Inc 

Simplicius 



"A few notes fiom Anstotle’s On 
Democritus will clarify the thought of 
these men. 'Democritus considcis the 
eternal objects to lie small substances in- 
finite in numbei For these he posits a 
place infinite m magnitude, and he calls 
place by such names as void, nothing, 
and infinite, but each ol the substances 
he calls, something, solid, and existent 
He thinks the substances aie so small 
that we cannot peiceive them, yet they 
have all soits of ioims and shapes, and 
difieiences m size. Accordingly horn 
these as from elements lie genciates and 
combines visible objects and peiceptiblc 
masses And they aie disturbed and 
move m the void because of their dis- 
similanty and the other difFeiences men- 
tioned, and as they move they collide 
and become entangled m such a fashion 
as to be near to and touch each other 
However this does not m truth give rise 
to any one single nature, for it is alto- 
gether silly that two 01 moi e things may 
ever become one The coheicnce up to a 
certain point of substances he explains 
by the gripping and intei mingling of the 
bodies, for some of them aie scalene m 
shape, some are baibed, some concave, 
some convex and otlieis have countless 
otliei differences. Accordingly he thinks 
they cling to each other and cohere un- 
til some strongei necessity from the sui- 
roundmgs approaches, shakes and scat- 
ters them/ And he speaks of genesis and 
its contrary, separation, not only with 
refeience to animals, but to plants, and 
worlds, and, m general, all sensible 
bodies. If, therefore, genesis is the com- 
rnmglmg of atoms, and destruction is 
theii separation, then according to 
Democritus genesis is also the same as 
qualitative change/' (From de caelo.) 


"Democritus the Abderite posited as 
j - . principles the full and the void, of which 

UmOCKI X US is depicted as a sad old man in an 18th-century engraving, he called the first Being and the second 
Most earlier representations showed him laughing. According to the second- Non-being. For positing the atoms as the 
century Bithynian astronomer Hipparchus, Democritus lived to be 109. material of things, they produce the 
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othei things by thcii diffcienccs And 
these are thiee, proportion, impulsion, 
and airangement, which is the same as 
saying shape, position, and Older, For 
the like is natmally set in motion by the 
like, and the homogeneous is diawn to- 
gether, and each ol the shapes when it is 
arranged into a different combination 
pioduces anothci design Consequently, 
since the elements are infinite, they could 
leasonably piomise to rendei an account 
of all qualities and things, an account 
both of the cause and the piocess of any- 
thing’s generation.” (Fiom Commentary 
on the Physics ) 

“Democntus’ lolloweis assert that all 
the atoms aie homogeneous and have 
weight, but because some are heavier, 
the lighter ones are tin ust aside by the 
othei s as they lull and are earned up- 
vvaids, and thus it is they say, that some 
things aie considered light and some 
heavy. The Deinocntean gioup thinks 
that all things have weight, but since fiie 
has less weight and is squeezed out by 
the things ahead of it, it is canied up- 
ward, and foi this leason it appears light. 
And they consider that only what is 
heavy exists, and it is always m motion 
toward the centci . The atoms necessarily 
have equal speeds when they move 
tluough the void which ofieis no resis- 
tance For neithei will the [large and] 
heavy atoms move more quickly than the 
small and light, when nothing obstructs 
them, nor will the small atoms, all of 
which have commensui ate passageways, 
move more slowly than the huge ones 
when nothing resists them eithei.” (From 
de caelo .) 

Alexander of Aphrodisias 

“Democntus, therefore, considering 
that [chemical] mixture’ so-called occurs 
by the juxtaposition ol bodies, which are 
divided into minute particles and pro- 
duce the mixtui e by the positions of the 
particles alongside of each other, asserts 
that in truth things aie not mixed even 
m the beginning, but the apparent mix- 
ture is a juxtaposition of bodies in mi- 
nute particles, preserving the proper na- 
luie of each, which they had before the 
mixing. They seem to be mixed because 
on account of the smallness of the jux- 
taposed particles our senses cannot per- 
ceive any one of them by itself.” (From 
Meteorology . ) 

Plutarch 

“For what does Democntus say? Sub- 
stances infinite m number, indivisible, 
and different from each other, without 
qualities and unchanging, are scattered 
about and move in the void. When they 
approach each other or collide or be- 
come entangled, some of these aggrega- 
tions form water, some fire, some plants, 
and some men. But all things are really 


atoms ol foims as he calls them, and be- 
sides these nothing exists. For there is 
no generation from non-being nor can 
theie be any generation from things 
which exist because the atoms on ac- 
count of theii solidity neither change noi 
suffer any lmpiession.” (Fiom Lives ) 

Galen 

“ ‘For by convention coloi exists, by 
convention hittei, by convention sweet, 
but m leality atoms and void/ says 
Democritus, believing that from the con- 
junction of atoms all sensible qualities 
come into being foi us who peiceive 
them, but by naluie nothing is white, 
black, yellow, led, bittei, 01 sweet, lor 
the phi use ‘by convention’ means the 
same thing as ‘by custom,’ and ‘for us,’ 
not according to the nature ol the things 
themselves, which he calls ‘in reality’ 
coining the teim horn ‘real’ which means 
tiue. And the complete sense of his aigu- 
ment would be as follows Men think 
that there is such a thing as white, black, 
sweet, 01 hitter, but m truth the uni- 
veise is composed of ‘thing’ and ‘noth- 
ing (From History of Philosophy ) 

Theophrastus 

“Democritus in assigning a shape to 
each quality made sweet to consisL ol 
fairly laige, spherical atoms. To the qual- 
ity sour he assigned very large, lough 
shapes with many angles and no cuives. 
The sharp [in taste], as its name implies, 
he regarded as consisting of atoms shaip 
in mass, angulai, crooked, thin, and un- 
rounded. The pungent needs atoms 
which are thin, angulai, and bent, but 
rounded also. Salt is angulai, fanly huge, 
twisted, although symmetrical. Bitter is 
rounded and smooth, unsymmetncal, 
and small in size/’ (Fiom de causis 
pi a atari tm.) 

Aetius 

“Democritus held that thunder is pio- 
duced by an unstable mixture forcing 
the cloud enclosing it to move down- 
waid. Lightning is a clashing together 
of clouds by which the fiie-producing 
atoms rubbing against each other aie 
assembled tluough the porous mass into 
one place and pass out. And the thunder- 
bolt occurs when the motion is forced 
by the very pure, very fine, very uniform 
and ‘closely-packed’ fiie-producing at- 
oms, as he himself calls them.” (From 
Placita Philosophorum.) 

“According to Democntus, a kind of 
shadow [is] cast by the high parts on 
[the moon], for it has hollows and glens ” 
(From Placita Philosophorum.) 

“Democritus says that .the air, too, is 
broken into bodies of similar shapes and 
rolls about with the fragments of the 


sound/’ (Fiom Placita Philosopfwi um ) 

“Coloi does not exist by nature. For 
the elements have no qualities, neither 
the solids nor the void. What is com- 
posed of these, howevei, is coloied by 
arrangement, proportion, and impulsion, 
that is, older, shape, and position, lor 
appeal ances aiise hom these. Of these 
colors . . . theie aie four types, white, 
black, led, and yellow” (Fiom Placita 
Philosophorum.) 

Censorious 

“Democntus the Abderite believed the 
fiist men weie begotten ol water and 
slime.” (Fiom dc die natal i ) 

Hippolytus 

“And [Democntus] would say that the 
lealities weie always moving in the void; 
and theie aie an infinite number of 
woilds diffeiing in size; in some there is 
neithei sun noi moon, m othei s they are 
larger than ours, and in othei s theie are 
many suns and moons. The distances be- 
tween the worlds is unequal and in some 
quarters theie aie moie woilds, in oth- 
ers fewer, and some aie gi owing and 
others have 1 cached theii lull size, and 
others aie disintegrating, and m some 
quarters woilds aie coining mio hemg 
and in others they are ceasing to exist 
They aie destroyed by colliding with 
each other. And some woilds aie devoid 
of living beings and all moisture. In our 
system the earth came into being before 
the stars, and the moon is nearest "the 
earth, and then the sun, and then the 
fixed stars. The planets are not equally 
distant from the eaith.” (Fiom refuta- 
tio omnium haeresium.) 

Aiis to tie 

“Anaxagoras and Democntus sav the 
Milky Way is the light ol certain stars. 
For the sun at night goes under the earth. 
Hence those stais above the earth which 
the sun illumines cannot make their own 
light visible because it is obscured by the 
lays of the sun; but those which the 
shadow of the earth darkens so that they 
aie not illumined by the light of the sun, 
do show theii own light and this is the 
Milky Way. [The Milky Way is] the 
combined biilliance of many small stars 
m juxtaposition uniting their light.” 
( F rom M eteorologia . ) 

“Democritus of Abdera holds that the 
distinction between male and female 
takes place in the womb, not however as 
the result of heat and cold, but it de- 
pends on winch parent furnishes the 
dominant seed, or more exactly that 
‘chromosome’ which originates m the or- 
gans which differentiate male from fe- 
male,” (From de generatiom animal- 
ium.) 




HERPES VIRUS FROM EGG is resolved into tiny graph specimen has been shadowed with gold to make 
spheres bv the electron microscope. The spheres are each them visible in three dimensions. The original micro- 
approximately 1,500 Angstroms in diameter. The micro- graph magnified the virus material 13,000 diameters. 



HERPES VIRUS FROM BODY 


. , . is resolved into same 

spheres. Original micrograph magnified the viius l3,000 
diameters. It and micrograph above were made by Geof- 


frey W. Rake of The Squibb Institute for Medical Re- 
search, and Harvey Blank, Lewis L. Coriell and T. F. 
McNair Scott of The Children’s Hospital of Philadelphia, 


50 



Virologists have pursued the organism that causes 
herpes simplex, the common fever blister or cold 
sore, by the subtle track it leaves within its host 


I N the 19th centuxy natuial histoiy 
meant adventme and tiavel to dis- 
tant lands, Scientific exploieis sought 
the seciets of birds, flowcis and 1 leasts 
in gieen jungles, on snow-topped moun- 
tains and deseit islands. Charles Dai win 
sailed lor five ycais on H. M. S. Beagle 
to lie on the plains ol Patagonia watch- 
ing the condoi in ilight, to find on “the 
lofty peaks oi the Coidillcra” the alpine 
rodent bizeaeha, to nicasmc m a New 
Zealand finest the hunk oi the kauri 
pine. For Datwm the adventure did not 
end thcie, of course, as a groat scientist 
he not only collected facts hut used them 
to analyze the I onus ol life and theii m- 
Lei relationships, and to develop a thcoiy. 

In the 20th centuiy natural history 
still means adventme, but not always 
tiavel. While men continue to puisne 
launa and floia to i emote paits of the 
world, tlieie aie many who do all their 
exploring within the walls of a labora- 
loiy, Theie they aie iollowing the backs 
oi strange unknown oiganisms eveiy 
whit as fascinating as the hie of Patago- 
nia Among the mici oorgamsms whose 
lives and habits have been traced with 
cuiiosity, ardoi and profit during the past 
decade is a particulaily intriguing virus, 
the virus of herpes simplex. 

One does not need to go on a journey 
to look for the herpes virus; almost every- 
one has seen its tracks on his own body. 
It is the organism that causes the level 
bhstei, or cold sore, on the lip— one of 
the most common afflictions of man. Only 
a tew Eskimo tribes in arctic Greenland 
seem to be fiee of it. So the explorer who 
sets out in search ol the heipes virus 
goes armed not with compass, maps and 
machete but with a knowledge of im- 
munology and statistics, a hypodermic 
needle and an electron microscope. His 
terrain is the human lip, the patient lab- 
oratory rabbit and the chick egg. 

The story of how the herpes virus was 
discovered is of interest not only for it- 
self but also because the methods used 
and the results obtained in its study are 


by Philip and Emily Morrison 

basic to an understanding oi the bio- 
logical natrne oi all disease. The virus 
was backed down only aftei a long se- 
nes of investigations, pnncipally by the 
Australian virologist Frank M. Bui net. 

Although nearly eveiy one has lever 
h list eis occasionally, the cause of this 
affliction had mystified physicians ioi 
many years. It does not behave at all like 
an infectious disease. The blisters lecur 
ihioughoul the lifetime ol an individual, 
usually m exactly the same spot, they 
sometimes accompany colds, levers or 
emotional upsets, as it they were symp- 
toms ol a moie gencial disorder; they 
give no evidence ol spreading by contact 
from one person to anothei. In contrasL, 
a typical common vnus disease like 
measles begins with considerable fever, 
catarrhal symptoms and spots m the 
mouth; a lash appeals ail over the body, 
the disease spreads very readily, so that 
only about one pei cent of susceptible 
individuals fail to get it upon then first 
close contact with an infected person, 
usually it attacks an individual only once 
during his lifetime. 

As early as 1912 some mvestigatois 
discovered that a virus was present in 
typical heipes blisters. But this informa- 
tion was dismissed by most research men 
as not significant Flow could heipes he 
caused by a virus, they argued, when it 
did not conform to the pattern of other 
known virus infections? Nonetheless a 
few workers peisisted m following this 
appaiently blind alley. An encouraging 
but by no means conclusive experiment 
in 1919 showed that some of the liquid 
obtained from a human fever blistei 
would produce lesions on the cornea of a 
rabbit. Again the evidence was rejected. 
A number of other theories were offered 
to explain the recuiring blisters. One of 
the most widely supported was that 
herpes was simply a peculiar external 
iiritation which affected certain sensitive 
cells 

In 1939, however, the virus theory re- 
ceived a tiemenclous boost from findings 


by Kathaime Dodd, L. M Johnston and 
G. J. Buddmgh at the Vanderbilt Uni- 
versity School of Medicine. They learned 
that an infectious oigamsm could be re- 
covered from the mouths ol infants suf- 
fering f lorn a common form of sore 
mouth known as aphthous stomatitis 
They did not see the typical licipes 
bhsteis on these ehildien, nor, of course, 
could they see the vims itself. Their 
chief evidence that heipes vnus was 
present was the fact that they found 
heipes antibodies in the children's blood. 
In other woids, they detected the vims 
not by its usual blister Uncle but by a 
kind of chemical scent The antibodies 
they found had pieviousty been observed 
m herpes patients. 

Spurred by these expemnenls. Dr. 
Bumet and other mvestigatois under- 
took a long, painstaking senes of meas- 
urements ol herpes antibodies, hoping to 
prove conclusively that herpes was a 
virus infection and to study the virus in 
all its peculiar habits. In these studies 
they had the benefit oi a gieat deal of 
knowledge about antibodies that has 
been developed m recent years. 

Antibodies, one of man’s major de- 
fenses against disease, are manufactured 
by the human body m a numbei of forms. 
Each vanety, evoked by a paiticular in- 
fectious organism oi other foreign agent, 
is a specialist it has a particular chemical 
structui e and possesses the specific abil- 
ity to neutralize the invader that evoked 
it. Its action on its antagonist is quanti- 
tative and measurable. When, for exam- 
ple, a rabbit is injected with a certain 
number of diphtheria bactena mixed 
with a certain amount of the specific 
diphtheria antibody in blood serum, tire 
animal shows no symptoms ol the dis- 
ease. t 

I N the case of herpes virus peihaps 
the most useful medium for this kind 
of measurement is the fertilized hen s 
egg. The living cells of the developing 
chick embryo provide a favorable en- 




VIRUS IS CULTIVATED in fertilized eggs. Shown in 
these drawings is the technique used by Lederle 



Laboratories. At left a triangular window is cut in the 
egg. Next a rubber bulb is applied to a tiny hole at 


vironment for growing virus. In a herpes 
experiment the investigator carefully re- 
moves a small portion of the shell of a 
fertilized egg, lifts the shell membrane, 
thus exposing the outer layer of the liv- 
ing embryo, which is filled with blood 
vessels, and then inoculates this layer 
with a cei tain amount of infectious liquid 
from a typical fever blister. On this rich 
field the herpes virus grows rapidly. 
Within two or three days the membrane 
shows raised white spots or plaques, 
which aie colonies formed by enormous 
numbers of individual pai tides of viius, 
The investigator then repeats the pro- 
cedure, but this time adds to the infec- 
tious material a measured amount of 
serum from the blood of an individual 
believed to have specific antibodies for 
herpes virus. By counting the difference 
in the number of lesions produced on the 
membiane before and after adding the 
serum, he can make an accurate estimate 
of the amount of antibody piesent in the 
individual who supplied the serum. 

Most normal adults have antibodies 
against herpes. These antibodies are a 
very peculiar bieed. Usually an individ- 
ual who has antibodies against a specific 
infection is immune from a recurrence 
of that disease; a notable example is 
measles. But the investigators found that 
in the case of herpes the antibodies do 
not immunize the patient; he may still 
have repeated attacks of fever blisters. 
On the other hand, in spite of the wide 
distribution of the virus some people who 
have no herpes antibodies never get 
fever blisters. The herpes antibodies show 
another peculiarity. In many diseases, 
notably diphtheria and influenza, the 
production of antibodies varies with time 
or with the virulence of the attack. A 
mild infection produces a moderate con- 
centration of antibodies; after a severe 
infection the convalescing patient at first 
has many antibodies, then the concen- 
tration diminishes and finally disappears. 
In herpes, however, the investigators 
found that it is all or none— there are 


either a great number of antibodies 01 
none at all. Infants with stomatitis who 
had no antibodies at the time they be- 
came ill had a gieat many within thiee 
weeks, and continued to -have them. No 
one who had ever had a fevei blister 
failed to show a large number of anti- 
bodies, and a comparable concentration 
was found in some people who could not 
lemember having had such blisters. Peo- 
ple who have herpes antibodies seem to 
keep them m their blood foi life, and 
even for some time after death 

With these facts at hand, the picture 
of the herpes virus began to take definite 
shape. The mvestigatoi s determined by 
filiation that the virus is about 1,500 
Angstroms in diametei— roughly the 
same size as the influenza and rabies 
viruses. Like other viruses it is essen- 
tially a nucleoprotem. It first appears in 
young childien, usually m the form of a 
mild sore mouth Once it attacks an in- 
dividual, it remains with him until death, 
though it makes its presence known only 
by occasional blisters or not at all. If you 
escape herpes as a child, it is somewhat 
rnoie difficult to acquire it as an adult, 
but it can be done A woman worker m 
Bui net's group acquired the telltale anti- 
bodies during their investigation. Upon 
inquiry, Bui net learned that she had be- 
come engaged to a* man who had had 
herpes for some time, and she had evi- 
dently acquired it from him* 

Infection with the herpes vnus seems 
to vary considerably with socio-economic 
status, according to investigations made 
in Australia and England. Among uni- 
versity graduates, who come generally 
from comfortable homes, only about 37 
per cent showed herpes antibody, among 
groups in lower income brackets, as 
many as 93 per cent showed antibody. 
This statistic has been interpreted as 
evidence that herpes is probably spread 
by close physical contact, perhaps be- 
tween the mouth of the child and the 
saliva of the parent. The greater crowd- 
ing and poorer hygiene in lower income 


groups would tend to help the spread. 
If heipes were spiead by airborne drop- 
lets rather than by contact, it is difficult 
to see how anyone could escape, legard- 
less of income 

Howevei that may be, the Burnet 
group positively identified herpes as an 
infectious disease, like measles, mumps 
oi any other vnus infection except foi 
the unique fact that it persists all 
through life, almost without symptoms 
Only occasionally, when the lesistance 
of the body is loweied by fevei, a cold, 
or some emotional strain, do the infected 
cells of the lip, wheie the virus presuma- 
bly lives, break down into the typical 
blisters. 

S O fai we have been concerned with 
the description of herpes virus fiom 
the point of view of the exploi er and the 
naturalist. We have identified it and stud- 
ied its habits. But it is valuable also to 
assume the point of view of the histonan 
and the ecologist, to trace the virus* ori- 
gin and development and its lelationship 
to othei oigamsms. Like Darwin, the 
modem virologists have not stopped at 
description but have carried theii re- 
searches into this broad and rather 
speculative field as well 

The natural habitat of the herpes virus 
is man, it seems to be as much at home 
m man as is the mistletoe on the oak. 
The creature multiplies and gains its 
food and shelter from the human body, 
and from its own point of view it is ex- 
tremely successful, for it invades almost 
every human being, is nevei dislodged 
and is spread constantly to new hosts. 
But an essential element of this parasites 
successful adaptation to its environment 
is that it does not do much damage to 
man. Tins is not because the virus is 
totally incapable of doing damage, on 
the contrary, when introduced into rab- 
bits or mice it often infects the central 
nervous systems of these little animals 
and produces a true and usually fatal 
encephalitis. There are a few rare cases 
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the end of the egg to draw down the membrane beneath 
the shell. Then the virus material is injected into 


the embryo. Finally the window is covered with turns- 
parent tape so the virus colonies may he observed. 


known in which heipes virus has caused 
encephalitis even m human beings. 

The generally liaimless behavior of 
this creature m its natuial host gives us 
an exceptionally illuminating insight in- 
to the survival value oi a biological 
equilibrium. 11 you die ol encephalitis 
induced by heipes vims, this is ol little 
advantage to the virus, since it cannot 
spieatl in laigc numbers horn the dead 
On the othci hand, if you cany heipes 
virus always with you and suffoi only an 
occasional blistei, the vims lives happily 
in equilibrium with you (or a 1 datively 
long time and has splendid opportuni- 
ties to grow and spread. Herpes virus is 
a concrete demonstration of a great gen- 
eralization made by the late Theobald 
Smith ol the Rockefeller Institute, when- 
ever you find a parasite that has affected 
a given host ovei a long period ol time, 
you will find that the infection does not 
mterfeie with the suivival of the host 
and is of low virulence. A strange host, 
such as a mouse or a labbit, cannot ex- 
pect such good behavior from the hu- 
man herpes viius because the host has 
not had lime to establish the basic 
chemical adjustment necessary for a 
state of equilibrium. Just as psittacosis is 
much more vnulenl in people than m 
parrots, so herpes is much more virulent 
m the mouse than m human beings. 

The history of herpes m man leads us 
to speculation on its sociology. We know 
that virulent diseases like measles and 
smallpox have not always been world- 
wide. When measles first strikes in virgin 
teiritory ( e.g ., the Faeroe Islands) it be- 
comes a terrible scourge; so it was with 
smallpox when it was introduced among 
the American Indians and among the 
Samoans. Such diseases are probably 
diseases of civilization— of cities or large, 
stable communities of men. Measles is 
more or less constantly present in all 
large communities, and there are major 
epidemics or sudden increases in preva- 
lence at about three-year intervals. It 
spreads rapidly, but after a comparative- 


ly short illness it confers long-time im- 
munity on those who lecover. By the age 
of 20 approximately 85 per cent of the 
population m a civilized country have 
had the disease, and second attacks are 
unusual. The measles vims is able to 
survive indefinitely in a city because 
theie are always new people to cany and 
spiead il among a constant new ciop oi 
children who have no immunity. It 
would have a hard time suiviving in an 
isolated family oi small lube of cave 
dwelleis or nomads, lor if the group weie 
accidentally injected (rom some outside 
souice, all of its members would be sick, 
the suivivois would be immune and the 
disease would die out. 

The herpes vnus, on the other hand, 
is self-peipetuatmg. It is the only known 
vnus disease in which a woman who had 
the disease as a child can infect her own 
children many years later, and they in 
turn infect their children. Thus the viius 
can be forever transmitted even withm 
a single isolated family. 

So this newly found living foim, viius 
of herpes simplex, is not new at all but 
piobably older than the pyramids or the 
ancient plagues, older than writing or 
even fire. It is undoubtedly one of the 
oldest domesticated organisms we know, 
older even than man's fnend the dog. 
The occasional colony of heipes on your 
hp is the evidence of a slight disturbance 
of the nice balance between 10,000 
generations of men and countless gener- 
ations of these little globes of nucleo- 
protein 1,500 Angstroms m diameter. 
Only as a result of many mutations and 
selective adaptations could the herpes 
virus have achieved so successful and 
peaceable a relationship and struck so 
delicate a balance between its own ag- 
gressive tendencies and the defensive 
mechanisms of its human host. 

T HE human race exists in a rather 
sensitive and unstable relationship 
with its environment; it can be pro- 
foundly disturbed by slight changes in 


the physiology of even the tiniest para- 
sitic microorganism. It may well be that 
othei diseases of man can profitably be 
studied m the light ol what we have 
learned about heipes, even though in 
those diseases the picture is much nooie 
complicated. It may be that some of oui 
violent diseases are meiely new foims of 
old ones that have suddenly been modi- 
fied, perhaps by mutation. It may also 
be that these virulent diseases aie evolv- 
ing toward the achievement ol a new 
successful equilibrium with their hosts, 
and will gradually lose their picsent 
virulence Investigators have not tailed 
to observe that old diseases are disap- 
pearing just as new ones are emerging. 
The theory of the age of disease also 
offers a clue to the undei standing of 
epidemics. It suggests that they xepie- 
sent sudden, violent disturbances in the 
equilibrium between a parasitic micio- 
organism and the human host. 

Thus the investigation of this harm- 
less, seemingly insignificant virus may 
well have impoitant results in our de- 
fenses against more troublesome dis- 
eases. It is clear, for example, that in 
poliomyelitis, as m heipes, many indi- 
viduals are infected without experienc- 
ing recognizable symptoms. Antibody 
analyses show that there are 100 hidden 
cases of polio to every visible one. The 
science of immunology becomes ever 
more important as it becomes evident 
that the individual living in a large com- 
munity is unable to protect himself 
against infections from his neighbors, 
but must rely upon the continuing ex- 
ploration and research of today’s natural 
historian, whose daily adventures are 
just as exciting and perhaps more imme- 
diately useful than those of his predeces- 
sors who sought the tapir, the okapi, or 
the high-flying condor. 


Philip Morrison is a theoreti- 
cal physicist at Cornell Univer- 
sity, Emily Morrison is his wife . 
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Julian Huxley's summary of the vast debate 
between the schools of Lysenko and Mendel 



by James R. Newman 

Heredity, East and West: Mendel 
versus Lysenko, by Julian Huxley. 
Heniy Scliuman ($2.75). 

W hat justification is there (or a 
new book on the Lysenko con- 
troversy' 5 Unlike the Abbe Men- 
del, the Soviet biologist Trofim D. Ly- 
senko has not been a victim of public 
neglect. At home he has received the 
highest honors and rewards; abioad, 
though mostly excoriated, he has been 
the subject of a tonent of news stories, 
editorials, articles in populai magazines 
and technical journals, lectures, political 
orations and the approving notice of 
Geoige Bernard Shaw. 

Julian Huxley explains in the preface 
to his book what prompted him to the 
task. He believes that the controversy 
over Soviet genetics, for all the words 
poured out, has not been pioperly pre- 
sented. The subject of the debate is high- 
lv technical, and its background is a 
country about which available informa- 
tion is both meager and wonderfully un- 
reliable. In judging the merits of a sci- 
entific theory one must apply stricter 
standards than the easy rules of political 
debate. Mistrust or hatred of Russia, 
even when born of disillusionment fol- 
lowing a great love, does not fully qualify 
one to discuss the Lysenko affair; nor is 
it altogether advantageous to be ignorant 
of genetics. Even among professional 
scientists, says Huxley, there has been 
misapprehension of the natuie of the 
dispute. 

Dr. Huxley is uniquely equipped for 
the job. He is not only a first-rate bi- 
ologist but a man of broad culture. On 
his visits to Russia, where he became ac- 
quainted with leading Soviet biologists, 
including Lysenko, he heard their genet- 
ic theories expounded at first hand and 
participated in their discussions, as a 
former head of UNESCO he had the 
opportunity to study the international 
scientific scene and to work for the cause 
of scientific advancement and freedom. 
He writes lucidly, with political aware- 
ness and disinterestedness. His motives, 
as his record amply demonstrates, are 
beyond question. 

His book recapitulates the controversy 
in scrupulous detail; it explains the 4 role 
of science and the scientific method in 
world civilization"’; it presents an excel- 


lent summary of neo-Mendelian and neo- 
Dai wiman theoiy. It is a model of intel- 
ligent popularization, and a boon to the 
average leader. Thus Dr. Huxley’s essay, 
though not without obvious defects— it 
has an an of hurried composition, it is 
lepetitious, sometimes dispiopoitionate 
m emphasis, and not umfoimly per- 
suasive— is an event of unusual social 
and scientific note m this Soviet-centeied 
debate about opposing theories of hered- 
ity. 

While the controversy gained woild- 
wide attention in 1948 on the occasion 
of a special session of the Soviet Acad- 
emy of Agncultuial Sciences, its origins, 
of course, go back much farther, they 
may be traced to the writings of the 
Marxist Fatheis and to the circumstances 
of the Soviet revolution. We may fix 
attention on the early 1980s, however, as 
a convenient starting point for the argu- 
ment among Soviet scientists. At about 
that time Mendelian genetics fell into 
marked disfavor in the Soviet Union. 
Stubborn and outspoken Mendelians be- 
gan to lose their jobs, ‘'some being ban- 
ished to Sibena, others sent to labor 
camps, others just disappearing.” Hux- 
ley’s principal informant on this early 
history is the Nobel prize- winning genet- 
icist Hermann J. Muller, now at Indiana 
University, who woiked m Moscow from 
1983 to 1937. Accoiding to Mullei, the 
Soviet geneticist Agol, among otheis, 
was ‘"liquidated” m 1936, and S. G 
Levit, founder of the Medico-Genetical 
Institute, was forced to make a “confes- 
sion” of scientific guilt, after which he 
also vanished. In 1937 an International 
Congress of Genetics which was to have 
been held m Moscow was called off by 
the authorities, when the Congress final- 
ly convened in Edinburgh m 1939, all 
of the 40 Soviet geneticists who had 
submitted papers were refused exit per- 
mits to attend. After the outbreak of 
war the Soviet attack on “idealist” ge- 
netics was intensified, and before 1945 
a number of the most distinguished Men- 
delians had “disappeared Rom the 
scene,” including Karpechenko, Sere- 
brovsky and the famous Nicolai Vavilov. 
The latter, as a foreign member of the 
Butish Royal Society— a raie honor, for 
there are only 50— was the subject of 
repeated official inquiries from the So- 
ciety to the Soviet Academy. There was 
never a reply; Muller says Vavilov died 
miserably in Siberian exile in 1942. 

These events were accompanied by 
the “exaltation” of Lysenko, an obscure 
Ukrainian experimenter in grain-grow- 


ing who was gaming fame as the pim- 
cipal advocate of the genetical theones 
of the late I. V. Michurm, Russian hoiti- 
cultunst and plant bieeder ( 1855-1935) . 
Special confeiences were held in Russia 
m 1936, m 1939 and after the war to 
publicize the views and accomplishments 
of Lysenko, to expound the relationship 
between Maixist ideology and Micliuim- 
lsm, and to “disci edit” Mendelism. Ly- 
senko enteied political life, was awaidecl 
two Stalin prizes and the Orclei of Lenm, 
was made a Hero of the Soviet Union 
and leplaced Vavilov in his highest posts. 

To the famous 1948 meeting of the 
Academy of Agncultuial Sciences, over 
which Lysenko presided as president, 
Huxley devotes many dieiuy pages. The 
meeting maiked the climax of the Com- 
munist assault on Mendelism. Since a 
printed lecord of it exists, Huxley’s 
account of the pioceedmgs is tainted 
by neithei licaisay noi fallible recollec- 
tion. The proceedings aie a tuigicl and 
idiotic business. The party line in ge- 
netics, as theie enunciated, mns some- 
thing like this: Mendelism is “mcor- 
lect,” “anti-, un-, and pseudo-scientific,” 
“reactionaiy,” “idealist,” “inconsistent,” 
“unpatriotic,” “bourgeois,” “mystic,” 
“metaphysical,” “feeble,” “scholastic,” 
“alien,” and “pernicious.” Hereafter 
the biological sciences as taught and 
practiced in Russia shall be guided by 
Miehium’s teachings, which are “scien- 
tific,” “materialist,” “progressive,” “crea- 
tive,” “effective,” “piactical,” “part of 
the gold fund of our science,” and 
“correct in ideology.” In Soviet scien- 
tists’ councils “partisans” of “Morgano- 
Weismannite” genetics are to be le- 
placed by supporters of Michurimte 
biology; “formal” genetics shall be 
“rooted out” of Soviet science. 

A number of heretics were peimitted 
the opportunity of publicly lecanting 
their errois. A few Mendelians were al- 
lowed to defend their views and to come 
out openly against Lysenko. This was 
clone, Huxley suggests, “to give a sem- 
blance of free discussion” and to give 
the dissenters a iope to hang themselves 
‘They have now all been dismissed or 
disgiacecl.” Lysenko concluded the 
Academy meeting with the triumphant 
announcement that his views had the 
official approval of the Communist Party, 
and with the following tribute: 

“ ‘Long live the Michurin teaching, 
which shows how to transform living 
nature for the benefit of the Soviet peo- 
ple’ (applause). 

“ ‘Long live the Party of Lenin and 
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Stalm, whicli disco vciecl Miehmin for 
the world (applause) and cieatcd all 
the conditions ioi the pi ogress oi ad- 
vanced matcrnibst biology m our coun- 
tiy 5 (applause . . . all use , piolongcd 
applause )/ 5 

What is "idealist'* Menclelism? What 
aie the elements of “Moigano-Wcisman- 
mte” genetics? What is the natuie of the 
boon coni ei red on the woild by the party 
of Lenin and Stalin in discovering Mich- 
uim? In trying to answer these questions 
I am foiced to make a bael of an ex- 
pert's brief, which is difficult. I shall 
quote and paiaphrase freely. 

Eighty years ago Gregor Mendel dis- 
covered “that when different kinds ol 
peas weie ciossed, ceitam ol then char- 
acters letained theii distinctiveness m 
latei generations without any trace ol 
dilution 01 blending, and behaved as if 
they were tiansmiltcd by some kind of 



BRANCHED-WHEAT development 
has been stressed in the U.S.S.R. 
Some sueli strains are known in U.S. 


definite unit or particle in the reproduc- 
tive cells— he., that the material basis of 
their heredity was pai ticulate/* This con- 
clusion has been confirmed and enor- 
mously amplified in the modern science 
of genetics, which goes under the gen- 
eral name of neo-Mendelism. The exist- 
ence of the hei editary units postulated 
by Mendel has been demonsli atecl, and 
it is known that these particles, the 
genes, are arranged in a definite linear 
order within the cell-organs, the chromo- 
somes. Huxley compares chromosomes 
to playing cards. There are two full packs 
m the nucleus of every cell of every 
higher organism. Before a gamete— a 
sperm or egg cell— is formed, "a com- 
plicated process of pairing and separa- 
tion takes place so that each gamete has 
only one pack of chromosomes,” con- 
taining one chromosome of each kind. 
Fertilization brings two packs together, 
one from the egg, one from the sperm. 

The Mendelian laws of heredity, as 
now generally applied in research, are 


physical and statistical pnnciples winch 
govern the distribution ol genes from 
one generation to the next. The genes, 
which contain “mainly piotems together 
with a paiticuku kind of nucleic acid/' 
possess the “essential propci ty oi hlc, 
m that they aic self-copying/’ Thus 
ihcie is a continuity of germ plasm, the 
genes being transmitted from one gen- 
eiation to the next, theieby detei mining 
design, rate of growth, 1 unction, phy- 
sique, tempei ament and so on. 

This process extends to yellow-legged 
chickens, pug dogs, soft-shelled ciabs, 
chestnuts and men. The genes, in sum, 
constitute the oigan, the factoiv, the 
aicluteet and the physical basis of hered- 
ity. If you have a taste for miracles, the 
genes imply a mnacle of eternal hlc 
compared to which the analogous mira- 
cles of leligion oi spiritualism aie sticks 
in the mud. 

We come now to a critical point in the 
argument. “Neo-Mendehsni is the sci- 
ence of variation as well as ol heiedity.” 
Variations in organisms of the same spe- 
cies may spring horn heredity or from 
the effects oi environment or activity, 
and the two kinds must be sharply dis- 
tinguished. Vernations of the second 
kind, such as “darkei skin color ol white 
men who have been exposed to plenty 
of sun / 5 aie called modifications Modi- 
fications, the noo-Mendolians assert, are 
laiely if ever inheiited. The only way 
m which lire environment can piodiiee 
peimanent effects is through the evolu- 
tionary selection ol adaptive traits, with 
the result, say, in the illustration above, 
that men who darken more readily m 
the sun enjoy, with their descendants, 
an advantage in the struggle foi sur- 
vival in certain climates and societies. 

The permanent hereditary vai rations 
are due to the occasional random changes 
m genes known as mutations. “A muta- 
tion is a change of measui able extent m 
the constitution— eithei a change m 
qualtity of a single gene, oi a change 
m quantity due to the addition or sub- 
traction oi whole genes, sections of 
chromosomes, whole chromosomes, or 
whole chromosome-sets/’ Mutations may 
come about either spontaneously, or “as 
the lesult of some agency such as X- 
rays, ultraviolet radiation, or certain 
chemical substances acting on the gene / 5 

Neo-Mendelism and neo-Dai winism 
together fit into a single system— modem 
evolutionary biology— in the same way 
(though with less exactitude) that the 
facts and principles of modern physics 
fit into “a single theorelical framework, 
that of atomic physics / 5 The basis of in- 
heritance is held to be material and 
almost always particulate, and all char- 
acters of adult organisms are ascribed 
to the interaction of heredity and en- 
vironment. Evolution results from mu- 
tations coupled with selection. In the 
struggle for existence the possessors of 
mutant genes will be either at an ad- 
vantage or disadvantage in their aver- 
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age ability to survive and reproduce. 
“Mathematical calculation has demon- 
strated that quite a small advantage 
will lead m what is biologically a quite 
reasonable time to the vntual or total 
replacement of the old gene by its new 
mutant representative.” In sexual repro- 
duction the “mechanism oi heredity . . 
allows the recombination of characters,” 
i.e , mutant genes may combine with 
each other or with unmutated genes to 
produce new combinations of characters 
This process, more favorable than a sin- 
gle mutation, accounts foi many signi- 
ficant and relatively rapid evolutionary 
changes. 

This concept of a world of Mendelian 
building blocks and processes, with its 
trends determined by Darwinian selec- 
tion, has been constructed by scientists 
woiking patiently over a period of al- 
most a century. They have used experi- 
mental subjects as diveise as chickens, 
sweet peas, guinea pigs, corn, fruit flies, 
dogs and tomatoes; instruments ranging 
from microscopes and spectroscopes to 
poicelain dishes, pipettes and wateimg 
cans, disciplines including mathematics, 
statistics, physics, biology, chemistry, 
zoology, psychology, biophysics, bio- 
chemistiy and even the social sciences. 
The system is founded on observations 
and theory, as Huxley says, “inextricably 
combined.” It is subject to modification 
or even total abandonment as new facts 
are uncovered and better hypotheses 
adduced. Among its followers theie are 
shaip differences of opinion and inter- 
pretation legal ding the meaning of ex- 
perimental results, and the applications 
of various principles. It is, however, a 
coherent whole embodying the best of 
contemporary scientific method. 

Against this system must be measuied 
the theories of Lysenko and Michuiin. 
Their main thesis runs back to the theory 
of the inheritance of acquned characters, 
propounded by the French nobleman 
Jean Lamarck m 1815 He suggested 
that “detailed adaptive adjustments of 
the body and its organs to changed en- 
vironment or way of life are supposed 
to be able to produce corresponding 
changes, though of less extent, in the 
offspring, and to produce them even in 
the absence of the influences which orig- 
inally caused the bodily changes in the 
parent.” For illustration, when a land 
bird took to water, swimming stimulated 
the growth of a web between its toes, 
and this webbing was “gradually ac- 
cumulated by heredity.” (To suppose, 
says Huxley, that a change in the skin 
of a bird’s toes could influence its genes 
and thus affect its offspring is “like sup- 
posing that a telegram sent off from 
Peking in China will arrive in London 
already translated into English.”) 

Michuiin and Lysenko have modified 
classical Lamarckism. They speak first 
of a “shattering” or “shaking” of hered- 
ity by envfiorimental forces. This is 
supposed to break down the stability 


normal to the hei editary constitution, 
thus making it “labile and plastic, or 
what Lysenko sometimes calls ‘unestab- 
lished.’ ” In contrast to neo-Mendelism, 
which regards the hereditary mechanism 
(the leproductive organs) as an enclave 
within the body, only rarely affected by 
any force or substance acting on the body 
itself, Michurinism holds, m Lysenko’s 
woids, that heredity ‘is mheient not 
only in the chromosomes but in eveiy 
part of the living body You need but 
change the type of metabolism m a liv- 
ing body to bring about a change m 
heredity ” The mechanics of this change 
are descnbed by the word “assimila- 
tion.” Lysenko defines heredity as “the 
effect of the concentration of the action 
of external conditions assimilated by the 
organism in a senes of preceding gen- 
erations.” 

As examples of Michurinism in prac- 
tice, Lysenko cites certain expeiiments. 
He claims that by a modified method 
of vernalization-making winter cereals 
flower earlier by treating the seeds with 
moistui e at a lower tempei ature— he ban 
turn winter rye, hereditarily, into a per- 
manent spring type. This, he says, shows 
the effects of changing the enviroment. 
A second method of “shattenng” hered- 
ity is “vegetative hybridization”— a spe- 
cial combination of grafting and plant- 
ing. The thiid “shattering” method is 
crossbreeding. Whether or not the term 
“shattering” has any meaning, cross- 
breeding is undoubtedly a valid method 
foi producing hereditary changes, and 
it has proved particularly fruitful, Hux- 
ley admits, m the hands of Soviet breed- 
ers. Huxley contends, however, that such 
results can be explained on strict neo- 
Mendelian lines, “since a hybrid between 
two strains differing m many genes must 
inevitably pioduce a wide range of new 
gene-combinations, and therefore of 
characters, m subsequent geneiations, 
and the best of these can then be iso- 
lated and purified by selection.” 

Huxley disputes Michurinism in al- 
most every particular. He charges, m the 
first place, that the Michunnites’ whole 
attitude is unscientific “they do not 
normally employ scientific controls, 
statistical tests, or the usual scientific 
precautions, such as concern for purity 
of material”, tlieir publications of meth- 
ods and data are frequently so inade- 
quate as to prevent verification, they “re- 
peatedly make incorrect statements of 
fact” as to the work of others. Secondly, 
while vernalization itself is an estab- 
lished fact, “the hereditary conversion 
of winter into spring cereals through a 
few years’ partial vernalization, as 
claimed by Lysenko, is not an estab- 
lished fact.” Lysenko’s experiments have 
not been confirmed; his results are “al- 
most certainly” no proof of Lamarckian 
inheritance; he neglects the effects of 
selection, which here and elsewhere 
simulate Lamarckism; Huxley similarly 
criticizes the results claimed for “vege- 


tative hybridization,” emphasizing Ly- 
senko’s use of impure strains. 

None of the numerous claims made by 
classical Lamarckism, says Huxley, has 
ever stood the test of criticism and lepe- 
tition. Strong evidence against it has 
been maishaled in the famous mathe- 
matical researches of the British genet- 
icist Ronald A. Fishei. Though Lysen- 
ko’s Michurinism modifies Lamarckism 
by postulating that its effects can take 
place only aftei the “shattenng” 01 
“shaking” of heredity, this has not been 
pioved eithei, noi can the postulate be 
“easily reconciled with various facts that 
aie established.” Huxley concedes that 
many observed phenomena aie not in- 
consistent with Michurinism, but he ai- 
gues that they can all be explained as 
well or better by neo-Mendelism and 
neo-Darwinism. On the other hand, 
Mendelian genetics is able to explain a 
host of other phenomena that do not 
fit into the Michunnite system. This is, 
of couise, the crucial test of the validity 
of a scientific system— its inclusiveness, 
economy and ability to account for di- 
vergent phenomena. 

Huxley also censures Lysenko’s repu- 
diation of the methods of mathematical 
probability and statistics He says that 
Lysenko apeais to understand little ol 
mathematics, and m any case seems to 
be unwilling to accord a place to chance 
and indeterminacy m his scientific sys- 
tem, nothing short of certitude will do. 
Obseivmg that attacks on the mathe- 
matical theory of probability have come 
from othei quaiteis m the U.S.S.R., Hux- 
ley takes this as evidence that probabil- 
ity theory is incompatible with Marxism, 
or at least with Marxist ideology as now 
mterpieted. Howevei this may he, we 
do have Lysenko’s own arguments that 
the “so-called laws [of neo-Mendelism] 

. . are based entirely on chance”, that 
“with such a science it is impossible to 
plan to work toward a definite goal”, 
that physics and chemistiy have become 
“exact sciences” only as they rid them- 
selves of “fortuities”, and, finally, that 
“Mendehsm-Moigamsm” must be ban- 
ished from “our science,” because “we 
must firmly remembei that science is 
the enemy of chance ” 

Some of Huxley’s criticisms must, of 
course, be left to the judgment of other 
experts; some aie easily accessible to the 
general reader’s understanding. The de- 
scriptions of Lysenko’s personal attri- 
butes, to which Huxley devotes consider- 
able attention (“a peasant,” “piactical,” 
“a zealous Communist,” “not a charla- 
tan,” “sincere,” “fanatical,” “a medieval 
mind using what is almost a medieval 
technique”), serve to explain the vehe- 
mence of Lysenko’s opinions and the 
ideological bias underlying his side of the 
controveisy, Lysenko is an easy target 
for ridicule, and the book contains many 
choice samples of his astounding opin- 
ions. 

Yet Huxley weakens his case by omis- 



sions and overstatements. The natuie- 
nurturc controversy, decades old, con- 
tinues to bubble even m the Mendehan 
pot. Many aspects of modern genetics 
and neo-Dai winism are not only enoi- 
mously complex but admit of wholly 
conti adiqtory inferences. Even m phys- 
ics, a science much more exact than 
genetics, our period is witness to re- 
markable antitheses of fundamental 
theory. The fashionable cunent view 
that physical laws ate only statistical 
averages is 1 ejected by no less an au- 
thority than Albeit Einstein, who holds 
to deterministic theoiy and lefuses to 
believe that the behavior of matter is a 
“fundamental game of dice” [Ins words 
m a letter to Max Bom]. Huxley does 
not adequately acknowledge the differ- 
ences among classical geneticists. In the 
lole of advocate he seems unwilling to 
admit that his own cause is afflicted by 
internal divisions. Scientists m general, 
geneticists not excepted, have the usual 
social, political and economic piefei- 
ences. Huxley knows of course that the 
outlook of an mvestigatoi, honest and 
independent though he may be, affects 
his scientific inteipretations and conclu- 
sions. This book makes clear the rela- 
tion between social and political dogmas 
and Lysenko-Michnnnism; it neglects 
to make the same searching inquny ic- 
garding neo-Mcndehsm and neo-Dai - 
winism. Tins is not to imply that West- 
ern scientists aie dishonest, or to sug- 
gest that orthodox genetics is not, by 
scientific as well as pragmatic standards, 
vastly superior to Michmimsm. It would 
have been better, however, to draw the 
Western portrait with its waits. Huxley's 
case would still have been oveiwhelm- 
ing. 

The last phase of Huxley’s analysis 
attempts to answer the question. Why 
lias Michminism found favor m the 
Soviet Union? The masons are not al- 
together obvious and it is necessary to 
be lemmdcd of the bioad setting. 

The subordination of many forms of 
intellectual activity to Maixist philoso- 
phy, and the imposition of state con- 
ti ols to enforce conformity, are by now 
a familiar aspect of Soviet life. This 
has taken place, in varying degiees, m 
histoiy, music, philosophy, law and 
science. Thus far, howevei, the other 
sciences have not been caught up in the 
ideological mill as directly as biology; 
there is no “paity line” for chemistry, 
geology, mathematics and so on, except, 
as we have noted, m probability theory 
and statistics. 

The “socialization” of biological sci- 
ence has proceeded along lines of 
“appeal to immediate utility ... to na- 
tional patriotism and class sentiment, so 
that science is regarded primarily as 
an instrument of the class stm ggle and 
its national extensions.” In accordance 
with the principles of dialectical ma- 
terialism, Soviet intellectuals have found 
#t necessary to justify a philosophical 


doctune 01 scientific theoiy as material- 
ist, and in turn to 1 eject any doctrine 
or theory “to which there attaches a 
suspicion of idealism.” The term “ma- 
terialism” is thus used not only with its 
usual classical philosophical connotation, 
but as a “ceitificate of value,” a “label 
... of praise and commendation, to de- 
note conformity with official dogma.” 

Neo-Mendelism also rests on a belief 
in the matenal basis of inheiitance 
One is puzzled, theiefoie, as to why this 
system is denounced as “idealist” and 
“anti-mateiialist.” Huxley suggests an 
explanation. Lysenko and his followers 
use these terms, without much regard 
to meaning, simply because they are 
the accepted style of denunciation, and 
because “it pays to do so in Older to 
emeige victoiious in the dispute.” 

It is less easy for a scientist to un- 
dei stand why the scientists of the 
Academy as a whole back Michminism, 
“whose facts are notoriously and obvi- 
ously dubious and whose crude inter- 
pretive piinciplcs beat no lesemblance 
to a scientific theory m the accepted 
sense.” This endorsement is the more 
perplexing m view of the fact that, as 
Huxley points out, “Russian science in 
general stands at a high level.” Moie- 
over, it stiams at plausibility to make 
out the Russians, as American official 
and newspaper opinion has attempted to 
do, as diabolically ingenious and quar- 
tci-witled at the same time. To be sure, 
the totalitaiiamsm of the U.S.S R. would 
account for the Academy’s blessing once 
the political authorities had laid down 
the rule, But why weie the politicians 
won over? Huxley offeis two reasons. 

The practical leason is that the 
U.S.S. R. is “economically and techno- 
logically a backward country.” Russia 
is despeiately dependent upon an in- 
crease m agricultural yield, and Lysen- 
ko’s theones hold out the promise of a 
more rapid increase than does Men- 
delism. His results since 1935 have 
“seemed evidence of successful achieve- 
ment.” In the long run, Huxley com- 
ments, Mendelian methods of bleeding 
would have paid off moie richly, hut 
Lysenko, capitalizing on his country’s 
agricultural backwardness, including its 
unimproved and genetically impure 
strains of crop plants and livestock, has 
“energetically” introduced supeiior agio- 
nomical methods and produced some 
quick results. His methods have had “a 
salutary effect.” 

The second reason for Lysenko’s po- 
litical backing is ideological. Mendelian 
heiedity is disliked m the Soviet Union 
because it locks man into a groove of 
predestination and implies both “human 
inequality” and “human helplessness.” 
Such, at least, is the popular misappre- 
hension, though responsible Mendelians 
would regard these pat notions as ab- 
surd. Marxist politicians might be ex- 
pected to swallow such ideas, to embrace 
Lamarckism with its “promise of speedy 
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coutiol,” Lysenko-Michurinism with its 
simple, easily comprehensible methods. 
No choice could be more compatible 
with Marxian ideology, nor, indeed, with 
the aspirations of a society piofessmg 
egalitarianism, struggling to overtake the 
Western world and to overcome the 
handicap of centuries of enslavement m 
poverty and ignorance. Soviet political 
opinion was the more leadlly impelled 
to accept Michuiimsm because Mendel- 
ism, oi the idea of genetic inequality, 
had been used by the Nazis, and con- 
tinues m use by bigots, fools, and re- 
actionaries elsewhere, to justify social 
practices based on lacism. The truth is, 
of couise, that Mendelism no moie re- 
quires the acceptance of racism than 
“acceptance of the biological stiuggle 
for existence as a fact means that war 
is a good thing m human affairs.” 

“ Actually,” writes Huxley, “the effect 
of environment and social conditions is 
often so laige as quite to mask the un- 
dei lying genetic inequality; and the 
genetic vai lability of the human species 
is so well distributed that the aveiage 
genetic diffeience between different 
classes or social gioups and diffeient 
nations oi ethnic groups is negligible or 
small m its effects, compaied with the 
improvements which can be effected 
through better living conditions and bet- 
ter education Similarly, genetic piede- 
termmation is not absolute, environment 
is needed for the unfolding of man’s 
potentialities.” 

I lecommencl Dr Huxley’s book, es- 
pecially to those who hold to the old- 
fashioned beliefs that truth is the means 
to fieedom, and understanding the 
means to peace 


S ocial-Glass Influences upon 
Learning- The Inglis Lecture, 
1948, by Allison Davis. Harvard Uni- 
versity Press ($1.50). Elmtown’s 
Youth. The Impact of Social Classes 
on Adolescents, by August B. Hollmgs- 
head. John Wiley & Sons, Inc. ($500). 
Adolescent Character and Person- 
ality, by Robert J. Havighuist and 
Hilda Taba. John Wiley & Sons, Inc. 
($400). The Psychology of Social 
Classes: A Study of Class Conscious- 
ness, by Richard Centers. Princeton Uni- 
versity Press ( S3 50 ) When citizens of 
the United States are asked whether they 
belong to the upper, middle or lower 
class, the great majority choose the mid- 
dle class This lesult, consistent with the 
notion of America as the land of equal 
opportunity, has led some people to con- 
clude that consciousness of class is not a 
factor in the life of the United States. 
Traditionally, in America, anyone is 
equal to anyone else, and wealth, educa- 
tion, family— in a word, class— are not 
important. The testimony of these four 
books contradicts all of this. In sober 
language the authors describe the classes 
into which American society is organ- 


ized, and they go beyond this descrip- 
tion. Foi one’s expenences in childhood 
and adolescence, when attitudes are be- 
ing formed and when the mind itself is 
being tiamed, are strongly conditioned 
by his class membeiship. In adult life, 
too, class may deteimme one’s voting be- 
havior, and political and social attitudes 
and beliefs. Dr Davis summarizes 
studies which show that intellectual 
functioning difteis among the social 
classes. The pattern of intelligence, as 
measuied by tests, vanes with class, and 
it is cleai that the school, which stresses 
middle-class beliefs and values, is un- 
able efficiently to teach oi even to com- 
municate with those ol its students 
whose parents aie laboieis, factoiy 
hands, clerks and the like. Dr. Hollmgs- 
head, m Elmtowns Youth , describes the 
class structuie m a typical midwestem 
town and shows m detail how class mem- 
bership affects the lives of ovei 700 ado- 
lescents of high-school age. The high 
school is dominated by the higher classes 
(classes I and II). High-school parties, 
plays, clubs, awaicls and scholai ships 
aie largely theiis. Religious clubs and 
adolescent cliques seldom include mem- 
bers irom moie than two classes, and 
social intercom sc between class Vs (the 
lowest gioup) and class Is and IIs is raie 
indeed. Many adolescents of high-school 
age, mostly horn classes IV and V, had 
withdrawn from school, their jobs, lecie- 
ational pui suits and mamages aie maik- 
edly affected by class lines. Theie is 
little oppoitumty fox them to rise above 
the land of lives led by their class IV 
and class V parents. Similar findings are 
reported m Adolescent Character and 
Peisonalitij A gioup of specialists 
studied 16-yeai-old adolescents in 
“Pranie City,” some of whom had been 
studied by Di. Hollingshead m “Elm- 
town.” Character (leputation) is highly 
related to school achievement, which de- 
pends in good part upon conformity to 
the school’s middle-class values and ex- 
pectations. “Good Chaiaeter” then will 
be fosteied in families whose values aie 
the school’s values, and this is a class 
matter. Dr. Centers, thiough Princeton’s 
Office of Public Opinion Research, found 
that the majority of a sample of white, 
male adults was divided into two classes, 
the middle class and the working class 
In a large number of aieas— representa- 
tive ones are political behavior, atti- 
tudes toward jobs, leligion, and chances 
for advancement— the two classes dif- 
fered greatly m their expressed view- 
points. At least this conclusion can be 
reached from these foui books* By his 
class, ye shall know him. 

J ames McKeen Cattell: Man of 
Science. Volume I, Psychological 
Research, Volume II, Addresses and 
Formal Papers, Edited by A. T. Poffen- 
berger. The Science Press ($10.00). 
Cattell would not write an autobiogra- 
phy, giving as an excuse his unwilling- 
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Conducted by Albert G. Ingalls 

T HE Pal om dr Mountain Obseivatoiy 
possesses the largest existing exam- 
ples of two opposite types of stai 
cameras : the 200-inch— still called a tele- 
scope though it is used only photograph- 
ically— which takes pictuies of veiv nai- 
iow areas but penetrates space to a 
distance of a billion light-years, and the 
48 -inch Schmidt, which reaches only one 
third as far as the 200-mch but photo- 
graphs areas many times wider. 

The 4S-mch Schmidt is now beginning 
its first work as a systematic scout for the 
200-inch. During the next foui yeais it 
will photograph, aiea by adjacent area, 
m both red light and blue, the whole of 
the sky that is visible horn its latitude- 
three fourths of the entire area of the 
heavens. The result will be an album of 
a thousand paiis of photographic prints, 
costing $2,000 a copy, which will be used 
by other observa tones 

As this program swings along, at the 
rate of one exposure an hour when the 
skies aie clear, new discoveries almost 
surely will he made as by-products: data 
on variable stars, on novae, on clusters, 
and unexpected finds, a new asteroid 
has been found already. What, then, is 
the principle of the Schmidt, and where 
did it get its name? 

Bernhard Schmidt, the son of Swedish 
and German parents, was born m 1879 
on Nargen, an Estonian island between 
Estonia and Finland. After studying op- 
tics in Sweden he moved to the vicinity 
of Jena in Germany, where he lived ’a 
carefree life for 25 years, occasionally 
making telescope mirrors to sell to ama- 
teur and professional astronomers. He 
ground them not only by hand but with 
only one hand, he had lost his right hand 
when he was a hoy. He never married. 
Dr. Paul C. Hodges, who has investigated 
his life, says that Schmidts wants were 
confined to simple lodgings, food, cigars, 
cognac and freedom from regimentation. 
He would undertake no more mirror 
making than would barely satisfy these 
few needs, and refused positions with 
the large optical manufacturers. 

In 1926, however, he was induced by 
astronomers of the Hamburg Observa- 



tory m Beigedoif to join the staff as a 
“voluntary colleague, 57 an airangement 
that gave him freedom to 10 am the 
woods and talk to himself. In legimented 
Geimany this loose kind of anangement 
might have cost the dnector of the Ob- 
seivatory his ]ob but, as Di Plodges 
states, “instead it gave the world the 
Schmidt camera 55 Schmidt announced 
its discovery m 1932. He died m 1935, 
hut not before the significance of the 
basic principle he originated had been 
recognized by science. Even gi eater 
realization of its importance has come 
since his death. 

This is the problem that Schmidt 
solved: If only a sphencal minor could 
be used m a leflectmg telescope, the 
telescope would be free from the blur- 
ring aberration called coma Unfortunate- 
ly a sphencal mirroi suffeis from anothei 
cause of blurring called sphencal aber- 
ration To remo\e this sphencal aberra- 
tion the sphere is “collected,” that is, 
slightly deepened towaid the center to 
make it a paiaboloid. This collection m 
turn introduces coma, which, foi cutical 
uses such as stai photography, bluis all 
images not in the centei ol the field. 
Thus m picking up one bundle the sec- 
ond bundle is dropped. 

Bernhard Schmidt discovered a way 
to cairy both bundles. He analyzed the 
pioblem thus. A correction equivalent 
to a paraboloid could be made on a sepa- 
late plate of glass in contact with the 
onginal spherical mirroi. From this, 
however, there would be no gam, as 
many others had realized after having 
the same analytical thought. Schmidt’s 
stroke of genius was to think one moie 
thought— and, of course, the right one. 
He lemoved the plate from contact with 
the spherical mirror and shifted it several 
feet to the centei of curvature of the 
sphere Here both kinds of aberration 
were eliminated at once, making possi- 
ble a sharp focus ovei a bioad area on 
the photographic plate. By easy hind- 
sight, most optical woikers have noted 
how simple the Schmidt principle is, and 
have kicked themselves for not discover- 
ing it first. 

Cameras like the 200-inch that have 
paraboloidal mirroi s can photograph, 
blur-free, areas of the sky only about one 
sixth of a degree m angular diameter, 
represented approximately by holding a 
pin at arm’s length with its head facing 
the eye. The 48-inch Schmidt at Palomar 
can photograph areas six degrees in an- 
gular diameter, represented by holding 
three fingers at arm’s length against the 
sky. The ratio between the two areas 
is about one to 900. This gain was 
Schmidt’s great gift to astronomy. 

The six-degree angular diameter of 



the area photogiaphed by the 48-mch 
Schmidt is almost the same as that 
achieved by a Schmidt cameia built b\ 
the amateur astronomer John F Giegoiy 
of 3825 Bambndge Road, Cleveland 
Heights 18, Ohio. This docs not mean 
that Gregory’s 5-mch Schmidt, shown on 
page 63, equals the gieat Palomai 
Schmidt m all respects It has very much 
less powei to penetiate distant space. 

On the opposite page is a photograph 
of the Double Clustei in Peiseus and 
suiiounduig stars made by Gie gory’s 
Schmidt. The onginal ol this photo- 
graph, a little round film only 1% inches 
m diameter, was shown, togetliei with 
photographs of the Gregory instrument, 
to Di Henry Paul of Norwich, N. Y., 
an advanced amateui authority on the 
Schmidt. The Peiseus Clustei pholo- 
giaph evoked praises not often given to 
or justified by simihu attempts. “Very 
good m many, many respects.” The 
images of individual stars aic small and 
lound, showing no alienations, clear out 
to the edges of the film 

G REGORY is a senior student m me- 
chanical engineering at the Case In- 
stitute of Technology m Cleveland. Ten 
years ago, at the age of 12, he attended 
a lectui e by J. f. Nassau, head of the de- 
partment of astionomy at Case. A yeai 
later, with the help of the book Amatcm 
Telescope Making , he had completed a 
beginner’s reflecting telescope. Wisely, 
he waited to acquire more yeais and ex- 
perience befoie tackling a Schmidt. 

The lightweight tripod shown in the 
illustration is temporal y, being found too 
shaky on bieezy nights. Bolted to the top 
of the tripod is a block ol oak. To this 
the electric driving motor and the driv- 
ing-speed i eduction gearbox are bolted 
below, the mounting and tube aie bolted 
above. The mam casting of the mounting, 
as well as the fork and the gearbox, aie 
of aluminum. Giegory “patterned,” cast 
and machined them as a special project 
while taking lequired courses in these 
subjects at Case. The sloping polar axis 
is mounted m a %-mch. radial ball bearing 
at its lower (south) end. Another bear- 
ing of Di-inch diameter at die upper end 
of this axis absorbs the end thrust due 
to the cameia’s weight. 

The drive that keeps the camera m 
motion to compensate for the earth’s ro- 
tation consists of a Warren C5M syn- 
chronous motor rated at 12 watts and 
costing $13. It is attached to the lower 
end of the gearbox and rotates at four 
i evolutions per minute The drive passes 
through a differential like the one shown 
on page 323 of Amateur Telescope Mak- 
ing-Advanced (to permit the use of a 
flexible cable for hand guiding during 
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photographic exposuics), then to 18- glass would be flat enough, but I had to 

and 15-tooth meshing spur geai s, next to grind it flat with No. 600 Carboiundum.” 

61- and 75-tooth gears. All aie Boston Foi the correcting plate Gregory chose 
Gear Woiks stock gears. All the shafts the type of eiuve based on fc=l. This 

are mounted on ball beaiings. Where it gives a curve that is worked from a plane 

emerges from the gearbox the drive is surface with a neutral or deepest zone 

connected with the camera by a vertical .707 of the distance from the center of 

shaft with jaw coupling which peimits the plate to the edge. '‘Having drawn 

disconnection of the gearbox from the the curve,” he states, "I cemented half- 
unit. The next gear, above the oak board, inch-square glasses, cut from a two-inch- 

is a woim and 60- tooth worm gear square slide cover glass, to a sponge- 

pi essed diiectly on the mam worm shaft lubber kneeling pad, with most of the 

of the polar axis. The woim wheel has squaies at the ladius of the thinnest zone, 

96 teeth. tapering oft gradually toward the center 

The tube of the telescope was made and very rapidly toward the edge. After 

by a local sheet-metal worker who rolled 15 minutes" grinding with finishing 

up and butt- welded a sheet of .050-inch- cmeiy, and an horn’s polishing with 

thick 3S/aH aluminum that cost $1.70 at cerium oxide on HCF backed with 

a local waiehouse of the Aluminum sponge rubber, the lens was ready to 

Company of America (gcneial office: test. 

Pittsburgh, Pa.) . "The test described by Lower m 

"The piimary .mirror was made from Amateur Telescope Making— Advanced, 

a 6-inch plate glass blank, ground and page 412, was found to be satisfactory, 

figured to a sphere of 14-inch focal but I used a Ronchi grating instead of a 

length,” Gregory says. "Thus if the 5- slit, making it by photographing a coaise 

inch stop in the focal plane were re- grating on film to give about 80 lines 

moved the focal latio would be 2! a, but per inch. Placing this film at the focus 

with it the working focal latio is /3. The (within half an inch) and viewing the 

5-inch stop provides for equal illumina- miiror through the lens from a distance 

tion ovei an area as large as a 4-inch stop of 10 feet or so, I discoveied that all ex- 

would pi ovide if placed at the mirror s cept the outer inch was satisfactory. Re- 

ccnter of curvature. Because the curve is grinding, polishing and testing from 30 

so deep, the figure tended to remain leeL finally gave a much-longed-for ap- 

sphciical during polishing and little trou- peanmee of parallel lines, 

ble was experienced in figuring. "The longitudinal focusing meclia- 

"The glass for the correcting plate was nism I evolved is shown in the dr awing, 

hom an Air Corps filter I thought this It is the easiest arrangement I know of 



John Gregory* s Schmidt photograph of the Double Cluster in Perseus 


POCKET MICROSCOPE 

See for yourself with this fascinating pencil- 
size microscope. Clips on to your pocket; you'll 
be proud to own this amazingly powerful pencil- 
size microscope. Ideal for people in all walks 
of life. Holds unlimited fascination for both 
young and old. Replaces costly instruments. 
Magnifies 20X, Instant focus. Excellent wide 
field. Aluminum body, beautifully satin-finished 
Hundreds of uses Makes handy inspection in- 
strument. See for yourself. Order C|f| 

today. . . Postpaid 

RADIOMETER 

American-made. Balanced four-arm vane turns 
when exposed to light. Demonstrates radiation 
principle 

GUARANTEED to operate. IN- 
SURED POSTPAID. 


$6.50 


BLACK LIGHT 

Ideal for the study of minerals. Observe the 
colors of fluorescent materials under the 250 
Watt Purple X Lamp (Black Light) Why do 
white onions fluoresce milky blue while the 
peelings remain wholly negative? These results 
and many more are obtained under the same 
lamp. Minerals from different parts of the coun- 
try give off different colors. Order a BLACK 
LIGHT and three brilliantly |%|% 

fluorescent minerals for only 

Express Collect, 

TELESCOPES 

Popular American Makes 

5X Telescope $2.00 0X Telescope $7.50 
Wollensak vari-power 15 to 40X , , , $24.50 

MINERALS 

Learn to Identify minerals. Know their relative bald- 
ness by use of the Moh’s Scale of Hardness. A special 
combination offer of two boxes of minerals, containing 
59 different specimens and a mineral handbook 
describing more than 100 minerals with notes on 
how to collect minerals and thoir study, _ 
Postpaid $2.50 

ALNICO TRICKSTERS 

Super-powerful permanent bar magnets with which a 
large variety of astonishing gravity-defying tricks 
can be performed. TwcS bars including trick sheet. 
50c plus 10c postage. 

GYRO-TOP 

Demonstrates the principle of the gyrocompass. A 
source of entertainment and scientific facts for all 
ages. Complete with all accessories. , . « c 

. . Postpaid 

COMPASS 

Surplus Army Engineers compass in brass watch case 
with snap cover, jeweled bearing, self-locking needle 
with luminous points, l'/ a " dial. 

, Postpaid olte 

POLAROID 

Experiment with polarized ligfrt Get two 

pieces of 2" x 2" genuine polaroid film that 
can be used in photography, pe- (PI 
trology, physics, chemistry, as- ^yJUUU 

tronomy, etc Postpaid 

Mounted in optical glass 3" diameter (72mm) 

$1 25 each, 2 for $2.00 Also I" (25mm) 60c, 
2 for $1.00 


HARRY ROSS 


Scientific and Laboratory Apparatus 

70 West Broadway, New York 7, N, 
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7 x 50 


BINOCULARS 

MADE TO RIGID MILITARY SPECIFICATIONS 

Brand New 
$' 



These magnificent, imported 7x50 prism binoculars 
have the brilliant luminosity^ precise clarity, and 
wide, undistorted field of view obtainable only 
with a good large glass Because 7x50 glasses give 
the highest performance obtainable they are now 
the official choice of the Army, Navy and Marine 
Corps This is your opportunity to purchase a 
brand new 7x50 AT i/ 3 OF THE USUAL COST 
Lifetime construction Lightweight aluminum 
body Individual eye focusing Ultra-precise op- 
tics, sealed against moisture and dust Unques- 
tionably the greatest binocular value available 
anywhere Sold with a guarantee of satisfaction 
or money refunded 


Price With 
Regular Optics 

$36* 


Price With 

Coated Lenses & Prisms 


$46* 


*Plus 20% Federal Tax 
IMMEDIATE DELIVERY. WE PAY THE SHIPPING COST. 
Catalog of Telescopes, Microscopes, Binoculars 
Free on Request 




Dept. 11K, 24 W. 45th St.. New York 19, N. Y. 
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ACHROMATIC TELESCOPE OBJECTIVES— Pirfeet 
Mdfpw-iiuiu riuuride Coated and cemented Gov't 
surplus lenses made of finest Ctouvn and Tlint 
optical clns . Thc> ne fully corrected and have 
tremendous rtsolvmj? pov c*t Guaranteed well 
suited foi Astronomical Telescopes, Spotting 
Scones, etc Original Gov’t cost approximately 
S 1 OO 00 each 


Diameter 

Focal Length 

Earli 

.liun/m < 2 VO 

CO Ora /in (23 V) 

$12.50 

7inn/ni ( j 

JSlra/m (15"> . 

$19.00 

''Im'm Oi 

6 2 2 m / m (24 V') 

$22.50 

S3 in/ m (3 V0 

SrGm/w (34V') 

$28.00 

iUu/ro (3V'J 

lfllGra'm UO") 

$30.00 

Aft DAUICP TELESCOPE 


Coated Lenses 


AOX— FINE for Astronomy 

30X— SUPERB for Long Distances 

20X— EXCELLENT Spotting Scope 

10X— WONDERFUL for Close Study 

Precision American Made variable powei Telescope 
* nut vim surplus! FOUR TELESCOPED in One 
H)X. dOX, JQX, and 4U\ Magncsium-tlunride 
Haul Coated lenses Achromatic Olmctive lens 
s" mi dm Length closed open 

-7 1 Muminmn and hr iss construction through- 
out Genuine Leather covering Weight ^42 50 

3X ELBOW TELESCOPE 

\\ til make d nice limler Brand 
new. Has 1* Achromatic Objettive, 
Amid Prism Em ting 
SWem 1'%" At lira - 
mat it Eve and Pu'ltl 
Lens Reticle Small, 
euiupait, light weight 
2 Itis 56.50 

LENS CLEANING TIS5U E-Here is a Wonderful 
Gov’t .surplus Buy of Pertect Paper which was 
made to the highest Gov’t Standards and speci- 
fications 100 sheets, *.« 2- 

hite 7W2» a. 1 1» . ^ 5 1 -00 



“FREE CATALOGUE” 

:ensational Optical Bargain; 
Send for It Today 1 ! 


WE PAY THE POSTAGE 
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Gregory's differential focusing mechanism 


for "squaring- on’ the spider and finding 
the focus precisely, micrometrically, yet 
quickly. I thieaded a shoit stud one inch 
in diameter with 24 threads per inch and 
pi ess-fitted it to the spidei. A second 
stud, movable, was thieaded with 20 
threads pei inch. A lotating biass collar 
was made in two pieces, one half 
threaded with 24 tine ads per inch and 
the other with 20 tlneads pei inch, and 
the two halves joined with screws. This 
collar moves the movable stud longi- 
tudinally at a veiy gradual, conli oil able 
late. As the collar is turned one revolu- 
tion it moves on the fixed stud Yi\ inch, 
but at the same time off the movable stud 
^ 20 inch. Since the movable stud is con- 
strained against lotation by a concealed 
pin shown in the drawing, it moves 
only Vk\ inch— VA inch, or a delicate 
liso inch, with respect to the stationary 
stud. 

“In adjusting the focus, which is deli- 
cate on a Schmidt, where everything is 
critically sensitive, a senes of exposmes 
aie taken without moving the plate- 
holder on the stud. After each exposure 
the collar is rotated, the camera also be- 
ing moved in decimation so that the next 
exposuie will not fall on the first. In this 
manner one can focus and square-on 
after about three test plates. 

"The plateholder fits over and remains 
on the movable stud by friction, and con- 
sists of a camera filter adapter, a flat 
metal back-plate, a black paper disk, the 
film held flat, and a crown glass plano- 
convex field flattener lens (radius of con- 
vex curve 5 inches), all m the stated se- 
quence and all piessed into mutual con- 
tact by die retaining ring. The field 
flattener for the convex field character- 
istic of the Schmidt camera was resorted 
to after unsuccessful attempts to keep 
tlie film from humping out of contact 
with the conventional convex base. Ex- 
cept for flare due to reflection around 
bright stars, it has worked very well, es- 
pecially since it was coated. 

“Gn nights with no haze or smoke I 


can expose for an hour before sky illu- 
mination fogs tlie film. 

"Tlie guide telescope is a 2-incli le- 
fractor and is loo small: it is unfortu- 
nately veiy hard to guide on faint stais 
with it, 

""Foi visual observation I have a diago- 
nal and a 16-nim ortlioscopic ocular, 
held on a metal plate diat fits over the 
side oi die tube. Because of the steep 
cone of light, images are good over no 
more than a three-degree diametei field, 
but most Schmidts aie not used visually 
at all.” 

O NE more source of puzzling sciatches 
on optical surfaces lias been tracked 
down. Carl E. Wells of Roseville, Cahh, 
reports that D. A. McLaien of Hun teds 
Point, Calif., was long baffled by unac- 
countable scratches, as are many other 
woikers. His inspiration was to examine 
the chamfer at the edge with a micio- 
scope. He was astonished to note the 
mannei m which this pait was fractuied. 
Acting on the hypothesis that these tiny 
fractures break off during polishing and 
scratch the glass, he threw away the 
Carborundum stone used to make the 
cliamfei and substituted a piece of glass 
and loose Carborundum grains No 600. 
This stiatagem finally put an end to his 
scratches 

Ironically the use of a Caiborundum 
stone foi cliamfei ing is lecommended m 
Amateur Telescope Making (pages 286 
and 296) for the prevention of scratches f 
It prevents some sciatches m a manner 
that apparently causes otheis. The his- 
tory of the telescope making art from 
its beginning has been one of additional 
learning. 

UR SUN , by Donald H. Menzel, as- 
sistant directoi of the Harvard Col- 
lege Observatory, covers the current 
status of solar research from all its major 
angles: an easy approach, the basis of 
astrophysics, solar chemistry, the prob- 
lems of sunspots, or solar cyclones,* fine 





details of the solar smface, solar promi- 
nences as phenomena ot explosiveness; 
the coiona mysleiy; atomic eneigy and 
the sun’s mteiior, solar eclipses, and the 
sun as a source ol energy for man’s use 
This covei age is as broad and as deep as 
that of a textbook with the happy differ- 
ence that, not being dragged down by 
the consciousness that he is wilting a 
textbook for use in the discipline and to 
be ciiticized as such by otheis, an author 
can write moie leadably and the pub- 
lisher can print more atti actively. The 
lesult, m the present instance, combines 
the values of both qualities. Dr. Menzel 
has done much writing foi lay leadcis 
and his style is as straightfoiwaid and 
unstilted as that ot a lectuiei before an 
intimate audience. The subjects dealt 
with aie technical, the book is by no 
means light. It deals with solid sub- 
jects at the upper middle level of un- 
dei standing. 

Another new book is Shjshooting, by 
R. Newton Mayall and Margin et L. May- 
all. It calls to the attention ot owners ot 
ordinary cameras a wide vaiicty ol easily 


available photographic activities that 
many of them have missed, piobably be- 
cause precise instructions have not been 
available. The activities systematically 
and practically, not loosely, dealt with 
aie- photographing stai trails, a first ap- 
proach; photographing the aurora pref- 
erably with Leicas and with fast or color 
plates, a next step in the Older of diffi- 
culty, meteoi photography, which will 
call foi patience and tenacity, photogra- 
phy of selected stai fields, using ordinary 
cameras or homemade box cameias (a 
simple design is described) together with 
guiding aids on simple equatoiial mount- 
ings, photogiaphy of vanable stars at 
intervals that reveal then changes, pho- 
tography of new stars, comets, clusters 
and nebulae, and of sun, moon and the 
planets. Data on exposure time and de- 
velopment aie included in this practical 
and self-contained working book Begm- 
neis in astionomy will find more new 
data m this book than advanced ama- 
teuis. The junior author is a member of 
the staff ot the Harvard College Ob- 
servatory. 
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ASSEMBLE YOUR OWN BINOCULARS 


Save More Than V2 Regular Cost 


GOVT’S 7x50 
BINOCULARS 


Complete Optics, com- 
plete Metal Par ts New 
and lt'iuly for assembly, 

We supply fun instruc- 
tions 

METAL PARTS— Set in- 
< hides all Me til Baits— 
completely finished foi 
assembly of 7 x 50 Bin- 
ocuiais No m u tuning 
required A sUmh Bin- 
ot uldi tauvfiig Case is 
optional with each set 
of Metal Paits i 

Stock 44842-S— $39 40 
Postpaid, plus $4 80 
foi Case— loLal S44 20 
OPTICS— Set includes, all 
Lenses and Pi isms you 

need lot assembling 7 \ 50 Binoculars These me in excel- 
lent condition— petfcel or near per feet— anrl hrue new hnv 
inflection mating 

stock 4 tSI 02 -S — 7 \ r»0 Optics .$2S.00 Postpaid 

(These aie standard Ament an- made parts not ,Tnp- 

ineso, French or C.ei imm ) 

NOTICE 1 If >ou Inn both ninoeulm Optics and Binocular 
Meld Parts, add 20 'V Federal L\< Iso Tax to above prices 

Also Gov’t 6 x 30 Binoculars Write for Catalog “S” 


MOUNTED ANASTIGMAT LENSES 


Use foi Pi electors, LnJargeis, Copying C mieias Com- 
plete with S hu Ltoi and Diaphragm Value about <iU<) An 
excellent buy WE WriL INCLUDE FREE IM USTUATED 
BOOKLET oil HOW TO MAKE YOUK OWN LNI AIHrEIt 
Stack 448004-S Speed f/7.7, focal lenjyth appmx 127 
turns Suitable fm pictures, negatives, positives up lo 
3Mr" x H/i" , , . 57 50 Postpaid 

Stock &8006-S Speed ol f/7 7, focal length approx 
100 nuns Suitable loi pietiues, etc , up to iii-V' x 
h l/ i" - . . $8 SO Postpaid 

Stock 41 8O07-S Speed of f /6 toeal length approx 100 
mms ,$9 SO Postpaid 

SIMPLE LENS KITS'— THE LENS GRAFTERS DE- 
LIGHT' Fun fm adults' Fun foi children! Kits include 
plainly written, lllustiated booklet showing how you < ,m 
lniikl lots of optical items Use these lenses In photogi ipliy 
Tor copying, ULTRA CLOSE-UP SHOTS, Mill ophologr apliv. 
fm “Dummy Canreia”, hodaeluome View ot , Detachable 
Ileilex View Flndei foi .15 mm camci is, Stmeosi oplc 
Viewer, gimuul glass and enlarging toeusing aids And 
fm dozens of othei uses m experimental optics, building 
TELESCOPES, low power Microscopes, etc 
Stock 42 -S— 10 lenses . $1.00 Postpaid 

Stock 445 - 5—45 lenses , $5 oo Postpaid 

Stock 4410-S— 80 lenses . ,, $lO OO Postpaid 


We have Literally Millions of WAR SURPLUS LENSES 
AND PRISMS FOR SALE AT BARGAIN PRICES 
Write for Catalog "S" — SENT FREE! 
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JL. For some people, you could not choose 
^ a more perfect Christmas gift than 
tli e next twelve monthly issues oi the new 
SCIENTIFIC AMERICAN 


k . They are the triends on your Christmas list who 
share your interest in science Like so many sub- 
scribeis already enrolled, they have long wanted to see 
such a magazine published. 


★ 


For readers tor whom it is designed — tor laymen as well as pio- 
fessionals in science — this magazine is the perfect gift. At our 


money-saving Christmas rates, no other gitt will be so well-appi ectated. 


JL This Christmas (oui second), we ha\e made caietul prepaiations to tulfil! 
^ youi gift orders Use the coupon below' (or postage-paid oider-foim facing 
page 56) to place your ordei today. Please act promptly so w~e can stait voui gift 
subscriptions with the Christmas issue. 
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Readers interested in further leading 
on the subjects covered by articles m this 
issue may find the lists below helpful 
The lists are not intended as bibliogra- 
phies of sowce material for the articles 
The references selected will provide sup- 
plementary information 

ARMS RACE V. CONTROL 
The International Control of 
Atomic Energy The Thiid Repot t of 
the United Nations Atomic Eneigy Com- 
mission to the Secuiitv Council, May 17, 
1948. Department of State U. S. Gov- 
ernment Pi mtmg Office, 1948 

A Report on tiie International 
Control of Atomic Energy Prepmed 
for the Societal y of State’s Committee 
on Atomic Eneigy by Chester I. Bar- 
naul, 1 R. Oppenheimer, Chailes A. 
Thomas, Ham A. Winne and David E. 
Lilienthal Douhledav and Company, 
1946 


SHOCK WAVES 

Supersonic Flow and Shock Wa\ es. 
R Com ant and K O Fiiechiohs. Intel - 
science Puhlisheis, Inc , 1948. 

THE APE-MEN 

Up from the Ape Earnest A. Hooton 
The Macmillan Company, 1946. 

Apes, Glvnts and Man. Fianz Wei- 
demeich Umvcisitv of Chicago Pi ess, 
1946 

FIVE HISTORIC PHOTOGRAPHS 
FROM PALOMAR 

First Photographs wttii tiie 200- 
Inch Hale Telescope Edwin P. Plub- 
ble m Publications of the Astiononncal 
Society of the Pacific, Vol. 61, No. 360, 
June, 1949 

A Night on Palomar Albeit G 
Ingalls in Scientific American , August, 
1948 


VISIT TO ENGLAND 
Fear, War, and the Bomb. P. M. S. 
Blackett. Whittlesey House, 1949. 

Nuclear Forces. Leon Rosenfeld. 
Interscience Publishers, Inc , 1948. 

FLUOROCARBONS 
Fluorocarbons. J. H. Simons and 
L. P. Block m Journal of the American 
Chemical Society , Vol. 59. page 1407, 
1937 and Vol. 61, page 2962, 1939. 

DEMOCRITUS ON THE ATOM 
Selections from Early' Greek 
Philosophy'. Edited by Milton C. Nahm. 
Appleton-Century-Crofts, Inc., 1947. 

NATURAL PIISTORY OF A VIRUS 
Virus as Organism Frank M. Bui net. 
Harvard University Press, 1946. 

Viral and Rickettsial Infections 
of Man. Edited by T. M. Rivers. J B. 
Lippincott Company, 1948. 




With television, you see far beyond 
the horizon. Radio brings you sounds 
from aiound the world. Election mi- 
cioscopes peer deep into the world 
of the infinitesimal. 

These, and other “leaves” on our new 
tree of knowledge are rooted in creative 
reseaich— as canied out at RCA Lab- 
oiatories m Piinceton, N. J. Here, re- 
search scientists seek new scientific 
principles, improve on old ones, or put 
them to new uses. 


Aheady on their achievement list aie 
hundreds of important and basic develop- 
ments in electronics, television, radio, 
electron tubes, radar, and recorded music. 
RCA research works continually to give 
you better products. 

Examples now working for you in- 
clude: Today's sharp-eyed Image 
Orthicon television cameras, television 
pictuie tubes, compact portable radios 
made possible by tiny new RCA elec- 
tron tubes, the 45-rpm record-playing 
system with the fastest record changer 


ever devised and distortion-free lecords. 

Research in your behalf: Creative re- 
search mto new principles is another 
way m which RCA Laboi atoi ies work 
to improve your way of living. Lead- 
ership in science and engineeiing adds 
value beyond price to any pioduct 01 
seivice of RCA and RCA Victor. 

Examples of the newest advances in radio , 
television, and, electronics —in action— may 
be seen at RCA Exhibition Hall , 36 West 
49th St,, N. Y. Admission tsfree. Radio Cor- 
poration of America , Radio City, N. Y. 20 . 
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Patented design seals off upper 
surface of each prism with Neo- 
prene ring . , . Protects precision 
optics from dust and dirt . . . 
Assures maximum clarity and 
accuracy, life-long service. 

WIDER FIELDS! 

Critical focus on larger area than 
ever before . . . Advanced design 
optical system insures true stere- 
opsis . . . Finest optics ever pro- 
duced for wide field work. 


Higher eyepoint • Dustproof 
nosepiece • Sturdier mechanical 
construction * and many other 
advantages you’ll want. 


'///l V- today for complete information and demonstration. Bausch 
Sy/Z'C(£ / & Lomb Optical Co.,781-L St. Paul St., Rochester 2, N. Y. 
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Sirs. 

This lettei will not discuss matenal 
that has appealed in Scientific American , 
but will report an event that should be 
of mteiest to your leaders. 

The ever-increasing specialization in 
all fields of human endeavor has had at 
least one very unexpected result: the 
decay of our civilization, which can m 
part be traced to the disiegard of moral 
and ethical values. 

In foimer times scientists were in- 
evitably also concerned with the philo- 
sophical quest foi the meaning of the 
universe and man's place in it. This quest 
led automatically to an establishment of 
moral values. 

Specialization has resulted in a com- 
plete separation of professional problems 
from ethical ones. Scientists— like other 
people— sell their skill, as it were, m the 
maiket place. This does not mean, how- 
ever, that scientists have no ethical oi 
moral values It does mean that in gen- 
eral they do not attempt to apply these 
values to the selection of the pioblems 
they woik on. 

Recently a society— the Society foi 
Social Responsibility in Science— has 
been formed which links men and wom- 
en who do not agree with this compart- 
mentalization and who, being aware of 
the social responsibilities of then work, 
aie determined to apply viewpoints of 
ethical and moral values to the selection 
of it. In our present-day society this is 
not easy because from a moral and ethi- 
cal viewpoint mass killing is not admissi- 
ble, and yet the greatest part of the 
scientific endeavoi at present is con- 
trolled by and devoted to military aims, 
which implies mass killing. 

The constitution of the above-men- 
tioned society states its aims to be as 
follows* “to foster throughout the world 
a . . . tradition of personal moral respon- 
sibility for the consequences for human- 
ity of professional activity, with empha- 
sis on constructive alternatives to mili- 
tarism, to embody in this tradition the 
principle that the individual must ab- 
stain from destructive work and devote 
himself to constructive work, according 
to his own moral judgment; to ascer- 
tain , . . the boundary between construc- 
tive and destructive work, to serve as a 
guide for individual and group decisions 


LETTERS 


and action; to establish and opciate an 
employment service . . . lor those indi- 
viduals whose convictions necessitate 
leaving or lef using destiuctive work, to 
assist those individuals who suffci eco- 
nomic 01 legal difficulties because of . . * 
abstaining from . . . destiuctive activity.” 

VICTOR PASCHK1S 

Piesident, Society for Social 
Responsibility in Science 
Neshanic Station, N. J. 

Siis. 

Your article entitled “Enzymes m 
Teams” by David E. Gieen is veiy m- 
teiestmg and well done. Plowever, I 


would like to point out that the author 
evidently is not acquainted with an im- 
portant piece of woik done m this field. 
He states, . . m the animal body the 
con vei sion ol glycogen to glucose 01 of 
glucose to glycogen is piofoundly af- 
fected by hoimones such as adienalm or 
insulin. But no one has succeeded in 
showing that the reconstructed process 
m the test tube is sensitive to the action 
of these hormones, m otliei woids, it has 
yet to be demonstrated that insulin or 
adicnalin act on isolated enzymes.” 

Colowick, Cori and Slein state m the 
Journal of Biological Chemistry , Vol. 160, 
p. 633, 1945, and Vol. 168, p 583, 1947, 
that hexokinase, which catalyzes the re- 
action: glucose -f adenosine triphosphate 
— y glucose-6-phosphate 4- adenosine di- 
phosphate is inhibited both in vivo and 
in vitro by adienal coitical hormone and 
anterior pituitary hormone working m 
coopeiation, and that this inhibition is 
antagonized by insulin. The above reac- 
tion is a step m the conversion of glyco- 
gen to glucose and vice versa 
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ERRATA 

The chart of the International 
Phonetic Alphabet that appealed 
on page 23 of the September is- 
sue oi this magazine was not 
piopeily ci edited. It is adapted 
from The American College Dic- 
tionary with the kind pei mission 
of the copyright ownci. Random 
blouse, Inc. 

The caption on pages 38 and 
39 of the November issue, per- 
taining to the penetration of 
space achieved by the 200-mch 
telescope, contained the figuie 
“thousand billion light-years.” 
This should have been “thousand 
million light-years.” 
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CLARENCE M. COBB, JR. 
Blue Island, 111. 

Sirs. 

Careful reading of the papeis from the 
Cori laboiatoiy will disclose that the m- 
hibitoiy effects on hexokmase which 
were reveised by insulin weie brought 
about by extracts of anterior pituitary 
and adrenal cortex. There is no pub- 
lished evidence that the effects of these 
extracts can be lef erred to any of the 
known hoimones. Vaiious investigatois 
have extended these original obseiva- 
tions of the Cori group and theie is now 
moie information about the specificity of 
the effects bi ought about by the glandu- 
lar extracts. Mirsky and Broh-Kahn have 
leported that extracts of spleen like the 
glandular extracts can produce inhibi- 
tions of hexokinase which in some cases 
are reveised by insulin. Stadie and Zapp 
have also published an extensive study 
which does not support the view that 
the physiological role of insulin is that 
of relieving the inhibition of hexokinase 
induced by diabetogenic hormones. Thus 
there is m my opinion no conclusive 
published evidence that hoimones can 
act on highly purified enzymes m the 
same way as they are known to influence 
these same enzymes in the intact cell or 
tissue. 

DAVID E. GREEN 

Institute for Enzyme Research 
The University of Wisconsin 
Madison, Wis. 


NEW high-accuracy 
RADIATION 
STANDARDS 

The United States Radium Corporation 
now offers you a new type of radiation 
standard for dependable, accurate recali- 
bration of Geiger counters, ionization 
chamber survey instruments, and radiation 
dosage meters. 

Through a method based on the incorpo- 
ration of radium (or related element) in 
foil, these new radiation standards offer 
greater latitude in design — configuration of 
the standard can be easily fitted to your 
particular instrument or counter tube. The 
new type is available as a point source or 
as a linear source (see illustration), cali- 
brated for alpha, beta, and gamma 
radiations. All standards are produced only 
to special order, but can be accurately 
duplicated at any time. 

In addition, U. S. Radium Corporation 
can supply the conventional type of radia- 
tion standard, consisting of hermetically- 
sealed capsules containing a radium salt. 

SPECIAL STANDARDS 

While radium is a suitable source of radia- 
tion and is used in most of these standards, 
frequently arrangements can be made to 
supply standards utilizing a source of either 
virtually pure beta or gamma radiation 
alone. 

INQUIRIES INVITED 

U. S. Radium Radiation Standards meet 
the most exacting needs of research, in- 
dustry, and medicine for recalibration or 
on-the-spot checking of radiation measuring 
equipment. We will be pleased to answer 
your inquiry about them. 



Please address Dept. 1-5 

UNITED STATES 
RADIUM CORPORATION 

535 Pearl Street • New York 7, N. Y. 





50 AID 100 YEARS AGO 



D ECEMBER 1899. “Mars may al- 
most be said to have lost his 
popularity of late. During the last 
opposition comparatively little was seen 
of the puzzling system of streaks called 
canals, which have given birth to so 
many fancies concerning Mars, and al- 
most nothing new seems to have been 
learned. It is tiue that the planet was not 
well situated for observations, but at the 
same time disappointment has been felt 
ovei the meager lesults obtained.” 

“How have our views as to matter 
changed and how are they constantly 
changing! We cover the atom with 
patches of electiicitv here and there and 
make of it a system compared with which 
the planetary system is simplicity. Nay 
more: some of us even claim the power, 
which Newton attributed to God alone, 
of breaking the atom into smaller pieces 
whose size is left to the imagination.” 

“The stupendous Zeppelm airship is 
now nearing completion on its floating 
dock m Lake Constance. Its proposed 
speed is 22 mile's an hour, and hence it 
will be helpless against a wind of that 
velocity. It is in providing a motor suf- 
ficiently powerful to propel the huge 
structure against a strong opposing wind 
that the difficulty lies This has never 
been accomplished as yet, and theie is 
no expectation that even the mammoth 
Zeppelin airship will be able to make 
headway against anything stronger than 
a moderate breeze. Nevertheless, if this 
distinguished German succeeds in 
achieving this speed with an airship 
capable of carrying a crew of several 
men, he will have placed the problem of 
aerial navigation on a practical basis 
which it has never hitherto reached.” 

“The present indications are that as 
long as balancing is dependent upon the 
sensations and voluntary control of the 
operator, aeroplane navigation wall re- 
main a very hazardous and fatal form of 
recreation. It is evident that some meth- 
od of automatic mechanical control is 
necessary, and the results achieved by 
Professor Langley on the Potomac River 
indicate that such control is within the 
possibilities of the future. In perfectly 
still air the Langley steam-driven aero- 
drome achieved a steady flight of three- 
quarters of a mile at a speed of thirty 


miles an hour. But although this was a 
tiuly wondeiful result and speaks elo- 
quently for the skill and unconquerable 
perseverance of the mventoi, it is a far 
step from that to a machine oi com- 
mercial or military utility, capable of 
carrying its freight m any direction m 
all possible conditions of wind and 
weather.” 

“In lecent years bacteriological sci- 
ence has proved beyond the possibility 
of cavil that in the great cycle of change, 
fiom the organic matter m the soil to 
the elaborate products which aie ab- 
sorbed by the roots of the plant, the bac- 
teria of the soil are the gieat, and indeed 
the only agents employed. It is also a 
proved fact that the wait-like excies- 
cences on the roots of leguminous plants 
are the camping grounds of myriads of 
bactena which possess the property of 
being able to absorb the fiee nitrogen of 
the atmosphere and render it favorable 
for the use of plants.” 

“President McKinley has at last ridden 
m an automobile actuated by steam.” 

“The success of the tests of the* - Hol- 
land submarine torpedo boat, recently 
made at Pecomc Bay, on the north coast 
of Long Island, assuredly marks the ad- 
vent of a new era m the development of 
submarine craft designed for offensive 
operations in war. The vessel was on 
several occasions under water ior inter- 
vals of more than twenty minutes, and 
demonstrated her ability to i espond to a 
summons to sink beneath the surface, 
approach a ship, discharge a torpedo, 
wheel about in her couise and return to 
a place of safety, all within a space of 
consideiably less than half an houi.” 

ECEMBER 1849. “Some of our 
railroads, we hear, are expen- 
mentmg with soft coal. It is time 
that wood was dispensed with by our 
railroads. Our forests, vast though they 
be, deserve a better fate than to be eaten 
up by the iron horse, when fuel from be- 
neath the surface of the earth will do 
just as well.” 

“Two gentlemen a short time since, 
ascended in a balloon from Bedford, 
England, and when at an elevation of 
two miles, they got into a cloud of sleet 
and snow, and die balloon was quickly 
covered with ice. In trying the valve, 


above and below, it was found to be 
frozen. In this emergency, they applied 
a kniie, and made an incision of twenty- 
four inches, m the silk. The gas issued 
foith m one continuous stream, and thus 
the aeronauts were rescued from the jaws 
of desti notion. They descended safely. 5 * 

“Shortly after the brilliant discovery 
by Faraday of the lotation of the plane 
of polarization of light produced by mag- 
netism, M. Waitmann announced that 
he had tried the same experiment upon 
radiating heat. Several persons are said 
to have failed m the attempt to re-pro- 
duce the phenomenon, but MM. de la 
Prevostaye and Desams have succeeded, 
modifying, however, the process of M 
Wartmann. They lully believe that then 
experiments establish, beyond a doubt, 
the rotation of the plane oi polarization 
of heat under the influence of mag- 
netism.” 

“M De la Rive experimentally sup- 
ports the hypothesis that the luminous 
matter of the aurora is due to the electric 
fluid contained m the atmosphere at 
great heights, where the air is larcfied. 
This explains, he thinks, why the mag- 
netic pole is always the apparent centre 
from which the light that constitutes the 
aurora borealis proceeds, or towards 
which it seems to converge.” 

“By the latest news from California we 
learn that a Constitution has been adopt- 
ed, and they are knocking ior admission 
into the Union. Gold is still plenty, and 
the prospects still good, with haul woik 
and a good chance for sickness.” 

“We have often thought that no city m 
the world could show such a rapid in- 
crease as that of New York, but a recent 
Parhamentaiy paper proves conclusively 
that we were very much mistaken. In ten 
years, from 1839 to 1849, the mciease 
of the inhabitants of London has been 
325,904; and 64,058 houses have been 
erected, 1,642 new streets opened, of 
200 miles in length. It now numbers 
2,336,960 inhabitants. What a Babel 1 ” 

“Census of flie United States. 1830, 
12,866,020; 1840, 17,063,353. In 1850 
the population will be 23,T49,309. 
Eighty years hence will find the popula- 
tion of the United States 240,000,000; 
quite equal to the present population of 
Europe, or one-fourth the population of 
the world.” 



4 





1 1 mmi 

mmmsmmim 


They Packed a Pole Line Into a Pipe 


Back in the eighties, telephone executives faced 
a dilemma The public demanded more telephone 
service. But too often, overloaded telephone poles 
just couldn't carry the extra wires needed, and 
in cities there was no room for extra poles. Could 
wires he packed away in cables underground? 

Yes, but in those days wires in cables were 
only fair conductors of voice vibrations, good 
only for very short distances. Gradually cables 
were improved; soon eyeiy city call could travel 


underground, by the early 1900's even cities far 
apart could be linked by cable. 

Then Bell scientists went on to devise ways 
to get more service out of the wires. They evolved 
carrier systems which transmit 3, 12, or even 15 
voices over a pair of long distance wires. A co- 
axial cable can carry 1800 conversations or six 
television pictures. This is another product of 
the centralized research that means still better 
service for you in the future. 

EXPLORING AND INVENTING , 
ECONOMIES IN TELEPHONE SERVICE 



BEIL TELEPHONE LABORATORIES 

DEVISING AND PERFECTING , FOR CONTINUED IMPROVEMENTS AND 
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Model 356 
Alpha survey meter 


Model 263B 
Beta and gamma 
survey meter 



The A B and G 
of fine 

radiation instruments 


Sturdy, reliable, portable survey 
instruments to measure alpha, beta 
and gamma radiation. Catalog 
material and detailed information 
available on request. 


Model 247A 


Gamma survey 
meter 
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Quality components including hu 
megohm resistors — sub-miniature 
tubes — and complete line of G-M 
counter tubes available without delay , 

Write for information and data sheets . 


THE VICTOREEN INSTRUMENT CO. 

5806 HOUGH AVENUE 
CLEVELAND 3. OHIO 



THE COYER 

In the center oi this month's covei 
painting is a crystal ot ethylene dia- 
mine tartiate (EDT), the piezoelec- 
tric propei ties of which assist modern 
telephone communication (see page 
46). This crystal, six inches long and 
an inch thick, is synthetically grown 
out of solution on a “seed,” whose orig- 
inal outline is still visible m the right 
half of the ciystal. From this “mother 
crystal” are cut lectangular slabs 
which are plated with gold and 
mounted m an assembly like that 
shown at the left. This assembly is the 
main constituent of the complete EDT 
crystal filtei unit, shown at the right 
on the edge of the gieen baize cloth. 
In telephone cncuits such units sepa- 
late the dozens of different carrier 
frequencies, each carrying a different 
signal, that aie transmitted simultane- 
ously over one telephone cable. Each 
unit is tuned to a single carrier fie- 
quency, and filters out -one message 
to be passed on to its destination. 
In the background is an isometiic 
chawmg of a piezoelectiic crystal. Be- 
cause of EDT's pioperty of birefrin- 
gence, or double refraction, there aie 
two distinct images of each line in 
that part of the drawing behind the 
crystal. The crystals, giown at West- 
ern Electric Company's Allentown, 
Pa., plant, weie developed as a syn- 
thetic substitute for natural quartz. 


THE ILLUSTRATIONS 

Covei by Walter Murch 
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19 Irving Geis 
13 William Auerbach-Levy 

15 Aero Service Corporation 
51 Eric Mose 

56 David Stone Martin 
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What GENERAL ELECTRIC People Are Saying 


D. E. CHAMBERS, 

Research Laboratory 

Research People: The laboratory 
director is cons lan Lly looking first 
lor persons of outstanding natural 
attributes and only secondly docs 
he look at the scientific tools de- 
rived from training and experience 
which the man has collected. Of 
course the laboratory must achieve 
a balance of effort in the various 
fields, such as physics, chemistry, 
metallurgy, cLc., as is deemed to be 
required by the Company’s fields of 
interest, but it has been demon- 
strated many times that a Lruiy 
outstanding man with good basic 
scientific training can contribute to 
a surprising degree in several fields. 

We have found that a true re- 
search man has outstanding scien- 
tific curiosiLy and is primarily in- 
terested in the unknown. Obstacles 
challenge him, and arbitrary pro- 
cedures and rules tend to irritate 
him. lie seldom has the patience lo 
carry a new idea through to a fin- 
ished design. The exceptional is an 
inspiration to him, and when he 
finds it he seeks to develop its 
peculiarities to the fullest extent. 
His imagination is of the philo- 
sophical type, which enables him to 
co-ordinate his observations into 
hypotheses for experimental verifi- 
cation or disproof. He is always an 
optimist, for it is easy to think of 
many reasons why a proposed ex- 
periment would be futile; the man 
who makes Lhe discoveries is the man 
who goes ahead and tries it; optim- 
ism is to research what vitamins are 
to the animal organism. 

National Electronics Conference , 
Chicago , 

September 27 , 1949 

★ 

E. E. CHARLTON, 

Research Laboratory 

Medical Electronics: Investiga- 
tions of the effect of ca thode rays on 
living tissue have been under way 
by various investigators for a num- 
ber of years. The recenL develop- 
ment of high-energy electron ac- 
celerators has considerablyexpanded 
work in this field. The penetrating 
power of electrons in matLer in- 
creases rapidly with voltage and can 


thus be varied at will. In sufficient 
dosage they are lethal to bacteria 
and molds, destroy cellular tissues, 
deactivate enzyme systems, and in 
some cases produce chemical changes 
as well. 

The field of application of clecLron 
beams dircclly in medicine and Lheir 
potentialities can not safely be 
estimated today. They may give us 
improved techniques for the de- 
struction of cancer cells, they may 
give us new and useful methods in 
the sterilization and preservation of 
some food and drug products. They 
may even assist in Lhe production 
of new food products. In cerLain 
cases, high molecular organic mole- 
cules may, by cathode-ray exposure, 
be broken down into simpler ones, 
thus producing chemical changes 
difficult to achieve by conventional 
methods. A precursor of vitamin D 
has been changed by cathode rays 
to the active form, ami it is con- 
ceivable that the precursors of 
hormones could be similarly changed. 
Plant growth may also be stimulated 
and some indigestible materials may, 
by cathode rays, be made digestible. 

6th Inter -American Congress of 
S urgery , Ch icago , 
October 21 , 1919 

★ 

J. R. STEHN, 

Research Labor atory 

Age Of The Earth: A very interest- 
ing set of deductions can be made 
about natural and geological phe- 
nomena from the ratio of isotopes 
found in nature under different 
conditions. The age of the earth has 
been estimated (and this is the most 
accurate way known of doing it) by 
the measurement of the relative 
amounts of the different lead iso- 
topes in samples of rocks which the 
geologists know to have been un- 
disturbed since they originally solid- 
ified on the earth’s crust. 

Certain of these rocks originally 7 
contained uranium, and this ura- 
nium decomposed in time into its 


final end-products: lead-206 and 
lead-207. The ratios of the abun- 
dances of these isotopes of lead to 
that of another one of the isotopes, 
say lead -208, that occurs in ordinary 
lead (which the rock may, of course, 
also con Lam), tell what fraction of 
the lead now in the rocks came orig- 
inally from the uranium that once 
must have been in the rock. Tying 
that in with the uranium that is still 
left in this same sample of rock, one 
can estimate what fraction of the 
uranium has decomposed, and this 
lets one estimate the age of lhe rock 
and hence of the earth, it is thus 
that an age of about two billion 
years is generally stated. 

WG I" Science Forum , 

September 21, 1949 

★ 

II. A. WIN ME 

Vice President 

Cost Of Progress: fn bygone days 
the progress of tribes and nations 
could only be made at the expense 
of other tribes and na Lions— by the 
exploitation of their resources, by 
the enslavement of their peoples. 
Technological advances hold the 
possibility of progress at nobody’s 
expense, through increasing produc- 
tivity— through, in effect, greatly 
increasing the length and strength 
of every man’s arm. If the world 
today sometimes seems to be trem- 
bling dangerously on the brink of 
atomic war, it might be salutary to 
remember, as a kind of counterbal- 
ante, that man has been struggling 
for survival for thousands of years, 
and sometimes has been pushed, or 
has stumbled, dangerously close to 
the edge, too. We are gaining, suf- 
ficient for our purposes or almost 
so, mastery of nature. We have left 
the problem of self-control, which, 
difficult Lhough it may he, is still, 

I believe, within the possibility of 
man’s achievement. 

Newark College of Engineer ing, 
June 8 , 1949 
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faVnkw fWtool '6if£ictv ftacftim 


AMONG the many miraculous phar- 
il maceuticals made in the great 
modern plant of Lederle Laboratories 
at Pearl River, N. Y., is a preventive 
for Brucellosis, an infectious disease 
of cattle, costly to dairy farmers and 
dangerous to communities as a pos- 
sible source of undulant fever. 

The Lederle product, brucella abor- 
tus vaccine in powder form, comes m 
hermetically sealed and dated vials, 
each vial containing over 300 billion 
live bacteria. 

When originally introduced in liquid 


form, the life span of the packaged 
bacteria was only around three months 
—after that the product was worthless. 

The short shelf-life made the prod- 
uct costly to manufacturer and con- 
sumer. It prevented overseas shipment 
to foreign markets. 

Lederle purchased from DPI high 
vacuum sublimation equipment for 
dehydrating the product. This treat- 
ment, so well known to DPI engineers, 
improved the stability and extended 
the ‘life” of the packaged bacteria 
from three months to a year. 


Distillation Products, Inc. 

751 «IDGE ROAD WEST, ROCHESTER 13. N. Y. 

Distillers oi Oil-Soluble Vitamins and Other Concentrates for Science and Industry; 
Manufacturers of High.- Vacuum Equipment. 


Uses for high vacuum range all the 
way from atomic research to the manu- 
facture of cosmetics and ornaments 
for the ten-cent store trade. 

There may be surprising ways high 
vacuum can work for you— in reducing 
manufacturing costs — in improving 
your product — or in converting seem- 
ingly worthless by-products into profita- 
ble commodities. We invite inquiries. 



BIGS VACUUM RE S £ ARCH 
ANJ> ENGINEERING 
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For centuries man has dreamed 
of the conquest of Space. In the 
works of Jules Verne and H, G. 
Wells we have had a brief, imagi- 
native look at the excitement of 
interplanetary travel. 

Today space travel is no longer 
a fantastic dream. Science and en- 
gineering have gone far beyond 
the technical fumblings of early 
writers, and it is not unlikely that 
in the next fifty years someone 
will arrive at the moon. Radio 
waves have already been reflected 
from this whistle stop in space, 
and in your lifetime some sort of 
noissle will no doubt be sent there. 


Much work remains to be done 
— nothing comparable to another 
Oak Ridge, however — hut intelli- 
gent people are working seriously 
on problems of space ships and 
means for travel in atmospheres 
like the moon. 

National Research has, for some 
time, been concerned with prob- 
lems relating to space travel — 
problems not too far removed 
from many encountered in the 
high vacuum field. To name a few: 
altimeters for use above 200,000 
feet, speedometers for use beyond 
the sonic range, gas-free metals for 
rockets, analysis of components of 


the upper atmosphere, and simu- 
lation of upper atmosphere con- 
ditions in the laboratory. 

Our research organization is al- 
ways interested in the develop- 
ment of new industrial processes 
or ideas, particularly those where 
real imagination or, in many 
cases, ‘The courage of ignorance” 
is required. We have accumulated 
a great background of experience 
in tackling research jobs for our- 
selves and other organizations, 
and we always welcome an oppor- 
tunity to become involved with a 
new project that at first appears 
impossible to solve. 


INDUSTRIAL RESEARCH PROCESS DEVELOPMENT 
HIGH VACUUM ENGINEERING & EQUIPMENT 
Metallurgy — Dehydration — Distillation — Coating — Applied Physics 

NATIONAL RESEARCH CORPORATION 

seventy memorial drive sSSEj l^SSE: C ambridge, Massachusetts 

In the United Kingdom, BRITISH- AMERICAN RESEARCH, LTD., London S W. 7, England -Glasgow S W. 2, Scotland 
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THE NOBEL PRIZES 

Although they are given in literature and peace as well 
as science, they have mainly reflected a scientific age. 

A history of the science prizes and how they were begun 


By George W. Gray 


N O one knows what chain ol events 
shaped the munificent will of Al- 
fred Nobel, but it seems likely 
that the Nobel prizes owe their genesis 
to an advertisement which appeared, 
unsigned, in the Vienna IS! cue Freie 
Frcsse in 1876: 

'‘Elderly, cultuied, wealthy gentle- 
man lequiies equally matui e lady, 
linguist, as secretaiy and super- 
visor of household in Pans.” 

This want ad briefly bi ought into 
Alfred Nobel’s household a lady named 
Beitha Kinsky, who was to exeicise a 
dctei mining influence upon him. Al- 
though she seived as his secretaiy only 
a few days, then elopmg to Vienna for 
mania ge with young Baron von Suttner 
and journeying eastwaid to a distant 
home beyond the Black Sea, Nobel con- 


ceived an immediate admiration lor her 
which their separation never diminished. 
The Dynamite King wrote many letteis 
to “My dear Baroness and Friend.” Even 
when she became a vigorous apostle of 
pacifism in the 1880s, Nobel, then chief 
explosives munitioner to the armies of 
Europe, responded warmly. When Bei- 
tha's propaganda novel Lay Down Arms 
was published in 1889, he wrote hei an 
enthusiastic letter of congratulation, 
“The charm of your style and the gran- 
deur of your ideas,” he glowed, “axe now 
and will always be carrying much faither 
than all the Labelles, Noidenfeldts, de 
Banges, and other tools of Hell.” 

These benevolent words did not mean 
that the man who made the smokeless 
powder that poweied the Noidenfeklt 
guns was leady to come out for disarma- 
ment. Nobel, who all his life piofessed 


hatied of war, had a different formula: 
peace through fright! ulness. In the first 
week of then acquaintance, he had said 
to Beitha. “I wish I could invent a sub- 
stance oi a machine with such capacity 
for desUuction that waxs would thereby 
become altogether impossible.” Years 
lalei, when they were strolling along the 
shoie of Lake Zurich and Berllui twitted 
him about his “dynamite factories,” No- 
bel retoited: “Perhaps my factories will 
end wai sooner than your peace con- 
gresses.” 

It was, however, dining this same 
1892 meeting at Zurich, where the von 
Suttners were Nobel's guests, that the 
Nobel prizes got theii start. At dinner 
one day the munitions maker challenged 
die Baroness: “Infoim me, convince me; 
then I will do something great for the 
movement/’ She was quick to seize the 



NOBEL MEDAL 


THE NOBEL PRIZES IN SCIENCE FOR 1949 

Physics: To Hideki Yukawa, Japanese theoretical physicist, 
now a visiting professor at Columbia University, "Tor bis predic- 
tion of the existence of the meson, based upon his theory of 
nuclear forces.” Di. Yukawa is 42. 

Chemistry : To William Francis Giauque, Canadian-born physi- 
cal chemist at the University of California, “for his contribution 
to chemical thermodynamics, especially for his investigations of 
the properties of substances at extremely low temperatures/” 
Dr. Giauque is 54. 

Physiology and Medicine: One half to Antonio Gaetano <fc 
Abreu Freire Egas Moniz, professor emerxLus of neurology at the 
University of Lisbon, principally for his development of the 
psychosurgical operation prefrontal lobotoxny. Dr. Egas Moniz 
is 75. One half to Walter Rudolf Hess, director of Zurich Univer- 
sity’s Physiological Institute, “for his discovery of the functional* 
organization in the dienceplialon [between-brain] for coordina- 
tion of the activity of internal organs.” Dr. Hess is 68. 
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NOBEL’S WILL was drafted in his own hand on November 27, 1895. Most 
of it deals with the prizes (see te#t o/ article) . The last paragraph reads: 
'Tt is moreover my express will and injunction that my veins shall be opened 
after my death, and that when this has been done, and competent doctors 
have noted signs of my death, my body shall be burned in a crematorium. 5 ’ 


oppoi tunity, but aftei days of dueling 
with the wit and hardheaded skepticism 
of her host, Beitha went home feeling 
that she had failed. The following fanu- 
aiy, however, came a srn prising New 
Yeai’s letter from Nobel: 

“I should like to allot part of my for- 
tune to the formation of a prize fund to 
be distributed m every period of five 
years (we may say six times, for if we 
have failed at the end of 30 years to re- 
form the present system we shall inevita- 
bly leveit to barbarism). This prize 
would be awaided to the man or woman 
who had done most to advance the idea 
of general peace m Em ope. I do not refer 
to disarmament, which can be achieved 
only by slow degiees. I do not even 
necessarily refer to compulsory arbitra- 
tion between nations, but what I have m 
view is that we should soon achieve the 
result— undoubtedly a practical one— that 
all states should bind themselves abso- 
lutely to take action against the first ag- 
gressor. . . .” 

Thiee months later, on March 14, 
1893, Nobel drafted the fiist version of 
his will. It left his residuary estate to 
the Royal Academy of Science at Stock- 
holm, directing that the Academy make 
an annual distribution of the income “as 
a leward for the most important dis- 
coveries or achievements m the wide 
field of knowledge and pi ogress, exclud- 
ing physiology and medicine.” The will 
commended for special consideration 
“such persons as are successful m com- 
batting by word and deed the peculiar 
prejudices still cherished by peoples and 
governments against the inauguration of 
a European peace tribunal/’ 

No one knows why this will departed 
so far from the plan outlined m his New 
Year’s letter to Beitha, what decided him 
to offer an unspecified number of prizes 
for contributions in a wide field instead 
of one prize for the advancement of 
peace. At all events, the ailing, aging 
millionaire, who had now ictired fiom 
active management of Ins vast business 
scatteied over eight countries, soon be- 
gan to worry about his will. Perhaps it 
was too loose, not sufficiently specific. 
He legretted excluding physiology and 
medicine. He resolved to write a new 
will. Despite a severe heart ailment, he 
journeyed from his San Remo villa in 
northern Italy to the Swedish Club m 
Paris and, disdaining lawyers, as he did 
physicians, he composed the document 
himself. Four of his cronies at the Swed- 
ish Club witnessed his signature on No- 
vember 27, 1895, and he carried the 
paper back to San Remo, The heart at- 
tacks increased in intensity. On Decem- 
ber 10, 1896, he collapsed at his desk. 

Bertha learned of his death, as she 
had met him 20 years before, through a 
newspaper. The obituaries all carried 
surmises as to how Nobel had disposed 
of his millions, with hints of great hu- 
manitarian projects, hut nobody knew 
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the actual contents ol the will until it 
was opened a few days aitei the I uncial 

Nobel's Will 

When the will was read, it made head- 
lines all ovei the woild. Aftci some minor 
bequests to relatives and others, AH red 
Nobel directed that the residue ol his 
estate be invested in sale seeunties, and 
that the inteiest accruing horn this capi- 
tal be awarded annually in prizes to 
those pei sons who shall have contributed l 
most materially to benefit mankind dur- 
ing the year immediately preceding The 
said interest shall be divided into jive 
equal amounts to be apportioned as fol- 
lows. 

One share to the poison who shall 
have made the most important chscoveiy 
or invention in the domain of Thy sics, 

One shaie to the person toho shall 
have made the most important Chemical 
discovery or improvement; 

One share to the person who shall 
have made the most important discovery 
in the domain of Physiology or tiledi- 
cinc , 

One share to the person who shall 
have produced in the field of Literature 
the most distinguished work of an ideal- 
istic tendency, 

And , finally , one share to the person 
who shall have most or best promoted 
the Fraternity of Nations and the Aboli- 
tion or Diminution of Standing Armies 
and the Formation and Increase of Peace 
Congresses. 

The will asked the Royal Academy ol 
Science to be responsible for selecting 
the winners m physics and chemistiy, the 
Karolmska Institute ol Medicine m 
Stockholm to do the selecting in physiol- 
ogy and medicine, the Swedish Academy 
(of Letteis) to choose the winners m 
liteiatuie, and a committee ol the Nor- 
wegian Parliament to award the peace 
prize. It specified that in'a warding the 
prizes “no consideration whatever be 
paid to the nationality of the candidates.” 

It was magnificent— and breath-taking. 
‘‘Could we have believed that Mammon, 
Mammon spiung from dynamite, should 
be so ennobled?” wiote a Pans corre- 
spondent. The scope of the benefaction 
was unprecedented. The Cecil Rhodes 
scholarships, the Rockefeller and Carne- 
gie Foundations and other large inter- 
national philanthropies were still m the 
future. Univeisities and learned societies 
had long given piizes for the encourage- 
ment and reward of intellectual achieve- 
ment, but never on such a lavish scale 
or with such broad eligibility. Alfred 
Nobel was truly a trail blazer when lie 
composed Ins last will. 

His Swedish nephews and nieces, 
children of his deceased brother Robert, 
who had been left a puny £ 5,000 each, 
brought suit to break the will. The law- 
suit never came to trial. It was settled 
out of court by a stipulation that granted 


the Swedish hens “ceitam pccunuuy ad- 
vantages” which were never made public 
but weie undei stood to be substantial. 
Beyond this opposition within the lam- 
lly, thcie was poweiful opposition from 
the conseivative element m Swedish 
politics, including some membeis of the 
Government who weie suspicious of 
N 01 way. 

Theie weie other problems. It is a 
pity that Nobel did not call in a lawyei 
to diaft the will. Although to a layman 
Nobel’s intentions would seem cleaily 
expicssed, a legal mind could point to 
many ambiguities, loopholes and omis- 
sions, any one of which might piovide an 
opening toi litigation Foi example, to 
whom was the rcsiduaiy estate willed? 
The academics, institute and parliament 
were empowered to select the pnze win- 
ners, but who was to hold the huge tiusl 
fund and manage its investment ovei the 
years? What specific criteria weie to be 
applied in selecting the pnze winners? 
Altogether moie than tluee years were 
consumed in the delicate negotiations, 
public hearings and legal led tape that 
weie necessaiy to bung the various in- 
terests to agiecmcnt and embody this in 
a code of statutes. Finally, m June ol 
1900, all disputes had been ironed out, 
the code of statutes was confirmed by 
King Oscar II, and the Nobel Foundation 
began to function as the holdei of No- 
bel’s legacy and the admmistiatoi of his 
intentions. 

By that time the legacy had been 
somewhat diminished. In addition to the 
money paid the Swedish hens, millions 
of kronei had been spent in lawyers’ fees 
and othei expenses. Foi the Foundation 
and the piizes theie lemained 27,716,243 
kioner, equivalent to $7,427,953. This 
does not seem a large fortune by piesent- 
day standards, but m 1900 it was enor- 
mous, The thrifty Swedes were shocked 
by the thought that the inteiest on this 
amount was to be distributed among only 
five peisons. It was inci edible, many ar- 
gued, that Nobel could have intended to 
distribute such extravagant piizes. But 
one of his close friends, an associate who 
had witnessed the signing of the will, 
declared under oath. “His desire was, 
as he always stated, to place those whose 
woik showed promise in a position of 
such complete independence that they 
would be able to devote then whole 
energies to then woik” 

Nobel's Intentions 

It will always be a moot question how 
closely the distribution of the Nobel 
prizes has conformed to Alfred Nobel’s 
intentions. Some of his stipulations ad- 
mittedly were difficult, if not impossible, 
to fulfill. He specified that each prize be 
given in recognition of services rendered 
during the previous year— but who is 
omniscient enough to know which of the 
workers m physics, chemistry and biolo- 


gy “contributed most materially to bene- 
fit mankind dui mg the year immediately 
preceding”? A discovery in science usu- 
ally takes from two to 10 yeais, some- 
times longei, to prove its value. It was 
finally agieed, in the code ol statutes, 
that the qualification “during the yem 
immediately preceding” was to be intei- 
pieted as meaning that vvoiks of earlier 
yeais whose importance had just been 
demonstrated weie also Lo be consid- 
ered. 

The ill si Nobel prizes weie awarded 
m 1901 Dui mg the preceding year Mux 
Planck had published his revolutionary 
quantum theory, m 1898 Piene and 
Mai ic Cuiie had disco vcied radium; in 
3 897 J J. Thomson had discovcied the 
electron, m 1896 Henri Beequeiel had 
discovered radioactivity. But foi the Hi si 
Nobel piizc m physics tire Swedish Royal 
Academy of Science chose none of these, 
it went back Lo an caxlici discovery and 
made the awaid lo Wilhelm K. Rontgen 
for his discovery ol X-rays in 1895. His- 
toinms will probably agree that it was 
fitting lor tire first award to go to Ront- 
gen, tor lrrs X-iays were the cock’s crow 
ot the revolution m physics. His discov- 
ery spurred Becquerel to lenewed ex- 
periments with ui anium, illuminated 
Thomson’s seaich lor the election and 
contributed impoitantly both to the Cli- 
nes and to Planck. (All these persons 
eventually leeeived Nobel piizes— Bec- 
quorcl and the Curies m 1903, Thomson 
in 1906, Planck in 1918 ) In naming 
Rontgen, the prizc-giveis lecogmzcd the 
opening discoveiy m the brilliant se- 
quence of findings that overturned 
classical physics— the first step in the 
fateful march to om Atomic Age. 

The other 1901 Nobel piizes m science 
were for woiks of even oldei vintage. 
J. H. van’t Hoff received the chemistiy 
prize foi discoveries m chemical thermo- 
dynamics and osmotic pressing which he 
had made m the 1880s; E. A, von Rein- 
ing was awaided the prize m physiology 
and medicine lor lus antitoxin against 
diphtheria, discovered 10 years before. 
Indeed, in the whole history of the Nobel 
science prizes theie is just one instance 
ol an award for a contribution of the 
previous year, the piize in physiology 
and medicine awarded jointly to F. G. 
Banting and J. J. R. Macleod in 1923 
for the discovery of insulin, which they 
and their co-woikeis, C. H. Best and 
j. H Collip, had announced m 1922, 
Usually the Nobel accolade has been 
given foi achievements five to 10 years 
old. The average age of the winners in 
science has been: physics, 46 years; 
chemistry, 49; physiology and medicine, 
54, Sir Charles Sherrington was 71 yeais 
old and Thomas Hunt Morgan 79 when 
prizes were awarded them. 

This brings up a question. Was it 
Alfred Nobel’s intention to reward great 
figures who had already arrived, or was 
he primarily concerned with encourag- 
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LAUREATE 

A A Michelson 
Alexis Carrel 
T W Richards 
R A. Millikan 
A H Compton (one half) 
Karl Landsteiner 
Irving Langmuir 
T H Morgan 
G H Whipple (one third) 

G R Minot (one third) 

W. P Murphy (one third) 

H C Urey 

C D. Anderson (one half) 

C J Davisson (one half) 

E O. Lawrence 
E. A Doisy (one half) 

Otto Stern 
I. I Rabi 

Joseph Erlanger (one half) 

H S Gasser (one half) ** j 
Wolfgang Pauli j 
P.W. Bridgman 
J B. Sumner 

J H. North rop 'Lofejfpu rth ) 
W. M. Stan i ey (cm^fo u r t h ) 
H. J. Muller ^ 

C F Cprv (cg^ffourth) 

Gerty Cprf^feh^ fourth) 

W. F. QfaSusgte 


INSTITUTION 

University of Chicago 
Rockefeller Institute 
Harvard University 
California Institute of Technology 
University of Chicago 
Rockefeller institute 
General Electric Laboratories 
California Institute of Technology 
University of Rochester 
Harvard University 
Harvard University 
Columbia University 
California Institute of Technology 
Bell Telephone Laboratories 
University of California 
St. Louis University 
Carnegie Institute of Technology 
Columbia University 
' ^ Washington University 
Institute 

^ "W Advanced Study 

Roc kefenef"1%|rtute 
Rockef el leV 4P||tt^tev 
University of ^ 

Washington Unlyerlttyl 
Washington UniYer^y/ 

University of California 


GRAND 

TOTAL 


124 PRIZES 
158 PERSONS 
20 COUNTRIES 
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Italy 
Belgium 


Canada 


Finland 


Hungary 


India 


Japan 


Russia 


Argentina 


Portugal 


Spain 
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MANY COUNTRIES have shared the prizes in science. bottom. Although a number of foreign-horn winners are 
A-list of U. S. winners is given at the top of this page. credited to the U. S., the 1949 prize of Columbia’s visit- 
The distribution of prizes among all countries is at the ing professor Yukawa hag here been credited to Japan. 
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mg young scientists ol unusual brilliance 
and achievement? We lecall the state- 
ment by a witness to the will that Nobel’s 
desne was to place those whose work 
showed piomise m a position of inde- 
pendence; another witness lepoited that 
Nobel once lemarked- “I would not 
leave anything to a man of action, since 
he would be tempted to abandon woik 
On the othci hand, I would like to help 
di earners, ioi they find it haul to get on 
m life.” It would be intei esting to check 
the list to see how many awards have 
gone to dieameis who wcie finding it 
haul to get on in life. Perhaps Hermann 

Mullei might have qualified 20 years 
ago when he had just discovered the ef- 
fect of X-iays in inducing genetic muta- 
tions and was laboring on a meager 
Umveisity of Texas salary to extend his 
experiments. Witlim five yeais Mullei ’s 
discoveiy opened up a new chaptei in 
the study ol genes. But no Nobel com- 
mittee of awaid looked Ins way dm mg 
those yeais ol stiuggle, and he canied his 
dieam from Texas to the U.S.S.R., and 
then, disillusioned, was a refugee m 
Scotland tor thicc years before a le- 
seaicli post was found ioi him in the 
U. S. At last in 1 946, m his 56th year and 
a lew months alter he had been ap- 
pointed a professor aL the University of 
Indiana, the Nobel authorities decided 
that the work he had done in Texas in 
1926 deserved a pnze. 

It must he admitted that the difficulty 
of picking the youthful dreameis who 
aie going to benefit mankind is enor- 
mous Moieovoi, di earners aic not pei- 
mitted to submit then dieams m appli- 
cation foi a piize. “A candidate for a 
pnze must be proposed m writing by 
some duly qualified person,” says the 
code of statutes. “A diiecl application 
will not be taken into consideration.” The 
list of duly qualified persons designated 
as competent to nominate candidates in- 
cludes membeis ol the academy that 
awaids the pnze, lormci Nobel prize 
winners, certain professors m Scandina- 
vian uni 'ersities, and selected persons m 
outside countries. The lattci arc appoint- 
ed for 12 months, so theie is a new group 
each year. To assist m selection ol the 
1949 winner m physics, 237 scientists 
outside of Sweden, including 42 in the 
U. S., were invited to propose candi- 
dates. In chemistiy, the corresponding 
figures are 285, with 42 fiom the U. S.; 
and m physiology and medicine, some 
700, of whom 200 are Americans. 

Sharing the Prizes 

The youngest peison to receive a 
Nobel award was William Lawience 
Biagg, who was only 25 in 1915 when 
the prize in physics was awaided jointly 
to him and his world-famous father, Sir 
William Heniy, for the ingenious meas- 
urements of the wavelength of X-rays 
in which the father and son collaborated. 


Next youngest weie P. A. M. Duac, 
Call D. Anderson and Weiner Heisen- 
berg, who became laureates at the age 
of 31. Of these only Heisenberg got a 
full piize. Dirac was awarded the pnze 
in physics jointly with Erwin Schrodin- 
gei, who was 46, and Andcison shaied 
his with Victoi F. Hess, 53 

Theie is nothing m the will to indi- 
cate that Alfred Nobel intended a pnze 
to be split. The testament plainly dneets 
that the annual income is to be divided 
into five equal shares, and that one share 
is to be given to each ol five persons 
The idea of dividing a pnze originated 
with the Swedish nephews and nieces 
who tiled to break the will and com- 
promised on an out-of-court settlement. 
In this settlement they stipulated, among 
other provisions, that “m no circum- 
stances should a prize be divided into 
rnoie than three pnzes.” The prizc- 
awaideis have frequently taken advan- 
tage of this permissive stipulation. Nine 
of the prizes in physics, six m chemistry 
and 12 in physiology and medicine have 
been split among two or thiec persons. 

This sharing of the prizes has not se- 
nously discommoded anyone. The 
money value of an award, which vanes 
from year to year according to the in- 
come horn the capital, ranges Ire tween 
$30,000 and $40,000, and even a thiid 
of that is a substantial lewaid. More- 
over, while the money may be fraction- 
ated, the honor is not. No one is ever 
described as a one- third Nobel piize win- 
ner. 

The idea of joint awards is entirely 
consistent with the method as well as 
the lustoiy of science, since no scientist 
works alone, but each is part of an inter- 
national whole Often, as in the case of 
the Braggs, more than one person was 
chiectly responsible for the work re- 
warded. Sometimes a lesuli by one sci- 
entist hinged on an earliei achievement 
by anothei. Thus George H. Whipple’s 
experiments with anemia m dogs pro- 
vided the basis for Geoige R. Minot’s 
experiments with liver therapy in the 
treatment of pernicious anemia in hu- 
man beings, recognizing this interde- 
pendence, the Kaiolmska Institute 
awarded the 1934 prize m physiology 
and medicine jointly to Whipple, Minot 
and Minot’s assistant, William P. Mur- 

P h y- 

Inventors and Discoverers 

Allied Nobel was an inventor; he held 
patents on more than 300 inventions be- 
sides dynamite, smokeless powder and 
the detonator. He specified that the prize 
in physics should he given for “discov- 
ery” or “invention,” and the prize m 
chemistry for “discovery” or “improve- 
ment”; only the prize in physiology and 
medicine was restricted to “discovery,” 
It is only natural, however, that the 
basic discoveries of knowledge from 


which inventions flow have attracted the 
major attention oi the committees ol 
award. The inventors awaided Nobel 
prizes have been few: Guglielmo Mar- 
coni and Carl F. Biaun for inventions in 
the field of ladio, C. T. R. Wilson for Ins 
cloud chambei, E. O, Lawrence foi his 
cyclotron, Fntz Habei foi his nitiogcn- 
Bxation piocess; Call Bosch and Fned- 
rich Bergms jointly foi .extending and 
exploiting Haber’s piocess All these 
were brilliant achievements; but il you 
were asked to list the most important in- 
ventions oi the last half-century m the 
ordei of their seivice to mankind, would 
you put any one of them at the head of 
the list? It seems to me that two contri- 
butions m the domain of physics m the 
20th century towei above all others. 
They aie the invention ol die airplane 
and the discoveiy of atomic eneigy, liar- 
old C. Urey has said that to find human 
achievements comparable in importance 
to these it is necessaiy to go back to 
piehistoric times— to the invention of the 
wheel and the boat and to the discoveiy 
of file. Atomic eneigy was recognized b\ 
the award of a Nobel prize to Otto Hahn 
in 1941 tor the discoveiy oi nuclear fis- 
sion, but the inventoi of the an plane 
went to his grave unci owned 

The Missing 

The i osier ol Nobel lameales is stud- 
ded with the names of great and deserv- 
edly lllustnous persons— some di earners, 
some men oi action, a low true geniuses 
—but theie aie giants missing from the 
list. Foi example, the most fundamental 
contribution to the physical sciences that 
has come out of America was the woik 
of J. Willaid Gibbs, professor of mathe- 
matical physics at Yale University during 
the last quarter of the 19tli century. 
Gibbs had no laboialory; he performed 
no experiments; his only tools were paper 
and pencil, a piece of chalk and a black- 
board at which he worked out his mathe- 
matical lonnulas. Between 1873 and 
1878 he pioduced a sciies of papers on 
the application of thermodynamics to 
chemical phenomena which revolution- 
ized the science. Fie is the father of 
physical chemistry. The phase rule 
which he discovered became in a few 
yeais one ol the most poweiful tools of 
chemical reseaicli and engineering. The 
work of Wilhelm Ostwald, of Haber, 
of Bosch and Bergms, each of whom 
leceived a Nobel prize, was based di- 
rectly on the application of Gibbs’ con- 
cepts; indeed, the very first Nobel prize 
in chemistry went to a follower (van’ l 
Hoff) m the field that Gibbs had pio- 
neered. It seems an egregious error of 
judgment that the Nobel prize-givers, 
whose later choices included men both 
older and less distinguished than this 
“Newton of chemistry,” passed him by. 

Most of the Nobel prizes in science 
have been given for the discovery of a 
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ALFRED BERNHARD NOBEL wrote liis close friend Baroness von Snltnei 
{ below) : '*1 should like to allot part of my fortune to , . . the man or 
woman who had done most to advance the idea of general peace in Europe.” 



BARONESS VON SUTTNER, who as Bertha Kinsky had served as Nobel’s 
secretary for only a few days, greatly influenced him in later years. She was 
a pacifist who in 1889 wrote a propaganda novel called Lay Down Arms. 


particular phenomenon, particle, lav, 
hormone, vitamin, antitoxin, 01 for the 
lecognition of new behavior m aheady 
known phenomena. There is another 
kind of research result which is moie 
fundamental, moie difficult to arrive at, 
and therefoie less frequent. This is the 
discovery of the laws or piinciples which 
unite many phenomena under one gen- 
eialization. Gibbs' law of chemical ther- 
modynamics is of this kind* it brought 
about the mainage of physics and 
chemistiy. Einstein's tlieoiy of lelativity 
is anothei bulliant example of generali- 
zation; yet when the Nobel authorities 
chose Albert Em stem to receive the 
1920 prize in physics, they made no 
mention of relativity but specified that 
the award was given “m particular for 
his discovery of the law of the photo- 
electric effect." 

One of the gieat generalizations of 
modern physiology is the principle of 
homeostasis, and mention of the word 
instantly calls to mind Walter B. Can- 
non. This Haivard professor of physiolo- 
gy was the first to lecognize the self- 
balancing mechanism of nerves and in- 
ternal secretions, and he gave it its name 
His generalizations put the functions 
of the sympathetic nervous system to- 
gether into a coheient and understand- 
able scheme. While Cannon focused bis 
laboratory studies on the sympathetic 
nervous system, Otto Loewi at the Uni- 
versity of Graz, in Austria, was investi- 
gating the action of the paiasympathetic 
nerves, and Sn Henry Dale at the Uni- 
versity of London was exploring the 
transmission of neive impulses to the 
skeletal muscles. It seems a strange case 
of judicial myopia that when the prize in 
physiology and medicine was awaided 
jointly to Loewi and Dale in 1936 foi 
“then* discoveries relating to chemical 
transmission of nerve impulses,” Can- 
non's equally important work in this field 
was ignored. 

No mathematician has received a No- 
bel piize, although mathematics is fun- 
damental to physics and chemistiy, and 
is now in process of being applied to 
physiology. Nor has the honor ever gone 
to an astrophysicist— and surely astro- 
physics is a part of physics. Among the 
mathematicians who lived and worked 
well into the 20th century, Henri Pom- 
care of France and George Birkhoff of 
the U. S. were unquestionably of Nobel 
stature. Among astrophysicists, the work 
of Johannes Kapteyn, Willem de Sitter, 
Edwaid Pickering and George Ellery 
Hale was of a character to place them 
among the immortals 

Despite these omissions, the series of 
Nobel awards portrays as m a grand 
panorama the past half-century of phys- 
ics, chemistry and biology . The work of 
scientists is so interrelated that the names 
chosen automatically suggest the missing 
ones. Checking over the list of the 154 
persons who have received or shared in 


a Nobel science prize, one is impressed 
with the steady, almost continuous ad- 
vance ot knowledge, and with the mag- 
nificence ol the total achievement. From 
its contemplation theie anses a sense ol 
gi andeui 

I have ventuied no comment on the 
awaids m hteiature and in peace. Such 
appraisal calls lor the specialized ic- 
sources ol the literal v entic and the po- 
litical scientist But one obseivation 
seems clcai wheicas m science the task 
is complicated by the abundance ol 
eligible candidates, m hteiatuie and 
peace the problem seems to be just the 
opposite, a scai city. As Gilbert Munay 
said a dozen yeais ago, comparing the 
lam cates in science with those in liteia- 
tuie, “This age is clearly better at science 
than at poetiy.” Then he added, “In the 
list of peace puzes, the fust thing that 
attracts attention is the number of times 
m which it could not be awarded at all.” 

National Scores 

From the fiist year, when Rent gen 
and von Behring received the awaids in 
physics and physiology, Germany has 
held the lead m the number of Nobel 
prizes, seven al times it has won two and 
twice three m a single year. The Kaiser 
took a keen peisonal intei est and saw to 
it that German achievements weie 
biought to the attention ol the Nobel 
committees. ( ft is said that Emperor 
Wilhelm thought ol himself as a suitable 
candidate for the peace prize, and was 
emaged to loam that his cousin Czai 
Nicholas II had been consideicd while 
he was ignoied.) Even dui mg the Nazi 
period of intellectual decadence—when 
Hitler, 1 aging against the “insulting” 
awaid of the peace pnze to a prisoner in 
one of his concentration camps, forbade 
German citizens thereaftei to accept No- 
bel awards— Gei man scientists continued 
to attract the lavorable notice of the 
Nobel judges. Including the hteiature 
and peace awaids, Geimans won 40b 
puzes, shined among 46 persons, 
through 1948. The U. S. stands second, 
with 30b piizes distributed among 41 
persons and one organization, the 
American Friends Service Committee. 

Thiee of the Geimans declined then- 
prizes because of Hitlei’s ban on Nobel 
awards. They weie Richard Kuhn 
(chemistry, 1938), Adolf Butenandt 
(chemistry, 1939) and Gerhaid Domagk 
(physiology and medicine, 1939) . Short- 
ly aftei the war, Dr. Domagk wrote the 
Katolinska Institute a letter of explana- 
tion and apology, and the Institute gave 
him the diploma and medal which regu- 
larly accompany a prize. It was unable 
to give him the money, because the code 
of statutes provides that if a lauieate le- 
riounces the prize or fails to claim it 
within 10 months, the amount shall re- 
vert to the Nobel Foundation’s capital 
fund. Drs. Kuhn and Butenandt ex- 


pressed then legiets to the Roval Acad- 
emy of Science last December, and they 
too got medals and diplomas. 

It is customary to account a Nobel 
pnze to the nation in which the winner 
is a resident at the time of the award. 
Thus Germany is credited with the 
chemistiy pnze given Petei J. W. Debye 
in 1936, although Di. Debye was bom 
and educated and did much of his ie- 
search woik m Holland, he was directoi 
of one of the Kaiser Wilhelm Institutes 
m Geimany at the time of his Nobel 
awaid Biitam gets credit toi the 1945 
awaid lu physiology and medicine to 
Ernst B. Chain, a lefugee hom Geimany 
who was woikmg at Oxford when named 
foi the piize The U. S. list also includes 
a refugee, Wolfgang Pauli ol Austria, 
who received the 1945 pnze in physics 
while he was a membei of the Institute 
foi Advanced Study at Pimceton. Elie 
Metchmkoff always rated himself a Rus- 
sian, but he was directoi of the Pasteur 
Institute m Paris when the physiology 
pnze came his way, and it was ci edited 
to Fiance. The only other Russian to re- 
ceive a science pnze was Ivan Pavlov, 
distinguished investigatoi of the condi- 
tioned reflex. 

The standing of the nations in the sci- 
ence awards and the complete list of 
U. S. wmneis m science aie on page 14. 
The most sinking point about the U. S. 
list is the acceleration of awards to 
Amencans in lecent yeais. In lire first 
16 years of the Nobel prizes, only three 
scientists in the U S, received awaids; 
during the next 16 years theie weie lour; 
but m the past 16, ending in 1948, there 
weie 20. In 1946 all three prizes in sci- 
ence went to the U. S. Moieover, many 
Nobel laureates of other countries have 
moved to America, among them Ein- 
stein, liess, Debye, Enrico Feimi, James 
Fianck and Otto Meyerhof More Nobel 
piize wmneis are now resident in the 
U. S. than in any othex countiy. 

The Foundation 

The code of statutes which governs the 
Nobel Foundation’s administration of 
Alfred Nobel’s legacy requires that one 
tenth of the annual income be added to 
capital. It also specifies that prize money 
which lapses, due to failuie of the laure- 
ates to accept or of the judges to awaid 
piizes, must i evert to the main fund and 
be invested as income-bearing capital. In 
this way the $7,427,953 with which the 
Nobel Foundation began business in 
1900 has grown m 49 years to $9,900,- 
520. 

Income from tills fund not only pro- 
vides the five Nobel prizes and pays the 
expenses of administration and selection 
but also supports three Nobel Institutes, 
established “as an assistance in the in- 
vestigations necessary for making their 
awards, and for the promotion in other 
ways of the aims of the Foundation.” 


They aie the Institute ol Physical Sci- 
ences, which solves the Royal Academy 
of Science, the Institute ol Biology, con- 
nected with the Ivarolmska Institute, and 
the Nobel Peace Institute m Norway. 
The scientific Institutes cany on active 
progiams of research, thus the Nobel 
foi tune not only lewaids lesearchers for 
past achievements but also suppoits cur- 
lent woik m its own Institutes. 

The Nobel Foundation, coordinating 
agency foi all these activities, occupies a 
building of si\ stories on the Stuiogatan 
m Stockholm. It is governed by a fivc- 
man board ol control, consisting of one 
membei appointed by tlie King oi 
Sweden and one by each of the four 
agencies that select the prize winners 
King Gustavus V of Sweden from the be- 
ginning has taken a lively interest in the 
Nobel prizes, as indeed have all Swedes 
and most of the Scandinavian people. 
The annual turning of all eyes toward 
these noithein countries for their judg- 
ment on the earth’s gieat is a matter ol 
understandable piide to them. 

No i ecru rent event m the intellectual 
world is so avidly awaited by so many 
people as the annual announcement of 
the Nobel awaids; no formal honor con- 
fen ed by man carries such distinction as 
a Nobel piize. The awaids are presented 
on the 10th of December, tire anniver- 
sary of Allied Nobel’s death. The peace 
pnze is given at a formal ceremony in 
Oslo; the physics, chemistiy, physiology 
and medicine and literature prizes in 
Stockholm. At the latter ceiemony the 
King of Sweden personally delivers to 
each of the winners his reward— a 
diploma, a gold medal and a certified 
check for the piize money m Swedish 
kroner, 

It is doubtful that Alfred Nobel, weie 
he living, would attend this ceiemonial 
affair in the Stockholm Concert Hall. A 
shy, nervous man, he shrank from par- 
ticipating in formal gatherings. Although 
he usually wore the red rosette of the 
Legion of Honoi m the lapel ol his black 
frock coat, he always ridiculed decora- 
tions and honoi s. On one occasion he 
said. “I owe my Swedish Order of the 
North Star to my cook, whose skill won 
the approval of an eminent stomach.” 
He avoided publicity, invariably refused 
to be interviewed by the press, and de- 
spised self-advertisement. Yet surely no 
otliei man in modem times has raised so 
wide-known a memorial to himself. Year 
after year, as long as civilization stands, 
Scandinavia’s annual weighing of human 
achievements will serve not only to rec- 
ognize and honor those who have madd 
unusual contributions to mankind but 
also to remind the world of Alfred Nobel, 
the di earner. 


George W. Gray was the author of 
Cosmic Rays and many other articles 
that have appeared in this magazine , 
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INFRARED LIGHT (7200 to 9000 Angstroms) from the tenuous cloud of gas. This is apparently the remnant of 
Crab Nebula records it on a photographic plate as a a supernova observed by a Chinese astronomer in 1054. 



RED LIGHT from hydrogen and nitrogen (6563, 6548 same Crab Nebula. The whole mass of gas is illuminated 
and 6584 A.) reveals the structure of those gases in the by a small, dense, hot star that is imbedded in it. 



BLUE AND ULTRAVIOLET LIGHT (3300 to 5000 A.) 
show another structure of the Crab Nebula. All three of 


these photographs were made by Walter Baade with 100- 
inch Hooker telescope at Mount Wilson Observatory. 



The medieval Chinese observed a stellar explosion that 
would dwarf ordinary novae. Astronomers have detected 
such stars in other galaxies and pondered their cause 


O NE clear December night about 

2,000 years ago a bright stai ap- 
peared on the eastern lioiizon— a 
star which had never been seen there 
before. It was noticed by three wise men 
traveling thiougli the desert on their 
camels, and it led them to a bain in the 
little Judean village ot Bethlehem. . . . 

We all know and enjoy this beautiful 
Biblical legend, but unfortunately it 
lacks an impoitant piece of information: 
the three wise men did not bother to 
measuie the right ascension and dec- 
lination of the new stai, 01 to record at 
least its position witli respect to the 
known constellations. Noi did they leave 
any information concerning subsequent 
changes in its bnghtness. 

The annals ol human lnsloiy lecord 
several otheL tantalizing accounts of this 
kind, connecting the appearance of a 
new star with the coronation of some 
famous king, 01 an attack by the enemy, 
or a pestilence, but failing to give us the 
details by which we might judge whether 
the phenomenon was leally a “new star” 
or, foi example, a comet. We are in- 
debted to an obseivant Chinese for the 
earliest scientific report of one of these 
happenings. In History of the Sung 
Dynasty we read: , 

“In the first yeai of the period Chih- 
ho , the 5th moon, the day chi-cliou [i.e , 
July 4, 1054], a guest star appeared ap- 
proximately several inches southeast of 
Then-Kuan [i.e., Zeta Tauri]. After more 
than a year it gradually became invisi- 
ble.” In another manuscupt of the same 
period the astronomer who noted the 
event reported that “the guest star was 
as visible by day as Venus; pointed rays 
shot out ot it m all directions, and its 
color was red dish- white.” He added: 
“Respectfully, accordmg to the disposi- 
tion of Emperois, I have prognosticated, 
and the result said: The guest star does 
not infringe upon Aldebaran; this shows 
that a Plentiful One is Lord, and that the 
country has a Great Worthy; I request 
that this prognostication be given to the 
Bureau of Historiography to be pie- 
served,” And so it was 

When we point a telescope ( an instru- 
ment which was, of course, unavailable 


by George Gamow 

to astionomers ot the 11th ccntuiy) at 
the position m the sky wheie the Chinese 
noticed this exploding stai, we notice 
today a somewhat shapeless nebulos- 
ity with numeious tentacles leaching out 
into space. This diffuse object is known 
as the Ciab Nebula. Modem plioto- 
gniphs of the Ciab Nebula taken seveial 
decades apart show that it is expanding; 
its diametei increases at the rate of .23 
second of arc each year. Since its pies- 
ent diametei is about 180 seconds, by 
simple arithmetic we can calculate that 
it must have started expanding from the 
center some eight centuries ago, which 
is in reasonable agreement with the date 
of appearance of the Chinese “guest star.” 
This meas moment ol the expansion ve- 
locity of the Crab Nebula also permits 
us to determine its distance from us. The 
amount of the Doppler shift of spectral 
lines emitted by the cential regions of 
the nebulosity indicates that its gaseous 
masses aie moving away from the center 
at a speed ol 1,116 kilometers per sec- 
ond. Combining this figiue with the ob- 
served rate of angular expansion, we find 
that the Crab Nebula is 34,000 light- 
yeais away. From the known distance, 
and the Chinese observers statement 
that at its maximum apparent brightness 
the guest stai was as bright as Venus, we 
can easily calculate that at the time of 
the explosion the actual brightness of 
the star was several hundred million 
times that of our sun! 

Close to the centei of the Crab Nebula 
one can notice a comparatively faint 
star; that is to say, it is comparatively 
faint at our distance, but actually it is 

30.000 times brighter than our sun. This 
apparently is the nucleus of the star that 
blew up nine centuries ago, increasing 
m brightness from 30,000 suns to several 
hundred million suns. When it exploded 
it threw out a cloud of “smoke” which 
now foims the Crab Nebula. 

The Crab Nebulas central star is very 
different from an ordinal y star such as 
our sun. R. L, Minkowski of the Mount 
Wilson Observatory has calculated that 
its surface temperature is about 500,000 
degrees Centigrade, compared with 

6.000 degiees for the sun. Since the 


brightness per unit of a body’s surface 
increases as the foui th power ol the tem- 
peiatuic, this means that per unit of sur- 
face the Ciab Nebula star is about 50 
million times brighter than the sun. Yet 
its total bnghtness is only 30,000 Limes 
greatei, so the star must be much smaller 
than our sun— about one foitietli of the 
sun in ladius. Assuming that the mass of 
the stai is comparable with the sun’s, its 
density must be several hundred thou- 
sand times gicatci! The mass of the 
gauzy nebula that sun omuls the star is 
estimated to be 15 times that of om sun. 
Thus it seems that before it exploded the 
original stai was consideiably more 
massive than the sun, and much more 
than half its mass was ejected into space 
by the force of the explosion. 

Since 1054 only two similar stellar ex- 
plosions have occurred within the Milky 
Way. One was obseived by the famous 
Danish astionomcr Tycho Brahe in 1572; 
the other by his pupil Johann Kepler in 
1604. Although these explosions were 
apparently about as powerful as that ob- 
seived in 1054, they left no such impres- 
sive smoke cloud as the Crab Nebula. 
Near the position of Kepler’s “stall a 
nova” we now observe some irregular 
patches of luminous gas, but they are 
obscured by heavy dust clouds in inter- 
stellai space. Of Tycho Brahe’s star we 
can see no visible remnants at all. There 
is hardly any doubt, however, that each 
of these explosions threw out about as 
much “smoke” as m the Ciab Nebula. 
In all likelihood the leason we do not see 
the nebulae so clearly is that the central 
stais illumine them less strongly. 

T HESE giant stellar explosions, or su- 
pemovae, apparently occur every 
three or four centuries in our galaxy. 
The time is just about ripe for another 
one. We need not wait with folded 
hands, however, until the next star in 
the Milky Way decides to blow up. In 
the billions of galaxies scattered through 
the vastness of space supernovas are 
exploding all the time. Though these dis- 
tant explosions are not visible to the 
naked eye, they show up clearly enough 
m telescopes In 1885 such an explosion 



was observed in 0111 neaiest neighboring 
galaxy, the Gieat Nebula in Andromeda. 

To detect at least one supernova pei 
vear, we would have to keep several 
hundred galaxies under constant sur- 
veillance Work m this dnection was 
started more than a decade ago by W 
Baade and F Zwicky at the Mount Wil- 
son Observatory They collected a bag 
of thiee big explosions m the very first 
vear. One of these, photographed m the 
spiral nebula known as IC 4182 m late 
August, 1937, is shown on the opposite 
page. We are now m possession of the 
records of a number of supernovae, from 
which curves have been plotted showing 
their luminosity changes from the time 
of maximum brightness until they finally 
disappeared from sight. We also have 
very extensive information concerning 
the spectral changes in the emitted light 
dming the various stages of the explo- 
sion. 

But, and this is a very serious but, our 
observations can give us little or no di- 
rect information about the nature of the 
physical piocesses that produce these 
spectacular flare-ups. The appearance of 
any explosion essentially depends only 
on the amount of liberated energy, and 
not on the particular way in which this 
energy is liberated. An astronomer who 
tries to guess how a stai explodes is in 
the same position as a chemist would be 
if he tried to guess the chemical compo- 
sition of a shell by watching it burst in 
the air, or a physicist if he tried to recon- 
struct the secret mechanism of an atomic 
bomb after seeing one mushroom into 
the atmosphere. 

So we must content* om selves with 
considering various hypotheses and ac- 
cepting the one that seems to be most 
consistent with the known propei ties of 
the interiors of the stars and with the 
physical processes which are likely to 
take place under the conditions of ex- 
tremely high temperatures and pressures 
existing in them. 

T O begin with, it is important to note 
the distinction between these giant 
explosions, or supemovae, and the less 
spectacular star bursts of various types 
that occur constantly even in our own 
galaxy. First there are the ordinary no- 
vae, of which a few dozen flare up every 
year in the Milky Way. Although from 
the standpomt of the* inhabitants of a 
planetary system it would make no prac- 
tical difference whether their sun ex- 
ploded with nova- or supernova-inten- 
sity ( in either case everything would be 
vaporized in a fraction of a second ) , the 
phenomena are of totally different orders 
of magnitude, A nova at most reaches a 
maximum brightness of a few hundred 
thousand suns, whereas a supernova is 
equal to several hundred million suns. 
Novae occurring in distant regions of our 
galaxy can be seen only through a good 
telescope. Even when a nova is close 


enough to be observed bv the naked 
eye, it appeals no bugbtei than hun- 
dreds of other stars, and can be noticed 
only by a peison who is thoroughly fa- 
miliar with the pattern of constellations. 

An ordinary nova shows the same pat- 
tern of physical behavior as a supernova, 
except that the velocity of expulsion of 
its gas is smaller, and the mass of the 
ejected gas shell is a very small frac- 
tion of the total mass of the star itself. 
But a supernova must not be regarded as 
the extreme case of an ordinary nova, foi 
there is a great gap between them. A 
star explodes with an intensity of several 
hundred thousand suns or with an in- 
tensity of several hunched million suns, 
there is no middle ground. This suggests 
that we may have here a qualitative dif- 
ference in the nature of the explosive 
piocess— a difference as gieat as that be- 
tween TNT and atomic bombs. 

Below the ordinary novae is a peculiai 
class of stars that explode much less 
violently— their luminosities inciease 
only by a factor of 100 or less. These 
so-called U Gemmoium stars, named 
after their most typical member, blow 
up periodically at mteivals langing from 
several days to over a year. The intensity 
of their explosions is roughly propoi- 
tional to the period between bursts: stais 
that explode at intervals of 10 to 20 days 
increase their luminosity bv a factor oi 
15, those with a period between 50 and 
70 days, by a factor of 40, and those 
with a period of about a yeai, by a fac- 
tor of 100. 

The Russian astronomers Kukarkm 
and Paienago have suggested that the 
U Gemmorum stais may have a close 
kinship to ordinary novae. If we extiapo- 
late to novae the U Geminorum formula 
for the dependence between the period 
and the intensity of explosion, we find 
that the ordinary novae may he consid- 
ered as U Geminorum stais with penods 
of 10,000 years or more. The period of 
astronomical observation is not long 
enough to prove or disprove such perio- 
dicity for the novae. It is significant, how- 
evei, that two cases of novae that re- 
peated themselves have actually been 
observed. One is RS Ophiuchi, winch 
exploded first in 1898 and again in 1933. 
Another is U Scorpii, which exploded 
three times— in 1863, 1906 and 1936. 
These two stais seem to lie in an inter- 
mediate zone. Their explosions aie con- 
siderably stronger than those of U 
Geminorum stars but much weaker than 
those of most ordinary novae. The ob- 
served interval between their explosions 
is in good agreement with the periodicity 
formula, for both RS Ophiuchi and U 
Scorpii increased in luminosity by a fac- 
tor of a few thousand, which would cor- 
respond to a period of 30 to 40 years. 
Suppose we applied the same formula 
to the supemovae. We would find that 
on the basis of the violence of their ex- 
plosions their periods would be of the 


oi clei of many millions of years— which 
is comp ai able with the total estimated 
life of the large luminous stars. From this 
it seems to follow that a supernova is 
not a repeating phenomenon. In conti ast 
with an ordinal y nova or U Gemmorum, 
which can go on exploding penodically 
because each time it leleases only a small 
fi action of its total energy, a supernova 
gives everything away m one giant blow 7 - 
up. This does not necessarily mean that 
the explosions of U Gemmoii, ordinary 
novae and supemovae are fundamentally 
different m origin. It is veiy possible that 
a stai may stait its explosive caieer with 
a senes of small, frequent explosions, 
which later become larer and more in- 
tense and finally finish up m one giant 
outburst. 

W E come now to the mam question* 
What is the most plausible hypothe- 
sis to explain the explosions of supei- 
novae? It is clear fiist ol all that these 
explosions are not of a chemical natuie, 
for at the tremendous temperatures of 
stellar material all chemical compounds 
aie completely dissociated, and in any 
case, even if the exploding stars w r eie 
made entirely of TNT they could not le- 
lease anywheie near the amount of en- 
ergy observed. We know that all noimal 
stais, including our sun, obtain their en- 
ergy supply from some system of thermo- 
nuclear leactions, the most plausible of 
which is the so-called carbon cycle that 
transforms hydrogen into helium. Is it 
possible that the explosion of a star is 
due to some other nuclear reaction which 
is switched on suddenly at a certain stage 
m the stabs evolution? 

We may say at once that it is unlikely 
that a disiuptive reaction of this kind 
would develop m the interior of a star 
while the carbon cycle was still going 
strong. The reaction between carbon and 
hydrogen in this cycle runs at a constant 
rate, and theie seems to be some natural 
“thermoregulatoi” that maintains the 
temperature m a stabs interior at the 
exact value necessary for the process. 
But when a star finally burns up its sup- 
ply of hydrogen, the body of the star 
must begin to shrink This conti action 
would be expected to make the star hot- 
ter. At that point other nuclear reactions 
that require higher temperatures may 
possibly come into action. 

The trouble is that it is hard to imagine 
what kind of nuclear reaction could over- 
come the self-regulatmg mechanisms of 
a star. Whenever the central tempera- 
ture begins to rise above the critical 
value, so that there is a danger of a ther- 
monuclear reaction running astray and 
producing an explosion, a stellar body 
tends to expand rapidly and reduce the 
temperature below die danger pomt. 

A possible answer to our dilemma may 
lie in a suggestion made many years ago 
by the German astronomer Grotrian. Ac- 
cording to this rather paradoxical sug- 



geslion, the explosions of stais aie clue 
not to the liberation of energy but rather 
to the absoiption of encigy by some 
nucleai leaction. 

To understand this statement, one 
must lcmembci that the equihbiium of 
a stellar body lests fundamentally on the 
exceedingly high cential gas piessuie 
that suppoits the weight of the outei 
layeis Suppose that at a ceitain stage ol 
a stai's evolution some energy-absoibing 
leaction weie to set in that caused the 
central piessuie to chop suddenly. The 
body of the star would collapse, much 
like the loof ol a buinmg building. In 
the pioeess ot such a catasliophic col- 
lapse the hot masses horn the stellar m- 
tenoi would be foiced oulwaid in llie 
ioim of white-hot sti earns of mattei, and 
the stai would flaie up m a sudden flasli 
of light. 

Prehmmaiy studies of such collapse 
processes indicate that there is indeed 
enough thermal energy stoiecl in stellai 
mtenois to account for the observed 
flashes of the supoi novae, not to mention 
lesser explosions. Seven al yeais ago the 
author and his Biazihan colleague Mano 
Schonberg suggested a certain type of 
thci monuelear reaction that might lead 
to the loss of energy in a star’s interior 
necessary to produce such a collapse. 
The suggestion was that when a star ap- 
proaches die late stages of its evolution 
it must develop in its niton cn a nucleai 
pioeess producing a large number ol 
neutiinos, the almost massless fundamen- 
tal particles that have been theoietieal- 
ly piechclcd but not directly observed, 
which possess an almost unlimited pow- 
er of penetration and thus can escape 
through any kind of enclosure. Once 
such a neuti mo-bieeding process set m, 
heat would escape from the interior oi 
the star, its temperature would drop, and 
the internal piessure would no longer be 
able to support the weight of the outei 
layeis. The entire star would collapse 
and expel white-hot masses of mattei m 
a giant explosion. 

The thcoiy of neutrino production in 
hot stellai interiors can be developed 
with consideiable confidence on the basis 
of modem findings m nucleai physics, 
but the tieatment of the collapse process 
itself represents a very complicated 
problem m hydrodynamics. This prob- 
lem is too difficult to solve by present 
methods of mathematical analysis. It 
seems probable, howevei, that it can be 
conquered with the help of electronic 
computing machines. We hope to set up 
the problem on a powerful new elec- 
tronic computer now being built at the 
Los Alamos Scientific Laboratory of the 
Atomic Efiergy Commission. 


George Gamow } presently theoretical 
physicist at Los Alamos Scientific 
Laboratory , is author of Birth and 
Death- of the Sun and other books. 



SUPERNOVA WAS PHOTOGRAPHED by an exposure of 20 minutes on 
September 10, 1937. It is only star visible in extiagalaclic system 1C 4182. 



SAME SUPERNOVA HAD FADED so much by November 24, 1938, that a 
45-minute exposure revealed it as only one of several visible stars in 1C 4182. 



SUPERNOVA WAS INVISIBLE by January 19, 1942. An 85-minute ex- 
posure did not show it at all. Photographs by Walter Baade of Mount Wilson. 
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In the salamander, which is able to regenerate amputated limbs, 
certain cells return to their unspecialized youth. What is the 
bearing of this curious phenomenon on such problems as cancer? 


by S. Meryl Rose 


E VERY living creatuie starts out on 
life’s journey as a cell or group of 
cells whose most remaikable fea- 
ture is a total lack of distinction. Even in 
man and the other higher animals the 
embryonic cells from which the compli- 
cated organism is destined to develop 
are, as far as our observation goes, all 
alike. Only after a certain period of de- 
velopment do the cells acquire special 
characteristics and functions: some be- 
come hair, some brain, some skin, some 
muscle. The biologist's name for this 
momentous process is differentiation. 

For many years most embryologists 
have believed that somewhere along the 
road from the fertilized egg to a fully 
differentiated cell is a sign which reads, 
“You cannot return.” Up to that point 
the road permits two-way traffic. While 
the egg is changing to an embryo its parts 
can be exchanged without changing the 
final foim of the embryo. Thus when 
cells destined to be brain axe trans- 
planted to a futrne abdominal skm re- 
gion, they become transformed into skin 
cells indistinguishable from cells which, 
had always been on the road to skin for- 
mation. Conversely future skin cells, if 
transferred to the proper neighborhood, 
will become normal brain cells. In the 
early stages of development single cells 
and small groups of cells are extremely 
plastic, and what they become depends 
upon the neighborhood in which they 
grow up. 

But there comes a time when the ef- 
fect of a neighborhood cannot be un- 
done simply by moving to another neigh- 
borhood. The cell has been influenced 
too long; it has passed the ciitical sign- 
post and can no longer return or cross 
over to another road. It will continue 
toward its fated destination even if it is 
placed in foreign surroundings. Once dif- 
ferentiated, it shows great stability: small 
groups of cells taken from their" normal 
environment and planted in a suitable 
nutrient solution can maintain their own 
peculiar characteristics for many gener- 
ations. 

We know now, however, that this is 
not the whole story. Evidence is accumu- 
lating that the evolution of a cell is by 
no means as irreversible as used to be 


thought. Even m the constant envnon- 
ment of a tissue culture, well-diffeien- 
tiated cells of nerve sheath, muscle and 
connective tissue have sometimes been 
observed to change mysteriously to an 
amoeboid form and wander around 
scavenging on cellular debris. And in a 
living organism (as well as occasionally 
in a tissue cultme) there is the unhappy 
fact that normal, differentiated cells can 
metamorphose into cancel ous ones. Un- 
fortunately this is a transformation fiom 
one stable type of cell to anothei; the 
new cancer cells can reproduce their 
own kind thiough many generations. 

XPERIMENTAL proof that under 
some circumstances cells can turn 
back, disregarding the one-way sign on 
the road, has been obtained in certain 
lecent studies of salamanders. The sala- 
mander is a convenient animal for the 
investigation of this problem because it 
can regenerate amputated tissues. When 
a limb is cut off a salamander, the stump 
produces a blastema, or bud, from which 
a new limb grows. A close study of this 
process shows that even in full-grown 
adults tire cells that furnish the bud for 
the new limb first revert to an embryonic 
type and then can develop into any of a 
variety of cell types, always m conform- 
ity with the neighborhood in which they 
happen to be growing. In other words, 
adult cells of the animal dedifferentiate 
and regain then youth, and then grow 
up again like young embryonic cells. In 
the stump of the old limb, where they 
are influenced by the old tissues, the 
plastic cells produce only the missing 
part, no more and no less, and it is per- 
fectly blended with the stump. But if, 
while still plastic, the blastema is trans- 
planted to another neighborhood, it will 
develop into an integrated part of its new 
neighborhood. 

What is the evidence that the sala- 
mander’s adult cells actually do dediffer- 
entiate? Other explanations of the origin 
of the blastema cells have been sug- 
gested. In die early years of this century 
it was thought that dining the regenera- 
tion of a limb each old tissue of the limb 
stump budded and furnished the cells 
for the new tissues. According to this 


view legcneialion was tissue by tissue, 
each producing its own kmd. For exam- 
ple, new skeletal tissue was thought to 
arise only liom old skeletal tissue. This 
idea had to be discarded when experi- 
ments showed that even if all the skeletal 
tissue is lemoved fiom a stump, new 
skeleton will still form. 

Another theoiy is that the blastema 
forms fiom a reseive of cells in the body 
which have never differentiated. The 
great objection to this hypothesis is that 
theie me veiy few cells in an adult limb 
which are not differentiated in appear- 
ance. And the lew that may be undiffer- 
entiated do not glow and divide enough 
to form a blastema. Furthermore, a small 
segment of a limb can regenerate many 
times, and it is difficult to see where it 
could obtain a leplenishable supply of 
reseive cells to make this possible. It can- 
not get them fiom a stoi chouse else- 
where in the body, for experiments have 
shown that the blastema cells always 
have a local origin. For example, if a 
segment from a white limb is giafted to 
a dark one and then amputated through 
the white legion within a millimetei of 
the daik tissue, the regenerate will be 
white. This means that the blastema cells 
come from the millimeter-thin segment 
of white tissue at the end of the slump. 
Not until the cut passes paitly through 
daik tissue and partly thiough white 
docs the regcneiate have any dark tissue 
m it. Then the part of the new limb ad- 
joining the dark poition of the stump is 
dark and the part adjoining the white 
portion is white. There is another test 
that reinforces this finding. It is known 
that X-rays can destroy the ability of an 
animal’s tissues to regenerate. If the up- 
per part of a limb is X-rayed and the limb 
is amputated through the unirradiated 
lower part so as to leave only a millimeter 
of unirradiated tissue on the stump, the 
limb can regenerate. The tiny segment 
of unirradiated tissue could hardly con- 
tain enough reserve cells to create the 
bud of a new limb, m view of the known 
fact that very little cell division takes 
place in the stump before a blastema 
forms. 

So it seems almost certain that the new 
cells which make up a regenerating bud 
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must be cieatcd by the turns! oiina turn of 
old cells. Studies made by means ot the 
X-niy technique indicate that many 
kinds ol tissue can dedifferentiate to sup- 
ply the limb with legeneiation colls. 
When a salamandei limb is X-rayed so 
it cannot regenerate, the ability to 
geneiate a new limb can be restored by 
grafting to the end ol the stump some 
uniuadiated muscle, caitilage or skin tis- 
sue All these tissues have in common a 
certain type ot cell, the fibiocyte (which 
produces fibers) Because fibrocytes are 
present in most tissues and aie relatively 
undifferentiated m appearance, they 
have been strongly suspected as the 
pnmai y contributors to the blastema. 
Recently, howevei, we have collected 
evidence which suggests that the majoi 
contributors aie not fibrocytes but epi- 
dermal cells, which form the outer layer 
of the skin. Oiu experiments indicate 
that these cells can dedifferentiate, that 
they become a huge part of the blastema, 
and that they can be transformed into 
such tissues as cartilage and muscle. 

E VIDENCE that epidermis is Lhe ma- 
jor source of regeneration cells was 
first presented 21 yeais ago by the Polish 
biologist Emil Godlewski. Godlewski’s 
observation was so out ol key with cm- 
bryological theory at that Lime that it 
was discarded as almost certainly an 
error. A lew years ago we began to 
learn some new facts which caused us 
to wonder whether the Godlewski story 
might not be coirect. We were attempt- 
ing to induce limb regeneration m adult 
hogs. Frogs can regenerate theii legs 
during the tadpole stage but lose this 
ability when metamorphosis to the adult 
stage begins. We found that we could 
make an adult hog regenerate a large 
part ol an amputated limb by irritating 
the wound with strong salt solutions. 
Strangely enough, the salt treatments 
wcie effective even if they weie not 
given until alter the amputation wound 


had been sealed by epidermis. It was m 
the epidermis, m fact, that the change 
began: a large number of epidermal 
cells migrated over the wound and piled 
up at the end of the stump on the spot 
wheie the new limb bud was about to 
form. 

In oui next cxpeiiment, we replaced 
skin on the limbs of adult frogs with skin 
from tadpole tails still young enough to 
regenciate. We then amputated the 
limbs, cutting through the young skin 
and the old internal tissues. The frogs 
legeneiated quite good new limbs. The 
cells loi the new limbs of course came 
from the transplanted young skin re- 
maining on the stumps. The fact that this 
skin consisted almost cntnely of epi- 
dermis and contained very lew fibrocytes 
again led us to suspect the epidermis as 
a source of legeneiation cells. 

Following up this clue, we icmvesti- 
gated legeneiation in salamandei s, at- 
tempting to trace the plastic cells to theii 
source. Nontoxic dyes weie used as a 
tracei material. We soon discoveied that 
when epidermal cells of legenerating 
limbs were stained with such a dye, the 
dye did indeed turn up latei m regenera- 
tion cells. This in itself was no proof of 
the conversion of epidermis to icgcnera- 
tion cells, because some of the dye might 
have been absorbed by phagocytes, or 
scavenger cells, that engulfed dead epi- 
dermal cells, and the phagocytes might 
have become legeneiation cells. How- 
ever, it was found that the only type of 
cell that accumulated m the region 
where the blastema was to form was epi- 
dermal cells. When a blastema forms, 
about 20,000 epidermal cells disappear 
and simultaneously about 20,000 regen- 
eration cells appeal. 

Two further investigations to be com- 
pleted soon should give us conclusive 
evidence on the question of whether the 
epidermis changes into other tissues 
Epidermal cells with only one set of 
chromosomes have been .transplanted to 


limbs ol hosts with ihiee sets ol clumno- 
somes, If regenerates on these limbs con- 
tain cells in the internal tissues with one 
set of chromosomes, it can only mean 
that epidermal cells have been trans- 
formed to cells of quite a diffeicnt type. 
In the other experiment unii radiated epi- 
deimis has been gralted to X-rayed limbs 
which are unable to grow or regenei ate. 
If legeneiation occurs, the only possible 
souice of the growing cells will be the 
epidei mis. 

T HE question now arises: what hear- 
ing do these findings have on the 
pioblem of cancel ? The fiist point to note 
is that the phenomenon we have been 
considering, i.c., the loveision ot adult 
cells to embryonic ones, is not quite the 
same as the tnmsfoimation of normal to 
cancel cells. While the latter process also 
is often spoken of as dedifferentiation, 
the woid then has a different meaning It 
means that cancer cells lose some ol the 
characteristics of a particular type ot 
differentiation and lesemble embryonic 
cells in then late ol giowth, But they 
differ from embryonic cells in appear- 
ance and m the fact that they often retain 
at least vestiges ol their foimer normal 
differentiations and do not differentiate 
when they come under the influence of 
adult- tissue neighborhoods. Il might he 
better to speak of cancer cells not as 
dediffeientiated but as abnoimally dif- 
ferentiated. Nevertheless it appears that 
m the case of cancer, as in that ol re- 
generation, we are dealing with a prob- 
lem m embiyology, and that the self- 
maintaining abnormal differentiation 
which is cancer might also be lost in a 
truly dedifferentiating environment. A 
test of this hypothesis is possible. 

The basis of the experiment, which 
involves transplanting frog tissues to 
salamanders, is as follows: Frog cells* 
tissue foi tissue, are much s mallei than 
salamandei cells. If a certain common 
cancer of the kidney in frogs could be? 



AMPUTATED FOREARM of a salamander is tipped NEW FINGERS begin to form after two weeks. If the 
with a mound of regenerating tissue. From this blastema original blastema is transplanted to another part of the 
develop such specialized tissues as skin, hone, muscle. salamander, it exactly reproduces tissue of that region. 
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transplanted and grown m salamandei 
limbs, it should be easv to follow the Lite 
of the smaller hog cells m the host. The 
question was: could frog cancel cells 
maintain themselves and glow m the 
foieign salamander environment? Nor- 
mal frog tissues are almost immediately 
destroyed in salamanders, hut theie was 
hope that the cancer cells would survive. 
The hope was based on knowledge that 
some mammalian tumois. especially the 
malignant ones, not only can survive but 
flourish m hosts of a different species. 
Using a new method for maintaining a 
transplant m a foreign species, we found 
that we coukl establish pure cultuies of 
hog cancer cells m salamandei limbs. 

Aftei the cancers began to grow, the 
limbs were amputated through the can- 
cel The salamanders regenerated new 
limbs as usual but in some of them 
patches of frog-sized cells appeared. 
These differentiated into muscle and 
caitilage. In otliei words, the frog cancer 
cells apparently had dedifferentiated in- 
to noimal embrvomc cells. At first they 
were well integrated with the surround- 
ing salamander tissues and participated 
m the formation of normal structures. 
Before their differentiation was com- 
pleted, however, they began to be treat- 
ed as foreign cells and died. This is ex- 
actly what would he expected if the frog 
tumor cells were transformed, for they 
would develop into frog muscle and car- 
tilage, which the salamander host could 
not tolerate. 

Yet we had to take into account the 
possibility that the small tiansformed 
cells were not actually frog cells but ab- 
normally small salamander cells which 
had in some way been affected by sub- 
stances released from the nearby cancer. 
To decide between these alternatives a 
sensitive test to identify frog cells was 
employed. Normal frog tissues were 
blended, and fluid from the blended mix- 
ture was mjected into rabbits. The in- 
jection caused the rabbits to form spe- 
cific antibodies to the frog antigens. The 
rabbit antibodies then served as a test 
for the presence of frog cells, for when 
they encounter a solution of frog antigens 
a cloudy ring forms at the junction of 
the two liquids. An antibody prepara- 
tion was applied to a cell culture from 
the regenerating salamander limbs A 
cloudy ring developed, proving that frog 
antigens \\ ere present in the limbs These 
frog antigens were certainly not from 
frog cancer cells, for the cancer had dis- 
appeared from the limb some time be- 
fore. It seems very likely that frog anti- 
gens exist only in non-cancerous cells. If 
so, this test was proof that cancerous cells 
had transformed to normal 

HAT is the process that brings 
about the differentiation of a cell? 
What aberrations of this process trans- 
form one type of cell into another? Some 
lecentlv learned facts in genetics and 


biochemistry make it possible to suggest 
a hypothesis. 

The differences that develop among 
cells when they differentiate are stable 
chffeiences winch can be transmitted to 
daughtei cells thiough many genera- 
tions. Yet the genes, the hereditary 
particles m the nuclei of the cells, ap- 
parently do not change duiing differen- 
tiation. The transmission of the cell- 
changes, that is, cellular heredity, must 
be controlled by some mechanism other 
than just the nuclear genes. Tiacy M. 
Sonneborn of Indiana University has re- 
cently shown that the single- celled ani- 
mal Paramecium has a kind of gene, 
called plasmagene, which lies in the cy- 
toplasm, the part of the cell outside the 
nucleus. Like the chromosomal genes of 
the nucleus, plasmagenes help determine 
the characteristics of the individual Para- 
mecium. In some cases a chromosomal 



cells in center) are transplanted in 
salamander to examine their changes. 


gene endows the organism with a certain 
set of possibilities, but environmental 
factors, operating through a plasmagene, 
determine which one of these possibili- 
ties will be realized. This kind of system, 
as Sonneborn has suggested, might form 
the basis for differentiation. It might 
work this way, taking a mouse as an ex- 
ample. The feitilized mouse egg has 
chromosomal genes which sav to the 
cytoplasm, “You may become a mouse 
liver ceil or a mouse kidney cell or what- 
ever mouse cell you wish ” But actually 
the cytoplasm does not have a choice. It 
is under the control of the cellular en- 
vironment or neighborhood, which de- 
termines what type of cell will form. 
There is a period during the develop- 
ment of the embryo when great foldings 
and migrations of sheets of cells take 
place. It is at this time that neighbors 
effect great changes in each other. For 
example, cells migrating forward in the 
middle layer may induce the cells in the 
sheet above them to become brain cells. 



It is unlikely that this process is accom- 
plished by the simple induction of a par- 
ticular plasmagene m the responding 
cell, foi a cell during differentiation is 
known to be affected by many neigh- 
bors. Instead we have to think of a com- 
plex character building up m each cell 
as the result of multiple inductions The 
complex is inheritable and like a plasma- 
gene it probably lies m the cytoplasm. 
The mechanism of induction may be an 
antigen-antibody type of reaction. 

What kinds of substances could pro- 
duce these differentiating reactions? The 
substances seem to exist m a great variety 
of foims and to repioduce tiue to type, 
but they can change on occasion and 
then reproduce true to the new form 
Botli these properties are possessed by 
genes and vimses, winch are either pure 
nucleoprotems or contain large amounts 
of nucleoprotem Now the cytoplasm of 
all cells contains large amounts of nbo- 
nucleoprotem Thus it seems likely that 
ubonucleopiotem is the differentiating 
substance. 

This conclusion is supported by stud- 
ies of investigators working with cancer 
viruses. These are pai tides which can be 
obtained from certain cancer cells* ior 
example, a piuticulai kind oi cancer in 
chickens. When the particles are in- 
jected into baby chicks, the cells near 
the site of injection become cancerous, 
in other words, the injected material 
transfoims the new cell into one just like 
the cell from which it came. And these 
cancer-pi oducing particles consist m 
large pait of nucleoprotem. 

Similar evidence comes hom investi- 
gations of the various strains oi pneumo- 
cocci, the pneumonia bacterium. Each 
strain has its own peculiar nueleopio- 
tems. Significantly, when nucleoprotem 
exti acted fiom one strain is introduced 
into another, it reproduces true to type 
in its host and transforms the host into 
the strain fiom which it was exti acted. 

We assume, then, as a woikmg hy- 
pothesis, that the differentiation of a cell 
is the result of the construction oi a par- 
ticular nucleoprotem complex. II this is 
the case, dedifteientiation would come 
about through a breakdown or simplifi- 
cation of the nucleoprotems to a plastic 
form in which they would again be able 
to react to their neighborhoods and pio- 
duce new complexes. 

Obviously this is a problem of consid- 
erable medical interest If we can learn 
how the adult cells in salamanders 
change back to young cells, and can du- 
plicate these conditions in human or- 
gans, great opportunities for the repair 
and replacement of defective parts, and 
for changing abnormal cells to normal 
ones, will be open to us. 


S. Meryl Rose is associate 
professor of zoology at 
the University of Illinois. 
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aniline 

ALIZARIN 
CATECHOL 
THIOUREA 
CURCUMIN 
CUPFERRON 
RESORCINOL 
GALLIC ACID 
CACOTHELINE 
FLUORESCEIN 
RHODAMINE B 
quinalizarin 

GALLOCYANINC 
TITAN YELLOW 
B E N Z I M I DAZOLC 
CARMtNIC ACID 
DITHIOOXAMIOC 
METHYL IODIDE 
D I PHCNYLAMINB 
Dl PICRYLAMINC 

oi*)3<naphthoi. 

DIAZINE GREEN 
a,a'-DIPYRlDYI* 

DIETHYLANILINE 

methyl sulfate 
malachite green 

fl-BENZOIN OXIME 
SULFANILIC ACID 
BRUCINE SULTATE 
SALICYLALDEHYDE 
SALICYLALDOXIME 
Ci-FURl L DIOXIME 
PHCNOLPHTHALCIN 
PHENYL HYDRAZINE 
CY-NAPHT HYLAM I N E 
DIMCTHYLGLYOXIMC 
HYDRAZINE SULFATE 

0- HYDROXYDIPH cnyl 
P-HYDROXYDJ PHENYL 
Dl ACETYL MONOXIME 
8-HYDROXYQU I NOLINE 
S-DIPHENYLCARBAZ1DE 
SODIUM HYDROSULFITE 
FUCHSIN R F N BASIC 
FLUORESCEIN CHLORIDE 

1- NITROSO-2-NAPHTHOL 

2- NITROSO-I-NAPHTHOL 
SODIUM N IT RO P R U S S I D E 
DIPHCNYLTHIOCARDAZONE 
POTASSIUM RHODIZONATE 
P-NITROBENZENCAZOORCINOL 
SODIUM ALIZARINSULFONATE 
2,7-DIHYDRQXYNAPHTHALENE 
POTASSIUM ETHYL XANTHATE 
TRIKETOHYDRINDENE HYDRATE 
BENZENESULFOHYDROXAMIC ACID 
S-DI-P-NITROPHENYLCARBAZIDE 
H YDROXYLAM INC HYDROCHLORIDE 
P-NITROBENZENCAZORESORCINOL 
P-NITROBENZCNCAZO*OI-NAPHTHOL 
4 - P Y R I D Y L P Y R l D I N I U M DICHLORIDE 
P-DIMET HYLAM INOBENZALRHODANINE 
SODIUM DIHYDROXYTARTRATE OSAZONE 
SODIUM /3-N APHTHOQU I NONE-4-SULFON ATE 

p-dimethylaminoazophenylarsonic ACID 

P.P'-TET RAM ETHYLDIAMINODIPHE NY LM ETHANE 
P'AMINODIMETHYLANIUNE monohydrochloride 
1 ,8-DlHYDROXYNAPHTHALENE-3.6-D|SULFONIC ACID 

NAPHTHALENE-I-SULFONIC AC|D-(4-AZO-5)-B-HYDROXYQUINOLlNE 

P-NITROBENZENEAZO CHROMOTROPIC ACID (p-NlTRQBENZENEAZQ-1 k B- D I H Y D R O X Y N A P H T H A LEN E*3,6-DISULFON)C ACID) 


A DROP OF REAGENT AND AN OBSERVANT EYE 

Fritz Feigl and his collaborators through the years have ren- 
dered a great and lasting service for all who need to know the composition of 
the materials with which they work. 

They have built a neat and sensitive system of qualitative 
analysis that calls for only the simplest and most inexpensive equipment. 
Whether you are a clinician hunting for traces of pyruvic acid or a mineral- 
ogist suspecting the presence of palladium, Dr. Feigl’s book* and a gram of 
the reagent he recommends can unlock doors for you. 

Eastman's part is to supply the Feigl reagents listed on the 
left in 1- and 5-gram quantities. We consider them a very important aspect 
of our job, which is to serve chemists everywhere by maintaining the world's 
most complete stock of organic chemicals. 


EASTMAN KODAK COMPANY 
Organic Chemical Sales Division 
Rochester 4, N. Y. 
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^Qualitative Analysis by Spot Tests, 3rd edi- 
tion , 1946, Elsevier Publishing Co,, Inc,, New York 




The Sirioldering Atom 

T HE Russian atomic explosion faded 
from the front pages rathei quickly, 
apparently leaving a minimum of resid- 
ual activity. Despite its seemingly small 
diplomatic effects so far, howevei, it set 
oft some new chain reactions which be- 
hind-the-scenes observers in Washing- 
ton, the United Nations and other world 
capitals have followed with considerable 
interest. 

The opening propaganda move was 
made by the U.S.S.R. Soon after Presi- 
dent Truman’s announcement of the 
Russian explosion, the Soviet representa- 
tive on the UN Atomic Energy Commis- 
sion proposed that the U. S. offer “new 
concrete proposals” for the international 
control of atomic energy. The five other 
permanent members of the Commission 
(the U. S„ Great Britain, France, Can- 
ada and China) countered by reassert- 
ing their support of the “Baruch” plan, 
insisting that it was essential to any ef- 
fective system for atomic control. That 
neither the Commission majority nor the 
U.S.S.R. was ready to change its position 
was emphasized in reports made to the 
UN General Assembly by both sides a 
month after the Russian explosion. The 
majority, la\ ing entire responsibility for 
the deadlock on the U.S.S.R., declared: 
“The Government of the U.S.S.R. puts 
its sovereignty first and is unwilling to 
accept measures which may impinge 
upon or interfeie with its rigid exercise 
of unimpeded state sovereignty.” There 
was a wide difference between the ma- 
jority and U.S.S.R. plans for the re- 
striction of atomic energy to peaceful 
purposes. Stripped of minor issues, the 
difference was this: international owner- 
ship and operation of critical atomic en- 
ergy activities (the majority plan) o. 
national ownership and operation with 
periodic inspection by an international 
agency (the U.S.S.R. plan). 



Could any compiomise be found be- 
tween such divergent points of view? 
The author of the Baiuch plan and 
official spokesmen for the Tiuman Ad- 
ministration evidently thought not. 
Frederick Osborn, deputy U. S. repie- 
sentative on the Commission, declared 
that any agieement on atomic weapons 
short of “opeiating and managerial con- 
trol” would be merely an ineffectual 
“expression of good intention.” Bernard 
Baiuch ( speaking f 01 himself) urged the 
U. S. to accept no substitute for his plan; 
he held that agreement on a lesser plan 
would only “create a false sense of se- 
curity ” 

It was clear, however, that many U. S. 
students of the atomic eneigy control 
problem did not share these views. One 
indication of this was the stir cieated by 
Chester I. Barnard’s article “Arms Race 
v Control” m the November Scientific 
American, m which Mi. Barnard, a co- 
author of the Acheson-Lilienthal plan, 
urged “some changes m our tactics and 
our attitude.” The article was widely 
discussed m Washington, in the UN and 
by unofficial commentatois. Some critics 
of U. S. foreign policy went so fai as 
to charge that the U. S. control plan, as 
presented to the UN, had been deliber- 
ately designed to make it unacceptable 
to the U.S.S.R. In the New York Daily 
Compass the columnist I. F. Stone de- 
clared. “I believe the Tiuman Adminis- 
tration never wanted an agreement on 
atomic disarmament and does not want 
one now.” 

Among U. S. atomic scientists and 
groups not connected with the Adminis- 
tration there was increasing discussion 
of compromise plans. Taking the realistic 
view that agieement on a comprehensive 
plan foi atomic control was impossible 
at the present stage of cold-war tensions, 
they proposed that an attempt be made 
to obtain a limited agreement, such as a 
five-year convention outlawing atomic 
arms coupled with some method of inter- 
national regulation of the mining of 
uranium and thorium. 

Within the UN itself there appealed 
to be an inci easing disposition to discuss 
compromises, particularly among the 
smaller nations. Carlos P. Romulo, presi- 
dent of the General Assembly, pioposed 
a truce or moratorium in the production 
of atomic bombs while negotiations pro- 
ceed on atomic energy control. A hint of 
a compromise in the control plans that 
had been actively discussed was given 
by Lester B. Pearson of Canada. The 
proposal was to reduce the scope of in- 
ternational ownership and operation of 
atomic facilities, in return for which the 
U.S.S.R. would be asked to agree to per- 
mit continuous inspection of atomic 


plants instead of periodic inspection. 
Said Mi. Pearson: “If it were possible 
to give moie poweis of operation to na- 
tions, and take away some poweis fiom 
the international agency, that would 
make it all the moie impoitant to have 
complete international powers of inspec- 
tion at any time without any reserva- 
tion. . . . Our Russian friends . . . have 
given no indication whatever at any time 
that they are willing to accept that kind 
of international supervision or inspec- 
tion, and that seems to me to be the fun- 
damental difference between the two po- 
sitions now.” 

As this issue of Scientific American 
went to press, a public debate of the 
atomic eneigy control pioblem began m 
the UN. It was obvious that the debate 
would serve meiely as an occasion for 
polemical attacks on the rival positions. 
Thus Andiei Y. Vishinsky, Soviet Foreign 
Ministei, dehveied an hour and a half 
speech denouncing the U. S.-sponsoied 
plan. He asserted that the plan “would 
make it impossible to use atomic energy 
foi peaceful pui poses” and that U. S. 
policy-makeis had no intention of agice- 
mg to a prohibition of atomic weapons. 
As for the U.S.S.R., Vishinsky declared 
that it was using atomic energy not foi 
stock-piling bombs but for constructive 
puiposes* “We are razing mountains, we 
are irrigating deserts; we are cutting 
through the jungle; we aie spi ending 
life, happiness, prosperity and welfaie 
m places where the human footstep had 
not been seen for thousands of years.” 

Coupled with apparently Soviet-in- 
spired stories m the Soviet-licensed Bei- 
1m newspaper Nacht Express , which said 
that the U.S.S.R. had used atomic bombs 
to blast channels thiougli the Turgai 
Mountains to divert two Siberian rivers 
to deseit aieas, Vishinsky ’s statement 
made sensational headlines. Whether or 
not the U.S.S.R. had enough bombs to 
“raze mountains,” or could use them in 
this way without creating prohibitive 
radiation hazaids, the statement drama- 
tized the fact that the U.S.S.R. intended 
to make an emphasis on the constructive 
uses of atomic energy the keystone of its 
atomic propaganda strategy. 

U. S. Step-Up 

I N the U. S. atomic eneigy progiam, the 
Russian explosion had two observable 
results. One was an acceleration of plans 
for expansion of plants producing atomic 
bombs. To enlarge the Oak Ridge and 
Hanford facilities for production of fis- 
sionable materials, the President author- 
ized the Atomic Energy Commission to 
draw $30 million immediately from 
budget reserves. When Congress recon- 
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vcnes m Jan iuu y lie will ask toi the ap- 
piopinition of $300 million moie loi this 
purpose. 

The othei icsult was an assuianee 
hom Great Biitam and Canada lliat the 
U. S. would continue to get a full sup- 
ply ol uranium hom the Belgian Congo 
and Canadian mines The three countiies 
have been discussing foi several months 
the lenewal ol an agi cement permitting 
the U. S. to purchase most ol the output 
ol these mines (Scientific American, 
September). Both the Butish and Ca- 
nadians, who had sought a lullei ex- 
change ol atomic mf oi matron with the 
U S, in i etui n loi this lenewal, mtormed 
the U. S. negotiators aitci the Russian 
explosion that the agreement would be 
renewed without conditions. The Execu- 
tive Branch oi the U. S. Government, in- 
cluding the AEG, lavors a moie liberal 
exchange ot atomic data, not only with 
Canada and Great Biitam hut also with 
one oi two other countiies, but has been 
blocked by opposition within the Con- 
gressional Joint Committee oil Atomic 
Energy. When Congiess reconvenes the 
Administration may seek i evasion ol the 
Atomic Energy Act of 1946 to obtain a 
clear authorisation lor the exchange ot 
more atomic information with Iriendly 
nations. 

Meanwhile the AEG received a clean 
bill ol health in the final report ot a ma- 
jority ot the Joint Committee on its in- 
vestigation ot Republican Senator Bouike 
B. Hickenloopei’s ehaiges oi “mci edible 
mismanagement/’ After 45 heaungs, the 
Joint Committee put the charges to a 
vote. The 10 Democrats voted to clear 
the Commission; the six Republicans 
voted against il. The majority, m its 
35, 000-woid leport. Look occasion to re- 
view the entiie AEC operation. It ci ed- 
ited the AEC with “taking a vast entei- 
puse which was 1 ailing apart at the 
seams and reshaping it into a foi mid able 
detenent against aggression.” On the se- 
curity question, it said. “[There is] no 
evidence hinting that Russia obtained 
seciets fiom the Commission which ad- 
vanced by one day the date when she 
completed her first atomic bomb. Like- 
wise, no evidence hints that Russia has 
acquiied miormatiou Irom the Commis- 
sion which would enable her to improve, 
by so much as mucilage and tissue papei, 
the cm rent Soviet bomb designs.” 

Senator Hickenlooper submitted a 
brief minority icpoit, supported by his 
Republican colleagues, which did not re- 
peat the “incredible mismanagement” 
charge but insisted that “widespread op- 
portunity has been provided for infiltra- 
tion of subveisives” in the AEC and ac- 
cused the Commission of a “leisurely” 
approach and “indecision” in develop- 


ment of its piogiam. The majouty and 
minority lcpoits agreed on one thing, 
research and development m the field of 
application of nuclear fission to useful 
powei has not been pushed hard enough 

Foundation Bill Fails 

T HE pioposed National Science Foun- 
dation, which two yeais ago seemed 
within sight, appears to become moie 
mirage-like with each passing yeai The 
recent session ol Congiess ended with 
the Foundation bill quietly and unic- 
sistmgly laid away m the House Rules 
Committee. 

In 1947 a bill to eieate such a founda- 
tion passed both houses of Congiess but 
was vetoed by President Tiuman as un- 
satisfactory. In the past session a bill cal- 
culated to remove his objections was ap- 
proved by the Senate. It languished foi 
seveial months m the House Committee 
oil Interstate and Foreign Commerce, 
and was finally killed by a margin ol one 
vote m the Rules Committee, consisting 
oi four Republicans, lluee Southern 
Democrats and five Northern Demociats. 
The lcadei ol the opposition to the bill 
in the Committee was James W. Wads- 
woith, Republican, ot New Ymk. 

The bill’s deleat was due in pait to 
the fact that it was caught m the general 
political cioss-fire that whistled around 
the Atomic Energy Commission and 
felled other hills involving new expendi- 
tures, notably Fecleial aid to education 
and national health insurance The bill 
was also actively opposed, as before, by 
the patent lobby. The chief factor de- 
feating it, however, appears to have been 
a decline in Washington’s interest m the 
measuie, Piesident Truman, foi exam- 
ple, I ailed to include it m his list of high- 
pnoiity legislation. Its opponents argued 
that the U S is doing well enough m 
science and needs no national founda- 
tion. 

Aureomycin v. Radiation 

HYSICIANS who have used the vei- 
satile new antibiotic aureomycin 
sometimes jokingly remark that soon a 
doctoi may need no equipment except a 
stethoscope and a bottle oi aureomycin 
capsules. The diug has been effective 
against a remarkable range of bacteiia, 
ncketlsiae and viruses. Now a group of 
workeis at the University of Roches lei 
Medical School has found that aureomy- 
cm also appeals to be useful in the treat- 
ment of radiation sickness. 

The research, conducted by Joseph W. 
Howland and associates, was supported 
by the Atomie’Energv Commission. Dur- 
ing the past six months they have made 




KEEPS RUBBER, ASPHALT AND 
PRESSURE SENSITIVE TAPES 
FROM STICKING TO PAPER 

We've coined a word to describe 
the remarkable release charac- 
teristic imparted to paper by DC 
1 107. This invisible silicone coat- 
ing developed by Dow Corning 
makes paper completely “ahhe- 
sive” to materials like rubber, 
asphalt and adhesive tapes that 
normally stick to any surface. 

An emulsion or a solvent solution 
of DC 1107 is easily applied by 
dip or roller coating and quickly 
cured by heating for 30-60 sec- 
onds at250 Q F. Experimental mill 
runs indicate that there is a large 
market for DC 1107 treated, 
“abhesive" paper as inter-leav- 
ing sheets for uncured rubber, 
camelback, tire tube patches, 
pressure sensitive tapes of all 
kinds and for bag stock to be 
used in shipping such sticky 
materials as tar and asphalt. 

MAKES PAPER WATER REPELLENT 

prevents initial wetting, maintains 
initial tensile strength and tear 
resistance for a relatively long 
period of time in contact with 
water. 
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POCKET MICROSCOPE 

Fascinating pencil-size microscope, clips on to 
your pocket; you*H be proud to own this amaz- 
ingly powerful pencil-size microscope. Ideal for 
people in alt walks of life. Holds unlimited fas- 
cination for both young and old Replaces costly 
instruments Magnifies 20X. Instant focus Excel- 
lent wide field Aluminum body, beautifully 
satin-finished Hundreds of uses Makes handy 
inspection instrument, "See for Cf| 

yourself". Order today. Postpaid 


BLACK LIGHT 

Ideal for the study of minerals Observe the 
colors of fluorescent materials under the 250 
Watt Purple X Lamp (Black Light). Why do 
white onions fluoresce milky blue white the 
peelings remain wholly negative? These results 
and many more are obtained under the same 
lamp Minerals from different parts of the coun- 
try give off different colors. Order a BLACK 
LIGHT and three brilliantly ft ft 

fluorescent minerals for only 

Express Collect. 

ALNICO TRICKSTERS 

Super-powerful permanent bar magnets with which a 
large variety of astonishing gravity-defying tricks 
can be performed. Two bars including trick sheet 
50c Plus 10c postage 

TELESCOPES 

Popular American Makes 

5X Telescope $2.00 8X Telescope $y.$o 
Wollensak yan-power 15 to 40X $24.50 

HARRY ROSS 

Scientific end Laboratory Apparatus 

70 West Broadway, New York 7. N* ¥. 




nr 


rTFn 


[ i np iiumn ii 


CALCULATIONS 

of all kinds can be easily 
solved on the 

BINARY CIRCULAR 
SUDS RULE 
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Thi*) rule will quickly >-olve the 
simplest ah well a-^ the more 
Uihieult problems involving 
calculations in Arithmetic, 
m Algebra ami Trigonometry 
Any number of factors < an be 
handled in lon^ and difficult 

tabulations The G *>«ale of 

the Binary is 2“» inches lung 
vmli graduations further apart than tlioe of a 
20-inch slide rule The 01, A, K Log stales 
are divided as closely as a 20-m Unle rule Log-Log 
stale extends from 1.0H15 to 1,000,000 Gives Trig, 
functions from 0 tu degree*- on baik Engine-di- 
vided scales setlnw ami black on white i uated aluminum 
Permanently an urate. l)ia 8 V' Price $7 25 in case, 
with instructions Approved at leading Unit U-td by 
many large firms in the V. S. 

MIDGET 

CIRCULAR SLIDE RULE 

Similar to Bman, has C, Cl. A, LL and Btnarv <-r»alcs 
C scale it, lg" lung Trig, functions un back Approved 
at schools and loading Uim. ideal for Students and 
bogmprs, ot ter potket use Half million sold. Price 
S2.50 ia easy with i r istru< Uon-, Made of metal 

ATLAS SLIDE RULE 

The Atlas Slide Rule Will 
quickly solve problems m 
Multiplication, Division, 
and Proportion and give 
Jesuits with a maximum 
era >i of less than i m 
•lli.OQO The Atlas has two 
C scales. One is 21* long 
and the so* oral one is a 
spiral of 30 coils This is 
equivalent to a straight 
rule 00 ft long and gives 
answers to 5 hgures. 

Chemists. Physicists 
and Engineers have found 
this rule invaluable for its 
gnat accuracy, Dia. -St 51 ". 
Easily portable. White 
coated aluminum With 
legible black and yellow 
scales. Price S9 .00 in case 
with, instructions 

SCALES OVERLAID IN YELLOW 

Facilitate easy reading. All rules have 2 Hair line 
Indicators on front and 1 on hack. Steel center hushing. 

We have many thousands of unsolicited letters on 

these rules. Descriptive circulars free. Satisfaction 

guaranteed, 

GILSON SLIDE RULE CO. 

Box 993 SA, Stuart, Fla. 

Slide Rule Makers Aince 1915 
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tests on more than 600 uits and dogs ex- 
posed to large doses of X-rays. Treatment 
with aureomycm after such exposuie, 
they learned, alleviates diairhea and 
other effects of radiation. The drug has 
also been tried on human beings. A pa- 
tient with Hodgkin s disease who after 
16 consecutive X-ray treatments became 
severely ill of radiation sickness showed 
marked improvement within 48 hours 
after receiving aureomycin, and was dis- 
charged from the hospital within a week. 
Similar results have been obtained in 
cancer patients given the drug to control 
the aftereffects of radium and X-ray 
treatments. 

ACTH 

T HE new hoimone drugs ACTH and 
cortisone have aroused so much in- 
terest m the medical profession that a 
special conference on them was held re- 
cently in Chicago. More than 200 U. S. 
and Canadian physicians attended it. 
The center of interest was ACTH, which 
is at present far more available than cor- 
tisone. In terms rare for a physician, 
Walter Bauer of the Harvard Medical 
School hailed the discovery of the thera- 
peutic effects of ACTH as “the opening 
of a new era in medicine.” 

ACTH and cortisone had already been 
reported dramatically successful in treat- 
ing arthritis and a muscular condition 
called myasthenia gravis, and had shown 
promise in a few cases of rheumatic 
fever. Benedict F. Massell and Joseph 
Warren of the Harvard Medical School, 
who had followed up the work in rheu- 
matic fever, reported to the conference 
that 10 out of 11 severely ill patients 
showed “generally excellent” improve- 
ment after ACTH treatment. In two 
cases the damaged heart valves in pa- 
tients with rheumatic heart disease ap- 
parently healed. 

Otheis at the conference reported that 
they had had good results with ACTH m 
asthma, gout, eczema and nephritis. But 
the physicians were warned that the 
drug may be harmful and is not to be 
used indiscriminately. Investigators at 
Columbia University's College of Physi- 
cians and Surgeons said that it can cause 
severe headaches and raise blood pres- 
sure, Furthermore, it has peculiar psy- 
chological effects. One woman, after nine 
daily injections, suffered from mental 
confusion; another patient became vio- 
lent and required electro-shock treat- 
ments. The warning was given force by 
the fact that an impure ACTH product 
has been offered for sale directly to pa- 
tients, at a cost of $100 for less than a 
tenth of an ounce, A black market has 
already sprung up in hog pituitaries, 
from which ACTH is extracted. 

Shortly after the conference a team of 
investigators at the Memorial Hospital in 
New York announced that ACTH and 
cortisone are being used experimentally 
in cancer. The drugs seem to have some 


effect on tumors deiivmg fiom the lymph 
tissues, such as lymphosarcoma and 
Hodgkin's disease. In a test on six pa- 
tients, three to six daily injections of one 
of the drugs markedly reduced the size 
of malignant growths m the lymph nodes 
and spleen. But the investigators empha- 
sized that “m none of these patients has 
a complete clinical remission of the dis- 
ease been obtained.” Moreovei, when 
tried against cancer of the bieast and the 
prostate gland the drugs had no effect. 

Case of the Trembling Detective 

T HE chief fingerprint expert of the 
Lancashire Constabulary in England 
recently turned up m the London Hos- 
pital with a peculiar, unexplained dis- 
ease. His teeth were coming loose. His 
hands trembled so violently that he could 
not lift a glass of water to his mouth with- 
out spilling it. His personality had 
changed radically. Formerly a confident 
witness at criminal trials, the 45-year-old 
sergeant now shook and blushed under 
the mildest questioning. 

Two hospital specialists undeitook an 
investigation of the strange case of the 
trembling policeman. They learned that 
like most British policemen their patient 
was m the habit of using a substance 
called “gray powder,” containing 33 per 
cent mercury, m dusting objects to bring 
out faint fingerprints. They also recalled 
that his chief symptoms— tiemor, loose 
teeth and psychological disturbances— 
were the same as those in a well-known 
disease known as “hatter 's shakes,” found 
occasionally among workers in the felt- 
hat industry who are exposed to the mei- 
cury used in the ieltmg process. Putting 
two and two together, they concluded 
that the patient was suffering from mer- 
cury poisoning— inhaled gray powder 
had affected his nervous system. This 
solution was confirmed when the police- 
man impioved after he was instructed to 
stop using the powder. 

The hospital investigators soon found 
that six colleagues of the fingerprint ex- 
peit m the Lancashire Constabulary, out 
of a total staff of 32 men, had the same 
trouble. The Lancet , Britain's leading 
medical journal, promptly urged that 
Biitish detectives stop using gray pow- 
der. Similar warnings may be expected 
to follow in the U. S. Detectives of the 
Federal Bureau of Investigation and 
many local police forces use the same 
mercury-containing powder. 

Debris Dissolvers 

T HE draining of pus and other bio- 
logical debris from the internal tis- 
sues of infected patients is one of the 
most troublesome problems in medical 
practice. Such accumulations of dead 
cells and coagulated blood are charac- 
teristic of chronic ulcers, tubercular 
meningitis, severe burns and many other 
disorders, and often it takes a major op- 
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oration to get at the regions that have to 
he chained. Now the problem may be 
gieatly simplified by the discovery or two 
powerful substances that can liquefy tins 
mateiial and enable the body to dis- 
chaige it m the urine and other wastes. 

These substances aie enzymes, ex- 
tracted, stiangely enough, hom a most 
dangeious bacterium, the hemolytic 
stieptococcus. One enzyme is strepto- 
kinase (SK), discovered by William S. 
Tillett of New York Umveisity, and the 
other is streptodoinase (SD), identified 
by Tillett and Sol Sherry. Togethei with 
L. R. Christensen, who developed ways 
of concentrating and purifying the en- 
zymes, they made clinical studies of the 
substances. They found that injections 
consisting of five parts of SK to one part 
of SD dissolved pus and other debris 
without banning healthy tissues. How- 
ever, SK retauls the formation of blood 
clots, so the treatment is 1 ulccl out where 
theie is risk ol seveie bleeding. 

Phi Beta Kappa Waves 

A T Tufts College’s Institute for Ap- 
- plied Experimental Psychology, 
laboratory workers for some yeais have 
been using a device for recording a lead- 
er’s eye movements by regislcimg the 
electrical currents that accompany the 
contraction of eye muscles. Recently 
some ol the investigators decided to try 
to design an electronic machine that 
would count the eye movements and au- 
tomatically give the count to the leader. 
This involved attaching electrodes to the 
reader’s temples and wiring the elec- 
trodes to an electroencephalograph, 
which records and amplifies electrical 
currents m the head. The psychologists 
found that the scheme did not work; an 
unexpected electrical signal from the 
brain interfered with the eye-movement 
iccoids. 

The brain waves they detected in this 
accidental manner turned out to be an 
important diseoveiy. They were not the 
well-known and much -studied alpha 
waves of the brain, for they behaved dif- 
ferently. Alpha waves become stionger 
when the eyes are closed; the new waves 
did not. The mvestigatois called them 
kappa waves and began to study them 
moie closely. They found that kappa 
waves come from anterior parts of the 
brain, the site of many of the higher 
mental processes. When a person is not 
thinking of anything m particular, the 
kappa rhythm dies down. But a task call- 
ing foi bramwork, such as multiplying 
two numbers or reciting the names of the 
states, makes the waves register much 
more strongly. 

One subject was directed to trace his 
way through a maze drawn on a piece of 
paper. While his mind was working hard 
on the puzzle, his kappa rhythm was 
strong. After he solved it, at the 25th 
trial, the kappa rhythm dropped to a 
minimum. After a 10-minute intermis- 


sion, the test was lepeated. This time the 
waves hit a low aftei only six trials, indi- 
cating that less mental effort was needed. 
The mvestigatois concluded that “the 
kappa lhythm may turn out to be a use- 
ful moasuie of mental work, particularly 
where the natui e of the task is such as to 
lequue recall of imperfectly learned ma- 
ternal.” 

Hoiv Old Are You? 

A MAN is as old as his aitenes, so 
goes the sawbone’s old saw. Actual- 
ly hardening of the aitenes is too special 
a condition to be useful as a measuie of 
the human machine’s state of wcai 01 
physical age What seems to be a much 
better index has just been discovered by 
John H. La wi once of the University of 
California He finds that a man is as old 
as Ins ability to expel nitrogen gas from 
the blood. Like many othei lecent ad- 
vances m biology, this fact was discov- 
eied by means of radioactive tracers. 

The average adult at sea level has 
about 1,000 cubic centimeters of gaseous 
nitrogen dissolved in Ins body fluids. The 
total stays constant, but theie is a steady 
turnover of nitiogen molecules, the body 
fluids constantly eliminate the molecules 
they have and take m new ones during 
breathing. Lawience had a group of sub- 
jects of all ages inhale small amounts of 
radioactive nitrogen as tracci material. 
Then he delei named how fast they elim- 
inated nitiogen by collecting the elim- 
inated gases and counting the tagged 
atoms with a Geiger counter. He found 
that the oldei a person is, the slower liis 
nitrogen turnovei . it took youngsters of 
15 only a few minutes to eliminate half 
the gas, while peisons 65 oi older took 
as long as five hours. That the rate of 
elimination is a measure of physical fit- 
ness was shown by the fact that patients 
in poor physical condition had abnor- 
mally slow turnover xates. 

Hereditary Schizophrenia? 

A STRANGE story which indicates 
the important role of heredity in 
mental disease has been reported m The 
Journal of Heredity by E. J. Gardner and 
F. E. Stephens of the Laboratory of Hu- 
man Genetics at the University of Utah. 

One day a 22-year-old faimei working 
on his father’s land refused to eat his 
lunch. He shouted that the food was 
poisoned and his mother was plotting to 
kill him. He ran off through the fields. 
When he was found at the end of the 
day,, green stains around his mouth 
showed he had been eating grass. During 
the next two months he became worse, 
and was finally committed to a hospital 
with a diagnosis of schizophrenia. 

Not long afterward, tlie institution ad- 
mitted another patient suffering from the 
same mental disordei . The patient was 
the grass-eater’s identical, twin. For five 
years the twin had been working on his 


aunt’s farm m anothei state In the same 
month in which his bi other broke down, 
the twin also ran away from home, 
sci earning that Ins aunt wanted to poison 
him. 

Birth of the Solar System 

T O the numeions recent hypotheses 
on how the solai system originated, a 
new one has been added by the astiono- 
mei Geiaid P. Kinpei of the University 
oi Chicago. PIis theory. Three billion 
years ago the sun condensed from a vast 
rotating cloud ol mteistellai dust. The 
remaindei of the cloud spun faster and 
fastci around the sun, giadually shrink- 
ing and flattening out into a relatively 
dense ling of solid particles. Then the 
ring broke into a number of eddies which 
continued shrinking until the particles 
composing them fused together into 
planets. 

Kuiper’s hypothesis is an attempt to 
find a plausible synthesis of the recent 
findings and speculations m this contro- 
versial field. It assumes, as Immanuel 
Kant did, that the sohu system was once 
a lotatmg cloud. But Kuiper rejects 
Kant’s notion that the planets evolved 
from hot gases. Pie suggests instead that 
they repiesent the accumulation and fu- 
sion of “cold” particles. PIis idea that the 
planets formed from eddies in a gaseous 
ling is like that of the German physicist 
Carl von Weizsackci, now a visiting pro- 
fessor at the University of Chicago, but 
whereas von Werzsaeker believes that 
they formed as “lollei bear mgs” between 
great vortices in the dust cloud, Kuipei 
attributes them to gravitational forces. 

Kuiper also seeks to account for the 
chemical composition of the planets by 
considering the properties of the original 
ring that girdled the sun. The innci part 
of the ring, being close to the sun, was 
fairly hot. Since only dense materials, 
such as rock-foiming silicates and metals, 
can condense at high tempeiatures, Mer- 
cury, Venus and the Earth, the planets 
nearest the sun, are composed largely of 
those substances. The moic distant plan- 
ets— Jupiter, Saturn, Uranus, Neptune- 
evolved from cooler portions of the ring 
and contain large proportions of gases, 
watei or ice, hydrocarbons and other 
lightweight compounds that condense at 
relatively low temperatures. 

According to Kuiper, all this happened 
within a few thousand years. In the 
eddies from which each planet was cre- 
ated some material was left over. Around 
each planet this material formed disk- 
shaped rings, smaller versions of the 
great ring that originally circled the sun. 
And from these rings came the planets’ 
satellites, with two exceptions: 1) the 
Moon, which did not condense from a 
ring but was probably formed “ready 
made” as a double planet with the Earth, 
and 2) the rings of Saturn, which, due 
to special conditions that prevented the 
formation of eddies in them, lemain as a 
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reminder of the process that toimed the 
planets and their satellites. 

Comet Caught 

HERE do meteors come fiom? 
There is considerable evidence that 
many of them, at least, come from 
comets. As a comet sweeps toward the 
sun, metallic fragments may blow away 
from its nucleus to form great meteor 
showers. Dm mg one such shower m 
October, 1946, H. E. Landsbeig, a geo- 
physicist of Washington, D C., coated a 
sheet of glass with glycerin and on it 
captuied six wedge-shaped non parti- 
cles that had drifted down from the sky. 
These particles are now believed to be 
the first samples of comet material ever 
recovered. Fred L. Whipple of the Har- 
vard College Observatory has com- 
pleted mathematical studies which show 
that particles of roughly the same shape 
and cross section (.000016 to .000072 
inch) could have passed through the 
earth's atmosphere without burning 
away. 

Whipple suggests a systematic search 
for moie such “micrometeorites” in ocean 
sediments, polar snows and geological 
strata. He believes that a comet is created 
when the sun passes through an inter- 
stellar dust cloud and pulls some of the 
material away with it. If this is correct, 
micrometeorites from meteor showers 
may be actual samples of the particles 
that float in interstellar space. 

Missing Particle 

M OST of the elementary particles in 
the atom seem to come in pans. 
The negatively-charged electron has a 
“mate” in the positron, a positively- 
charged particle of equal mass. The light 
and heavy mesons also come in positive 
and negative forms. But one very impor- 
tant charged particle so far lias stood 
alone, a disturbing exception to the rule 
of symmetry. This is the proton, the 
positively-charged nuclear particle. Does 
a negatron exist, somehow defying 
detection? Although it seems plausible, 
physicists have hitherto not been able 
even to suggest how it might be found. 

At a recent meeting of the National 
Academy of Sciences, however, three 
physicists came up with an idea. Robert 
Marshak, J. Ashkin and T Auerbach of 
the University of Rochester reasoned 
that a high-speed negatron would collide 
with a proton, produce two charged 
mesons and be annihilated in the process. 
If this event could be caught on a special 
photographic plate, it would produce 
a Y-shaped figure. The stem would be 
the path of the incoming negatron; the 
two arms would be the mesons flying off 
to form an angle of more than 90 de- 
grees. Since only powerful cosmic rays 
at high altitudes could produce such an 
atomic explosion, the physicists suggest 
that negatrons might be observed by 


sending balloons moie than 18 miles into 
the stratosphere. This expeiiment should 
help decide “whether natuie is indeed as 
symmetric as present-day theory leads 
one to believe.” 

Currents in the Eat'th 

H arold g. urey, who won the 

1934 Nobel pnze for chemistiy and 
since the end of World Wai II has turned 
geologist, has come out with a new theo- 
ry about the evolution of the earth's 
crust. He joins an increasing number of 
geologists m challenging the idea that 
the earth was once a ball of molten mat- 
ter and has been cooling off ever since. 
On tlie contrary, he believes that the 
earth began cool and is getting hotter. 

Urey suggests that in the beginning 
the crust was a “cold” mixture of non 
and rock, and stayed that way for about 
a billion years. Gradually radioactive 
uranium, thorium and potassium m the 
crust gave off enough heat to melt the 
iron. The metal flowed into the interior 
to form the earth's core, while lighter 
material “floated” to the surface, forming 
the piesent crust. 

The lising of cold rock and the sinking 
of molten iron produced “convection” 
currents extending vertically from near 
the surface to the depths of the earth’s 
outer mantle This circulation caused the 
crust to wrinkle into great mountain 
ranges, i^ccording to Urey, these cur- 
i ents are still causing land masses to shift 
and slowing the earth's spin on its axis. 
As a result, the days aie getting longer 
by about one second in eveiy 200,000 
years. 

Translating Machines? 

I F machines can be built to count, cal- 
culate, play chess, even “think,” why 
not a machine to translate one language 
into anothei? Scientists have been pon- 
dering this possibility. 

Two ideas for electronic translating 
machines have recently been suggested, 
one by W arren Weaver of the Rockefel- 
ler Foundation, the other by A. D. Booth 
of Birkbeck College m London and R. Ii 
Richens of the Commonwealth Bureau 
of Plant Breeding and Genetics at Cam- 
bridge. 

Weaver's idea is based on the discov- 
er y by cryptographers during the war 
that certain frequencies of lettei combi- 
nations, average intervals between letters 
and other alphabetical patterns “aie to 
some significant degree independent of 
the language used.” The techniques used 
to decipher messages in English also 
worked with surprising success on mes- 
sages in other languages even when the 
cryptographer did not know the lan- 
guage of the message. Thus Weaver re- 
ports the case of an expert who decoded 
a column of five-digit numbers and ob- 
tained a series of 100 words which ap- 
parently made no sense. Linguists found, 


hovvevei, that he had leconsliucted the 
message almost perfectly— the only rea- 
son he had failed to undei stand it was 
that the words weie not English but 
Tuikish! 

Weaver therefore suggests that a 
tianslatmg machine might be designed 
along the lines of wartime deciphering 
devices. It would treat a foreign lan- 
guage as if it were a special code foi 
English, and would ti ansi ate the lan- 
guage by deciphering it m English teims. 

The Bntish woikeis— Booth is a de- 
signer of calculating machines, Richens 
a linguist— are planning a translatoi 
based on the stoiage or “memory” appa- 
ratus m a mathematical machine. The 
instrument’s memoiy unit would stoie 
foieign woids and their English equiv- 
alents. Aftei “reading” the material to be 
translated by means of a photoelectnc 
scanning device, the machine would look 
up the words in its built-in dictionary, 
and pass the translations on to electric 
typewriters. If the machine came across 
a strange word not stored m its diction- 
ary, it would chop up the word until it 
found lecognizable segments or syllables 
and give the meaning of those; from 
these fragments the meaning of the 
whole word might be deduced. 

While translating machines might not 
be able to do justice to the linguistic 
niceties of literal y or diplomatic English, 
Richens is convinced they could trans- 
late scientific articles. “The resultant 
translation would be highly artificial and 
would be what I would call standardized 
pidgin English. This, though no doubt 
highly lepugnani to those whose main 
interest ... is esthetic, will constitute no 
obstacle to those whose chief pui pose m 
using such a machine is to find out what 
the original is about.” 

Refined Pi 

I N the middle of the 19lh ccntuiy a 
dogged English mathematician named 
W. Shanks computed the value of pi, 
the ratio of the circumference of a circle 
to its diameter, to 707 decimal places. 
The job took him moie than 15 years. 
Later mathematicians were content to 
let Shanks hold the lecord. Recently, 
however, some mathematical machine 
operators yielded to an irresistible temp- 
tation and presented the problem to 
Emac, the all- electronic calculator at the 
Army's Ballistic Reseat eh Laboratories 
m Abeideen, Md. The machine's 18,800 
tubes went into action and computed pi 
to 2,040 places. Time: less than 24 houis. 

Permanently Greaseproof 

T EXTILE chemists have been work- 
ing for some time on the problem of 
making fabrics Greaseproof. During the 
war they developed a method of treat- 
ment with plasticslike resins that made 
rayon as wrinkleproof as wool. But the 
treatment is not permanent; the sub- 




stances die simply deposited on the sm- 
laee oi the iayon fibers, and wash off 
aftei icpeuted Iaundei mgs. 

A new piocess lias now been woikocl 
out which is leally peimanent. Devel- 
oped by D D. Gaghaidi and I. ]. Gumt- 
fesl of the Rohm & Haas Company in 
Philadelphia, it changes the basic chemi- 
cal stiuctuie of layon by building ceitam 
foimaldeliyde-contammg compounds in- 
to its molecules The piocess inci eases 
the elasticity of the fiheis so that they 
spring back into place altei being twisted 
01 bent. It does not affect the appeal ance 
01 stiength oi the labile Gaghaidi and 
Giuntfest hope to pci feet a similar pioc- 
ess foi making cotton wiinklepioot. 

By comparable chemical alterations 
Hugh C. Gullcdgo and George R Seidel 
of E. I. du Pont do Nomouis & Com- 
pany have been able to make cotton 
and layon fire-iesistant. Their piocess 
mtioduces antimony and titanium atoms 
into the fibei molecules. Ralph G. IT. 
Siu of the Army Quartermaslci Laboia- 
toiics m Philadelphia has also repotted a 
method of chemical lcconstiuction that 
piotects tenting material and other can- 
vas fabrics against mildew. 

Hypersonic W ind Tunnel 

T HE fastest air flow evei reached m 
a wind tunnel was lepoited last 
month at the California institute o( "Tech- 
nology. The flow in a new tunnel just 
eonsti noted theie attained a speed of 
moie than 7,600 miles an hour*- JO times 
the sea-level velocity of sound. The pie- 
vious recoid, 5,300 miles an hour, was 
set about six months ago in a supersonic 
tunnel at Langley Field, Va. 

The “hypei sonic” wind tunnel at Cal- 
tech is a joint pioject of the Institute and 
the Army Ordnance Department. The 
apparatus is housed in a special building, 
but the test section itself is only 25 square 
inches m cross section and lour feet long. 
Air at high piessmes enters through a 
papei-thin slit, drops to a temperatuie of 
about 430 degiees below zero Fahren- 
heit, and expands suddenly to pick up 
tremendous speeds on its brief trip 
through the chamber. It flows past a 
locket model the size of a cigarette lor 
testing of the locket’s aerodynamic prop- 
erties. 

The tunnel is to be used in the devel- 
opment of impi oved rockets and guided 
missiles. According to published state- 
ments, the top speed attained by a rocket 
so fai is 5,200 miles an hour, achieved 
by a Wac Corporal missile released from 
the nose of a German V-2 last February. 
But higher speeds are in the offing, if 
they have not already been attained. 
Theie is a shortage of laboratories to test 
new models. Of the nations estimated 
125 wind tunnels, only about 30 are su- 
personic. Before Congress adjourned, it 
voted more than $252 million for new 
tunnels. Most of them will be in the 
faster-than-sound class. 
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The demand for liquid and gaseous fuels must sooner or later 
outstrip our resources of petroleum and natural gas. What of 
the processes that get these fuels from such solids as coal ? 


T HE British novelist and critic E. M. 
Forster has recently been deploring 
the “implacable offensive of Sci- 
ence.” He believes that “we cannot reach 
social and political stability for the rea- 
son that we continue to make scientific 
discoveries and to apply them, and thus 
to destroy the arrangements which were 
based on more elementary discoveries.” 
He concludes that our chances for hap- 
piness in the future would be improved 
if we lapsed into a period of "apathy, 
uninventiveness, and inertia.” 

Forster is not alone in this view, of 
course. But those of us who are directly 
concerned with the “implacable offensive 
of Science” aie under no such illusion. 
We are all too aware of the disaster 
awaiting civilization if a moratorium 
were to be called upon the advance of 
science. Indeed, we are by no means sure 
that science and technology can move 
forward rapidly enough to prevent the 
disaster* 

The human race has multiplied and 
reached its present thriving condition at 
the expense of a fantastically high rate 
of consumption of irreplaceable natural 
resources such as minerals and fuels, and 
of depletion of renewable resources such 
as fertile lands and fresh waters. The 
only difference of opinion as to the 
threatened consequences is concerned 
with the timetable. In the case of fossil 
fuels, the optimists believe that the U. S. 
has enough coal, petroleum, natural gas 
and oil-shale to last about four centu- 
ries, The pessimists put the period of 
abundance at one century, and even this 
is based on the proviso that we are able 
to extract these fuels as fast as needed 
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up to the end. Of course we know that 
as leserves aie depleted a high late of 
production cannot be maintained. While 
production goes down, demand will go 
up, which will mean a long period of in- 
creasing scarcity— unless science finds 
new sources of energy. 

To appreciate the importance of the 
fuel problem one must try to imagine a 
world in which the manufacture of steel, 
clothing, drugs, books, food products, 
every tiling, gradually closes down; in 
which we can no longer heat our homes, 
or, in ‘fact, build any homes except of 
logs or mud; in which we are reduced to 
the tools and weapons of the prehistoric 
cave man; m which there is no trans- 
portation except by domesticated ani- 
mals, no communication network, and a 
food supply sufficient to take care of only 
a small fraction of the people who now 
inhabit the earth. This denouement is 
possible only if we stop using our tech- 
nical wits, but it is inevitable unless we 
apply knowledge which we do not now 
possess. If the offensive of science re- 
mains implacable, there is every reason 
to expect that it will develop new sources 
of energy sufficient to supply even the 
augmented future needs of mankind. 

The problems that must be solved dur- 
ing the next few decades extend into all 
branches of science. Some of the more 
distant problems are concerned with the 
conversion of solar energy into useful 
heat and power, with the storage of en- 
ergy, with the maintenance of fertility 
and with the distribution of fresh water. 
One of the more immediate problems is 
concerned with the conversion of solid 
fuels to liquids and gases, and it is this 


small phase of the over-all problem that 
we shall examine heie. 

Future of Petroleum 

The synthesis ol liquid and gaseous 
fuels is important because ( 1 ) the 
world, particularly the U. S,, is commit- 
ting itself irrevocably to a liquid and 
gaseous fuel economy, and (2) produc- 
tion of petroleum and natural gas is sure, 
sooner or later, to decline. We expect to 
need more and more but we shall finally 
obtain less and less. The consensus of 
experts in the petroleum industry, as 
summarized by a Congressional commit- 
tee in 1947, is "that petroleum production 
m the U. S. will reach its peak between 
1955 and 1960, and that by 1967 pro- 
duction will be no more than a billion 
barrels a year— about half of our present 
rate of consumption. 

Petroleum geologists find that while 
total additions to proved reserves con- 
tinue to come along in gratifying volume 
each year, these additions are made up 
to an increasing degree of extensions and 
re-estimates of old fields. The number of 
new fields found each year lemams about 
the same, but the fields are smaller. We 
find more million-barrel fields, fewer 10- 
million-barrel fields and almost no 100- 
million-barrel fields. The indications are 
that we may already be on the descend- 
ing part of the curve of discovery. It is 
conceivable that unexpected discoveries 
of very large new oil fields may occur. 
But to be realistic let us consider the 
largest oil field ever found in this coun- 
try— East Texas. The cumulative produc- 
tion of this field over the 18 years of its 
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hie so lav luis been 2.5 billion bunds. 
Tins is only a little more than a single 
year's consumption m the U. S. at pres- 
ent, and less than the expected consump- 
tion in the year 1955. Another “East 
Texas 5 ' could postpone our peak of pro- 
duction only a few months. 

The peak of production may be post- 
poned by various other factors. A long- 
extended economic depression might re- 
duce our de ill and lor petroleum. Politi- 
cal pressure may be In ought to bear to 
increase the ratio ol production to proved 
reserves, thus putting the peak a little 
farther away. (We would pay for this 
reprieve by a swifter descent of produc- 
tion later, and by a somewhat lower total 
recovery of oil from the fields.) We may 
supplement domestic production by im- 
porting oil from foreign fields. This 
would be logical and effective, for the 
peak of world production should come 
several, perhaps many, decades after the 
peak of U. S. production. Yet allowing 
for all possible postponements, the day 
of petroleum shortages cannot be very 
far away. 

Predictions for natural gas aie some- 
what more difficult and uncertain. Some 
gas is produced in association with petro- 


leum; some is not. Geologists believe 
that an increasing proportion ot our gas 
discoveries will be tied to petroleum dis- 
coveries, and this would seem to indi- 
cate that the two fuels are in pietty much 
the same category. The probability is 
that the peak ol gas production will be 
later than that of petroleum (because we 
are not using gas at as high a proportion 
ot its reserve), but that the descent of 
the gas production curve will be even 
more rapid. 

The factor of greatest importance in 
speeding the day of shortage of liquid 
and gaseous fuels is, of course, the way 
in which we are becoming increasingly 
insistent upon devices that require such 
fuels. We must have our motor cars, our 
airplanes, our agricultural machinery, 
our Diesel-electric locomotives, our oil- 
burning and gas-burning domestic fur- 
naces. We aie rapidly giving up coal as 
a fuel for many purposes: the manufac- 
ture of coal-steam locomotives has come 
to a virtual halt and many old locomo- 
tives are being junked; almost no coal- 
burning ships are being built; relatively 
few coal-burning furnaces are being in- 
stalled m new homes; even stationary 
power plants, because of a temporary 


economic atti activencss of liquid fuel, 
are converting to oil. 

So one of our major pioblems is to con- 
vert our vanous kinds of solid fuel to 
liquid and gas. On strictly economic 
grounds the necessity lor doing this is not 
immediately apparent, because for some 
time to come it will be moie profitable 
to import oil from foreign fields than to 
convert domestic solids. But there is a 
natural reluctance to be dependent for 
the lifeblood of our industries and our 
military establishment upon the friend- 
liness of other nations. And in any case, 
as the other nations of the world rise to 
a higher state of industrialization, inter- 
national competition for oil will grow 
keener and the price will rise. All this 
should stimulate technological research 
to lower the cost of synthesis ot liquid 
fuel and make it competitive. 

The Two Sources 

The most abundant of the solid fuels 
may be divided roughly into two classes: 
the oil-sliales, which aie largely inor- 
ganic, and the coals, which are largely 
organic. The oil-shales are rocks that 
contain some carbonaceous material fair- 



.. CLIFFS OF OIL-SHALE tower above the Bureau The mine area is barely visible at upper left. A resi- 

Mines Oil Shale Demonstration Plant near Rifle* Col. dential area is at lower left. The plant is at right. 
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SUPPLY AND DEMAND of liquid fuels is predicted, largely on the basis 
of the testimony of experts before a Congressional committee in 1947. Gap 
might be filled by importing petroleum or converting solid fuels to liquids. 



CENTS PER GALLON 

WYOMING CRUDE PETROLEUM 

12.2 

NATURAL GAS BY FISCHER-TROPSCH 

15.0 

OIL-SHALE 

22.5 

INDIANA BITUMINOUS COAL BY FISCHER-TROPSCH 

22.5 

MONTANA SUBBITUMINOUS COAL BY FISCHER-TROPSCH 

27.6 


RELATIVE COST of gasoline synthesized from various raw materials has 
been estimated by experts of Stanolind Oil and Gas Company. Cost of con- 
verting coal will probably be reduced more than that of converting oil-sbale. 



HYDROGENATION OF COAL is conducted in a demonstration plant built 
by the Bureau of Mines near the town of Louisiana, Mo. The pipes and ves- 
sels shown in this picture make up the distillation area of the plant. 


lv uch in hydrogen, and they theiefoie 
yield some gas, liquid and coke when 
heated. The coke cannot be recovered, 
because it is associated with the pie* 
dominant lock, but it can be burned to 
provide the heat foi “letoitmg” processes 
that lecover oil and gas from the lock 
The earth has an abundance of shale 
capable of yielding 30 or moie gallons of 
oil pei ton 

The coals aie carbonaceous bodies of 
varying hydrogen content and with van- 
able hut minor amounts oi moiganic 
matenal. The coals, like oil-shales, yield 
gas, liquid and coke when heated, but 
m this case the coke is a major le cover- 
able pioduet, there is much moie coke 
than is needed as tuel to supply heat for 
the eonveision Anthracite, which con- 
tains veiy little hydiogen, yields little 
gas or liquid. The bituminous coal now 
used f 01 coke-making yields on the aver- 
age about 10 gallons ol liquid pei ton. 
This liquid yield can be raised to 30 gal- 
lons pei ton by retorting at a lower tem- 
peiatuie, but the coke made in this way, 
while an eminently satisfactory fuel, is 
not suitable foi blast-furnace use. Some 
laie coals, containing more hydrogen, 
will give up to 100 gallons ol oil pei ton, 
and so will some raie oil-shales. 

The liquid and gaseous tuel industries 
actually stalled not with the discovery 
of peti oleum and natural gas but with 
the conversion of coal and oil- shale. The 
coking of coal is a very old art. Coke was 
used lor house-heating as early as the 
yeai 1587, when Mary Queen of Scots 
was beheaded by Queen Elizabeth. The 
first patent on a process foi coking coal 
(British Patent 15) was issued m the 
year 1620, when the Pilgrims made their 
histone voyage on the Mayflower Coke 
was fust used for blast-furnace opera- 
tion, replacing chat coal, in 1709. The 
gas, tar and chemicals boiled off m coke- 
makmg were at first disregarded, but m 
the year 1760, when James Wall was 
beginning his experiments with the 
steam engine, an attempt was made to 
commercialize the lecovery and use of 
the gas and tar. By 1792 tai was m 
profitable commercial production. By 
1812, the yeai of Napoleon's letieat 
from Moscow, moie than 120 miles ol 
coal-gas pipeline had been laid m Lon- 
don. 

Meanwhile it had been found that 
liquid fuel could lie recovered Irom oil- 
shale. In 1815 (Waterloo) commercial 
oil-slrale retorting was slaitcd in New 
Burns wick, Canada, and between 1850 
and 1860 moie than 50 commercial 
plants were in operation on the eastern 
seaboard of the U, S to distill oil from 
shale imported from Canada and fiom 
cannel coal imported from Scotland. 
These plants formed the nuclei of the 
petroleum lefineries that were to come 
along later Cannel coal (so called be- 
cause it was found to burn like a candle) 
is a solid fuel intermediate between oil- 
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shale and coal Discovered m Scotland 
in limited (quantities betoic 1850, it came 
into great demand as a somee ol kero- 
sene or “coal oil.” The Scottish supply ol 
cannel coal was soon exhausted, and 
Scottish plants turned to oil-shalc, which 
was m gi cater supply. The oil-shale le- 
toitmg mdustiy has continued on a mod- 
est scale m Scotland ever since 

The mining of oil-shale m Scotland 
has always been a laborious and expen- 
sive opeiation. Much of the shale is 300 
leet below the surlace, and Scottish min- 
ing has novel become highly mechanized. 
The letoiting ol the shale has improved 
only slowly— at fiist because the opeia- 
tion was piofitable with ciude technolo- 
gy, and latei because the industry was 
subsidized by the British Government as 
a gesture towaid nationalistic self-suffi- 
ciency. Ordinarily there is little incentive 
for lesearch and development in a sub- 
sidized industiy where profits aic nom- 
inal and fixed by governmental fiat. In 
the early days, however, James Young 
became sufficiently wealthy from shale 
oil manufacture to finance the last A1 11 - 
can expedition ol the Scottish nussionaiy 
and explorer David Livingstone. 

In tin's countiy, the oil-shale industry 
was abandoned as soon as ample supplies 
ol petroleum and natural gas weie found. 
The recovery of liquid and gaseous fuels 
horn coal, however, was continued, be- 
cause ol local maikets for gas, coke and 
chemicals. The fiist reasonably complete 
lecovciy coke-ovens in this country weie 
installed at Syiacuse, N. Y., by the Sol- 
vay Process Company m 1893. Their 
piimary objective was not the coke, nor 
the liquid and gaseous luels, 1101 the 
aromatic chemicals, but the ammonia 1 
However, the other materials were ap- 
preciated— pailiculaily the gas, then 
highly prized foi lamps, 

4 CaM of Characters 

In 1900 John D. Rocketcllei, then 61 
years old, was putting the finishing 
touches to his petroleum empire. His 
ouginal Standaid Oil “trust” had been 
dissolved just a year heioie. His empire 
was a tiny tiling by modem standauls. 
All the oil that had been produced in the 
U. S. up to that time would not have 
sufficed to operate our present economy 
lor six months. The principal use of 
liquid fuel was still for kerosene lamps. 

A stiange assortment of contempo- 
lanes of Rockefeller, however, was des- 
tined to be instrumental in making him 
one of the wealthiest men of all time, 
and in bringing about a more radical 
change in our way of life than had any 
other set of people in the history of the 
human race. Rockefeller might have 
been mildly interested m some of these 
men, but he could not have realized at 
that time the vital character of the new 
technical ideas that weie then already 
under development, and the magnitude 


ol the Ibices ol consumption that were 
about to be unleashed. 

One of the men he would have been 
least likely to understand was Josiah 
Willaid Gibbs, professor of mathemati- 
cal physics at Yale University, who by 
1 ounding the science of physical chemis- 
tiy laid the basis for modern chemical 
engineering and the processes that were 
to levolutionize fuel chemistiy. Another 
was the German chemist Wilhelm Ost- 
wakl, who, building on caihei investiga- 
tions by fons J. Berzelius of Sweden, 
Michael Faraday of England and Lud- 
wig F. Wilhelmy oi Goimany, was the 
first to suggest the gieat impoitanee of 
chemical catalysts. Then thme was the 
brilliant French chemist Paul Sabatier, 
who dunng a classical senes oi experi- 
ments with contact catalysts had pio- 
duced a catalytic leaetion between cai- 
bon monoxide and liydiogen to make 
methane, thereby establishing the start- 
ing point lor the most important of pies- 
ent projects for the manufacture of syn- 
thetic fuel. lie was to discover many 
othei hydrogenation reactions that weie 
latei to be applied to the solution of the 
luel problem. There was Tliaddeus S. C. 
Lowe, an Amen can engined who, seek- 
ing a process to make water-gas to in- 
hale balloons, had succeeded in building 
the fiist practical plant in this countiy 
lor the production oi caibureted water- 
gas hom coke, Theie was Carl von 
Linde, a German engineer who had built 
the fiist practical plant foi the liquefac- 
tion of an* and the preparation of oxygen, 
winch was to become a commercial 
means lor the conversion of the batch- 
wise water-gas process to a continuous 
process. There was Charles E Robinson, 
metallurgist, who, attempting to improve 
the roasting of 01 es, had taken out a pat- 
ent on the idea of bunging gases into 
contact with finely divided solids— an 
idea that was to become of gieat im- 
portance m luel catalysis. There was the 
young Russian chemist Vladimir N. 
Ipatieff, who had started his pioneering 
work on catalytic reactions under high 
pressures and at high temperatures, 
which was to create the basis for the 
piocesses of destructive hydrogenation 
of oil and coal. 

In another pait of the forest was a 
group of contemporaries and near-con- 
temporaries whose work was destined to 
cieate huge markets for liquid fuel: 
Nikolaus A, Otto, the German engineer 
who had developed what has since been 
called the “Otto cycle,” upon which all 
conventional gasoline engines are based; 
Rudolf Diesel, who had just invented the 
oil-buming engine that bears Ins name; 
the German engineei Wilhelm Maybach, 
who had applied Otto's engine to a vehi- 
cle and had added the spiay-nozzle car- 
buretor, the honeycomb radiator and the 
variable speed gear to make perhaps the 
first “horseless carriage”, Samuel P. 
Langley and the Wright hi others, who 


succeeded m flying the first power -driven 
airplanes, Nikola Tesla, who had just in- 
vented the altemating-curient electric 
motor, Thomas A. Edison, who had de- 
veloped a piactical incandescent electric 
lamp, Chailcs H. Cramp, who was de- 
veloping the conversion of ships from 
sail to steam. None oi these men, least of 
all John D. Rockefeller, could have ap- 
preciated the consequences of their acts. 
In 1900 no one could have foreseen the 
40 million automotive vehicles on the 
road today, or the half-million barrels a 
day of fuel consumed by the airplanes 
oi World Whir II, to say nothing ol the 
oven greater consumption of our planned 
Meets ol jet planes. 

The beginnings of the technical 
knowledge that was to cieate the liquid- 
fuel era weie all present, but they were 
only beginnings. Extiaordimuy progress 
in lcscaich 111 many different fields was 
to be made during the next 50 yeais. The 
pc ti oleum industry was to giow into an 
indispensable giant seivmg us m count- 
less ways through machines of superla- 
tive ingenuity. And the piocesses of 
liquid-fuel synthesis were to he devel- 
oped toward the stage where they could 
piolong the liquid-1 ucl era lar beyond 
the relatively puny life ol petroleum it- 
self. These piocesses arc approaching 
the stage ol economic practicality, and 
they could be invoked even now in an 
economic or national emergency. 

Convening Oil-Shale 

What are the problems that lie before 
us m converting our resources of solid 
fuel into liquid fuel? Let us consider oil- 
shale first. There is an abundance of oil- 
shale in Colorado, and ample additional 
supplies m Utah and Wyoming. With 
the knowledge of this abundance ancl of 
the need to make large-scale use of shale 
oil at some luture date, considerable 
woik has been clone on various phases 
of the problem. The major progress so 
far has been m mining, in which the Bin 
rea ol Mines has done a magnificent job. 
The problem m Colorado is much sim- 
pler than in Scotland or in other oil-sliale 
locations because oi the great thickness 
and accessibility of the beds. We now 
have tremendous machines that facili- 
tate mining, for example, there are 
power scoops used in the sti ip-mining of 
coal that take 45 cubic yards in one 
scoop, whereas the hugest power scoop 
used lor the construction of the Panama 
Canal had a capacity of only eight cubic 
yards. Until recently, one man in a 
mechanized mine could produce about 
six tons of coal per day; now under cer- 
tain favorable conditions one man can 
mine up to 100 tons per day. The Bureau 
of Mines furthermore has developed a 
unique mining system specifically ap- 
plicable to the oil-shale beds. 

Several new processes are under devel- 
opment foi the retorting of shale. They 



involve the gimding of the shale and 
the continuous passage of the ground 
material through a chamber with a coun- 
tercurrent passage of air or hot gas. The 
improvements ovei earlier processes 
come primarily from the use of more 
modem chemical and mechanical engi- 
neering design, and this, in turn, comes 
laigely from the quantitative 1 elation- 
ships developed by the academic mathe- 
maticians. The refining of crude shale oil 
to obtain products of competitive quality 
presents no serious problems that are not 
encountered in the refining of the less de- 
sirable grades of crude petroleum. Ex- 
cept for its higher cost, shale oil is a per- 
fectly satisfactory substitute foi crude 
petroleum 

Chief among the general problems still 
to be solved in the commercial pioduc- 
tion of shale oil is the aridity of the le- 
gions m which oil-shale is found. While 
the production of crude shale oil re- 
quires only a tenth as much water as the 
coal conversion processes, the problem 
will still be formidable. In the Western 
states, where the bulk of our reserves of 
coal and oil-shale he, there is a grotesque 
contrast between the robust grandeur of 
the land masses and the pathetic trickle 
of the rivers. Another problem is the 
disposal of ash. We are accustomed to 
thinking of ash as a little bit of stuff that 
is left over In the case of shale we shall 
have, on the average, well over a ton of 
ash for every barrel of oil. And this ash 
is material without fertility. It has been 
estimated that we may ultimately obtain 
about 365 billion barrels of shale oil. 
This would leave enough ash to cover the 
entire state of Coloiado to a depth of 10 
feet. Much of it could be dumped in the 
huge canyons of the oil-shale regions, 
and it would seem that the first billion 
tons will not be impossible to manage, 
hut the disposal of 500 billion tons will 
require extraordinary ingenuity. 

When the oil-shale industry develops, 
it may well find ways to convert some of 
the wastes into useful chemical by- 
products containing nitrogen or oxygen 
or sulfur. The by-products from oil-shale 
distillation include new chemicals such 
as the substituted pyrroles. And large- 
scale production of shale oil could yield 
as a by-product more ammonia than is 
consumed in present world markets. We 
may be thankful some day for such a 
generous source of supply. 

Hydrogenation of Coal 

Now what about coal as a source of 
liquid fuel? In the long run we can ex- 
pect to obtain much more oil from coal 
than from shale. In tire case of shale the 
modern problem is to utilize the best 
possible engineering to get, at lower cost, 
about the same yield of fuel as in the 
19th century* In the case of coal the 
modem problem is to apply 20th-century 
chemistry to increase the yield of liquid 


fuel to seveial times its normal value. 
One way to accomplish this is by hydio- 
genation 

The term hydrogenation has come to 
be used for any leactions that are earned 
out in the presence of hydrogen. The 
original organic hydrogenations were 
those m which hydrogen was added to 
an unsaturated molecule to make a more 
saturated one; tills is the process used m 
making paraffins from olefins, oi vege- 
table slioitening from vegetable oil. 
In the latter case the hydiogenation 
changes a liquid to a solid. The hydro- 
genation of coal is an entirely diffeient 
thing. The physical result happens to be 
the change of a solid to a liquid. Chemi- 
cally there is a reduction in aveiage 
molecular weight (instead of a slight in- 
crease) and a reduction instead of in- 
crease in the degree of hydrogen satu- 
ration. An illustrative reaction is the 
addition of one mole of hydiogen to one 
mole of diphenyl to make two moles of 
benzene. Here we do not get the volume 
decrease characteristic of classical hy- 
drogenations, because the consumption 
of hydrogen has been accompanied by 
decomposition. Another diffeience is m 
tire effect of catalysts. The hydiogena- 
tion of coal is speeded up only moderate- 
ly by catalysts, whereas classical hydro- 
genations frequently do not occur at all 
without catalysts. 

In 1913 Friedrich Bergius, a German 
chemical engineer, discovered that cer- 
tain kinds of coal could be almost com- 
pletely liquefied by beating the coal to 
a high temperature under a high pressure 
of hydrogen. This work was an extension 
of the eailier work of Ipatieff. Bergius 
did not at first use a catalyst, and his 
reaction was batch-wise (noncontinu- 
ous) and slow. It is still batch-wise and 
slow. There is enormous room for im- 
provement in the catalysis of coal hy- 
drogenation. The intense world-wide 
search since 1913 for catalysts for this 
purpose has been characterized by a 
frantic desire for patent protection rather 
than by a scientific quest for truth. All 
the metallic elements of the periodic 
table (except two rare ones), and end- 
less combinations of them, have been 
patented as catalysts. These patents 
have now expired. The catalysts de- 
s cubed are nearly all worthless; the best 
of them merely double the rate of reac- 
tion. In sharp contrast, a typical catalytic 
reaction in petroleum chemistry— the use 
of sulfuric acid to speed up the reaction 
between butene and isobutane to make 
an aviation fuel— produces an accelera- 
tion of the process equivalent to a change 
in velocity from one foot per 5,000 years 
to 186,000 miles per second, the velocity 
of light. 

In the Bergius process for coal hydro- 
genation, powdered coal is mixed with 
tar from a previous run to make a thick 
mush. A little tin chloride or 'iron oxide 
is stirred in and the heterogeneous mess 


is foiced into a piessuie vessel with hy- 
diogen at seveial thousand pounds per 
square inch. Heie it is heated for an horn 
or so, and the lesultant stuff is sepaiated 
into (1) crude pi oducts, (2) material for 
recycle, and (3) wastes, such as ash. 
U. S engineers have added little of im- 
portance to the fundamental conceptions 
of the Geiman technologists. We have 
not yet succeeded m speeding up the 
xeaction to the point where the hydro- 
genation of coal can be made truly con- 
tinuous. 

The products of coal hydrogenation 
aie about the same as those horn the 
coking of coal, except that we get little 
or no coke. Some of the carbon of the 
coal appears m the liquid and gas, some 
is used up to supply hydiogen and heat 
foi the process. The latter 1 actor creates 
an important problem. There are only 
two sources of industrial hydrogen— hy- 
diocaibons and water. Each may be 
decomposed to make hydrogen. But hy- 
chocaibons are the things we want to 
make lathei than destroy. This leaves 
water as the only practical source, and to 
obtain hydrogen from water requiies the 
“burning up” of caibon. A diiect leac- 
tion between water and carbon forms 
hydrogen and carbon dioxide. The lattei 
is leadily removed. However, since cai- 
bon dioxide is an unwanted, though 
inevitable, product, the geneiation ol 
hydrogen through the aid of coal in- 
volves what amounts to the destruction 
of a portion of the coal. 

For this reason the Bergius piocess has 
so far not been senously taken up as a 
method for producing liquid fuels, al- 
though some chemical companies have 
considered the limited use of coal hydro- 
genation for the production of needed 
chemicals, with fuel as a secondary prod- 
uct. One such plant has already been 
announced. Such a plant could produce 
large amounts of phenol or naphthalene 
—chemicals now in shoit supply. 

A promising modification of the coal 
hydrogenation process is to convert only 
the easier poitions of the coal to liquid 
and gas, the rest of the coal going to 
coke. The idea may have possibilities, 
because the reactions are more rapid, le- 
quire less hydrogen and take place at 
lower pressuies. The process involves 
less over-all waste of fuel. The yield of 
liquid is lower than fiom complete hy- 
drogenation, but additional supplies of 
liquid can be obtained from the coke 
by another process. 

Fisclier-Tropsch 

This is the so-called Fischer-Tropsch 
process, an idea fundamentally different 
from that of Bergius, After Sabatier had 
shown that carbon monoxide could be 
hydrogenated over a nickel catalyst at 
, atmospheric pressure to make methane, 
other investigators began to try the 
higher-pressure technique developed by 
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HYDROGENATION PROCESS is outlined in a simpli- oral thousand pounds of pressure in tlic presence of a 
lied flow chart. Powdered coal is mixed with tar from a catalyst and hydrogen (converter ) , The principal draw- 
previous run (paste mixer) and then subjected to sev~ hack of the process above is that it is noL continuous. 



FISCHER-TROPSCH PROCESS begins with air and combustion is carbon dioxide, which can he reduced * 
any carbonaceous material that will burn. In this case with hydrogen to form carbon monoxide, which in turn 
the combustible material is coal. The product of its can he reduced with hydrogen to form hydrocarbons. 
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Ipatieff. They clisco\eied that under 
these conditions the hydiogenated piod- 
uct was not pi edominantly methane but 
a mixtuie of hydrocarbons of various 
molecular weights, some of them liquid 
Eventually ceitain investigates whose 
names aie lost to fame found that the 
use of higher pressures and suitable cata- 
l\sts yielded methanol as the predom- 
inant pioduct, while moie modemte 
pressures and other catalysts produced 
various other liquid and solid liydiocai- 
hons. Two German chemists, Hans 
Fischer and Franz Tropsch, publicized 
this woik m 1922 and foi this modest 
contribution achieved technical lmmoi- 
tahty. 

The raw product of the Fischer- 
Tropsch process is carbon monoxide and 
hydiogen. This mixture is known as syn- 
thesis gas It is possible to prepare these 
gases from any carbonaceous material 
that will burn. This includes wood, char- 
coal, oil-shale, coal, coke, natural gas and 
other hvdiocaibon gases. When these 
materials are burned with plenty of oxy- 
gen or air, we get carbon dioxide, which 
can be reduced with hydrogen to caibon 
monoxide, which in turn can be 1 educed 
with more hydrogen to hydrocarbons. 
Such a procedure is extravagant in its 
hydiogen requirement. As we have seen, 
it is desirable to use a sequence of reac- 
tions that will require a minimum of 
hvdrogen. This end can be attained in 
various ways. For example, incomplete 
combustion of carbon gives carbon 
monoxide instead of carbon dioxide, thus 
minimizing the need foi hydrogen to re- 
duce caibon dioxide Incomplete com- 
bustion of caibon in the piesence of 
steam gives both caibon monoxide and 
hydrogen. The two gases can be ob- 
tained also from the incomplete combus- 
tion of hydrocarbons or by the reaction 
between hydrocarbons and steam. The 
selection of the plan depends upon eco- 
nomics. 

Some of these reactions give more than 
enough hydrogen for the svnthesis while 
otlieis give too little or none. The ratio 
of hydrogen to carbon monoxide in the 
product can be increased by means of a 
simple catalytic reaction between caibon 
monoxide and water to give carbon diox- 
ide and hydrogen. This reaction is tech- 
nically useful but essentially wasteful 
because it diverts some of the carbon to 
carbon dioxide. 

lou will note that many of these re- 
actions involve oxygen. Most continu- 
ous processes require reasonably pure 
oxygen, because when air is used the 
synthesis gas product is diluted with 
nitrogen, which impedes satisfactory hy- 
drocarbon formation. There is a definite 
possibility, however, that a technique 
can be worked out which will yield nitro- 
gen-free synthesis gas even when air is 
used instead of oxygen. Some of the more 
optimistic cost estimates for the manu- 
facture of motor fuel from coal by the 


Fischei-Tiopsch piocess assume that air 
combustion can be made practicable. 

The Cost Problem 

The various reactions mentioned for 
the pieparation of synthesis gas aie not 
new. Synthesis gas is merely the water- 
gas of the 19th century, adjusted for 
ratio of components, and prepaied ac- 
cording to identical chemical principles 
Water-gas is now being manufactured 
foi use as a domestic fuel, as a source of 
hydiogen foi synthetic ammonia, and m 
the synthesis of methanol Foi these 
three pui poses, water-gas has been 
cheap enough, hut all the water-gas now 
manufactured m this country would not 
make more than 16,000 ban els a day of 
motor fuel— a tiny fraction of our motoi 
fuel consumption. If we are to use water- 
gas as a basis foi liquid motoi fuels, we 
shall have to learn how to make it much 
more cheaply than it has been made in 
the past. The trouble with the old watei- 
gas process is that it is not continuous 
and it woiks well only when coke is used 
as the solid fuel. The synthetic liquid- 
fuel industry cannot affoid to stait with 
expensive coke. 

The Fischer-Tropsch synthesis itself is 
fundamentally veiy simple. You have a 
catalyst chamber. You put in gas at one 
end and take out gas from the other end 
The gas going in is a mixtuie of one part 
carbon monoxide with about two parts 
hydiogen. The gas coming out contains 
hydrocarbons. The process can be regu- 
lated to give only gas or to give an opti- 
mum yield of liquid fuel. It may be made 
to give wax with up to 2,000 carbon 
atoms per molecule, or to give a variety 
of oxygen-containing chemicals Even 
under conditions believed to be optimum 
for gasoline, some ethyl alcohol is 
formed. So, in spite of the simplicity of 
the process idea, it is necessary to con- 
trol a laige numbei of process variables 
in oi dei to make the things that are i da- 
tively profitable and to avoid making the 
tilings we do not want. 

Beai in mind that the successful devel- 
opment of tins process would not only 
give us liquid fuels but would also give 
us cheaper domestic gas, synthetic am- 
monia and methanol, and a convenient 
method for making many useful chemi- 
cals, such as alcohols, acids, esters and 
various other organic compounds. 

The proportions of the various hydro- 
carbon products yielded by the Fischer- 
Tropsch piocess depend upon the cata- 
lyst used and upon a dozen conditions of 
operation. The catalyst preferred by the 
Germans was cobalt The catalyst pre- 
ferred in the U. S is iron, because iron 
permits the use of higher temperature 
ranges without bad effects and is less 
costly. At higher temperatures the re- 
action takes place more rapidly, which 
means that equipment for a given capac- 
ity is much smaller, which means that 


fixed charges on the manufacture come 
down to a mine reasonable point. The 
higher tempeiature means that fewer 
chemicals aie formed Even with the iron 
catalyst, however, the volume of chemi- 
cals may ultimately piove to be a stiam 
on market demand. The non catalyst also 
has made possible the production of rela- 
tively lngh-octane-numbei gasoline in- 
stead of the abnormally low-octane-num- 
ber gasoline obtained with cobalt. 

Coal v. Shale 

Real progress has been made in the 
Fischei-Tiopsch piocess during the past 
tew years. Technologists m this countiy 
have i educed the lequiiement of steel 
( i.e , plant) pei bairel of pioduct to one 
fifth of its pievious figuie. However, we 
must not lose sight of the fact that the 
Fischer-Tropsch process is a net con- 
sumer of eneigy, that is, the liquid fuel 
it produces yields less eneigy than is re- 
quned to pioduce it. We cannot think of 
the complete conveision of coal to liquid 
by any process as conservation of oiu iuel 
resources. It is, instead, a wasteful expe- 
dient that can be justified only by a com- 
pelling necessity to produce more liquid 
iuel than can be obtained hom other 
souices. This is in sharp eonliasl with the 
conveision of oil-shale, which is not usa- 
ble as a fuel until it is treated to recover 
its oil. Every ban el of oil recovered fiom 
shale would avoid the eventual destruc- 
tion of a quaitei of a ton of coal. Thus 
shale oil lecoveiy would constitute a 
most impoitant measure of conservation. 

The essence of the problem of future 
development of the Fischei-Tiopsch re- 
action is the finding of means to balance 
the power required by the process with 
the power produced, through the utiliza- 
tion of a minimum of plant and equip- 
ment pei ban el of product. By the time 
it is necessary to use the piocess on a 
large scale many economies will have 
been developed and the piocess will be 
applied in judicious combination with 
other piocesses. An example of such a 
combination would be the low-tempeia- 
tuie coking of coal, the use of the coke 
as industrial fuel to the extent that mar- 
kets could absorb it, and the Fischei- 
Tiopsch conversion of the remainder. 

This combination would seem to be 
a much more logical first step than the 
conveision of oil-shale. It seems most 
unlikely that we shall turn to the proc- 
essing of oil-shale to get from each ton 
30 gallons of ciude oil plus ash as long 
as 30 gallons of crude oil plus coke 
can be obtained fiom a ton of coal more 
cheaply. The former does not make eco- 
nomic sense. The conservational aspects 
of shale oil recovery will be just as valid 
toward the end of the fossil fuel era as 
towaid the beginning. 

As tor the choice between hydrogena- 
tion and Fischer-Tropsch, there is no 
doubt that coal hydrogenation can be 
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gieatly impioved by 1 esc arch, but so can 
the Fischer-Tropsch process. It now 
seems most piobable that hydrogenation 
will be applied in the lutiue not to coal 
but to obtain light luels liom heavy oils. 

Meanwhile the possibilities oL the 
veisatile and flexible Fischci-Tiopsch 
process aie being exploied in seveial di- 
lections A Fischer-Tropsch plant is now 
being elected m Texas to operate on 
natuial gas instead of coal or coke. The 
list of chemicals expected as by-products 
m this plant leads like a catalogue oi 
aliphatics. Under picsent technology it 
does not appear possible to 1 educe the 
by-product ethyl alcohol cieated by the 
piocess to much loss than lom per cent 
by volume of the synthetic gasoline. It is 
estimated that ll only six per cent of the 
country’s motor Inel were made by this 
process, the by-pioduct ethyl alcohol 
would about equal the present total con- 
sumption of alcohol m the U. S., and 
would glut the maikct. The chemical 
companies are probably not wonymg too 
much about this threat because not many 
plants can be built foi natuial-gas con- 
veision. Such a plant, to pay out an in- 
vestment, must bo located in an aica 
containing huge conccntiations oi cheap 
natural gas and an abundance oi fresh 
water. There arc not many places that 
satisfy these icquircmcnts. And it will 
he many years befoic a substantial pait 
of oiu moloi iucl is made from coal. 

The Fischer-Ti opsch process un- 
doubtedly will gi ow m importance to om 
fuel economy as time goes on. Ultimately 
it may play a huge iole in the cleanup 
of our iuel resources. Much oi the coal 
m the giound will never be mumble. 
Much of the oil-shale contains too little 
hydrocarbon to justify handling. When 
our oil fields aie “exhausted,” gieat 
quantities of oil unrecoverable by oz- 
dmary methods, will still remain in the 
caith There will also be large quantities 
of oil m inaccessible deposits of tar sands. 
The time may come when the gasifica- 
tion processes associated with Fischer- 
Tropsch will be used as scavengers to 
recover these piccious residues m the 
form of synthesis gas. A little woik has 
already been done on undci giound gas- 
ification. The projects have been clumsy 
and unrewarding, but technologists aie 
not overlooking the eventual necessity of 
“the last roundup,” 

The technologists of industry and gov- 
ernment deserve the highest praise for 
their active exploration during the past 
few years of the many intricate phases 
of the fuel problem. Much of their valu- 
able work will not be used this year or 
next, but the time will come when wc 
will find in it the means for survival. 



IN NONDESTRUCTIVE HYDROGENATION hydrogen is added to an un- 
saturated hydrocarbon molecule to make a saturated one. The hydrocarbon 
model at the left has two carbon atoms at the bottom witli valences unfilled 
by hydrogen atoms, fn the model at the right the valences have been filled. 
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IN DESTRUCTIVE HYDROGENATION a larger molecule is broken down 
to smaller ones by the addition of hydrogen. Here there is a reduction in- 
stead of an increase in molecular weight. This process is speeded only 
moderately by catalysts, while the other often cannot proceed without them. 






VISIT TO POLAND 


The author travels to the land of his birth and 
makes a tour of some of its ruined but reviving 
universities. Last in a series of three articles 


I WENT to Poland at the invitation of 
the Ministry of Education to lecture 
on theoretical physics at its universi- 
ties and to acquaint myself with the 
Government’s plans for the organization 
of higher learning. I looked forward to 
the visit with longing, and also with 
dread. Poland is the countiy of my birth. 
The longing for the country of one’s 
childhood is the longing for youth. Yet 
Poland is not only the land of my youth, 
it is also a land of death. There my fam- 
ily, including my younger sister, whom I 
loved most dearly, was murdered by the 
Nazis. I do not even know in what man- 
ner they died. 

Before I entered Poland, I made an 
important resolution to which I adhered. 

I decided that if I did not like something 
about the country I would tell my hosts 
about it first, and not save my impres- 
sions until I had left. This resolution 
proved to be a happy one. At first I did 
not feel that I received the full confi- 
dence of the Polish officials, but as I 
talked freely about the things that I liked 
and disliked, I experienced the pleasant 
realization that confidence m me in- 
creased. Indeed, the Poles were more in- 
terested in my criticisms than in my 
praise The higher officials in the Minis- 
try of Education often aigued with me, 
explaining why certain tilings were done 
for historical or ideological reasons, but 
they seemed grateful that I did not come 
to them with platitudes of approval or 
dogmatic disbelief. 

When I arrived at the Warsaw airfield, 
two gentlemen were waiting for me. One 
introduced himself as the under-secre- 
tary m charge of universities and re- 
search in the Ministry of Education, a 
Mr. W. Michajlow. He greeted me m the 
name of his Ministry and introduced the 
other man, whom I later called “my 
guardian/’ He is assistant to the chair of 
theoretical physics m Warsaw Universi- 
ty, and he had a leave of absence for a 
month to be my escort throughout my 
visit. 

We got into a car to drive to my hotel. 
I remember well the old Warsaw, where 
I lived more than 20 years ago. Now we 
drove through the remnants of streets 
and past skeletons of buildings more 
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thoroughly ruined than those I had seen 
m Berlin. My companions told me the 
names of the streets we passed. I remem- 
bered the names well, but could not 
recognize the streets. Yet Warsaw was 
much less depiessing than I had antici- 
pated. In Berlin I had seen dead people 
walking on dead sheets, in Warsaw, the 
people were wonderfully alive. The 
sheets were overflowing with them. They 
were dressed modestly, yet with a cei- 
tain elegance that comes not from 
wealth but from a natural dignity. Work- 
ers, women and officers stood m ordeily 
lines waiting for streetcais— a strange 
sight to one who knew only the old 
Poland. When we came to Nowy Swiat 
(New World), one of the principal 
sheets of old Warsaw, I felt gieatly 
cheered. Now largely rebuilt, Nowy 
Swiat and its prolongation (called Stal- 
in's Alley) is almost as beautiful as it 
ever was. 

I had a comfortable room with a large 
bath in Warsaw’s best lebuilt hotel, the 
Bristol. The hotel houses a number of 
embassies and legations, among them the 
Canadian Legation, where I later had 
several pleasant visits with the Canadian 
charge d’affaires, the distinguished poet 
Kenneth Kirkwood. 

Michajlow discussed with me the 
itinerary foi my visit. He urged that I 
give as many lectures as I could, in War- 
saw and in other university towns, and 
asked me to study the Ministry of Edu- 
cation’s new plans for graduate and un- 
dergraduate teaching m science, espe- 
cially m physics and mathematics. He 
suggested that I begm by visitmg the 
Warsaw University physics laboratory 
next day and have a talk with its head, 
Stefan Pienkowski, a former rectoi of the 
University. Michajlow told me that my 
escort would visit me every morning to 
arrange appointments for me with 
whomever I wished, and that a car and 
chauffeur were at my disposal for my 
stay in Warsaw. Moreover, my hotel bill 
and expenses in Warsaw were to be paid 
by the Ministry, 

Michajlow, as under-secretary in 
charge of universities, did not at first 
strike me as a very spectacular person, 
but I became more and more impressed 


with him as time went on. Tactful, un- 
derstanding and a veiy hard workei, he 
turned out to be one of the most intelli- 
gent and devoted civil seivants I have 
ever met. 

My escort, it soon developed, was 
practically indispensable. Telephones 
are so raie in Waisaw that whenevei I 
wished to see anyone I had to ask my 
escort to go trotting off to make an ap- 
pointment for me. This was the case even 
when I wanted to visit officials at the 
Government offices, for their telephones 
were almost constantly busy. My faithful 
escoit contributed gieatly to the comfoit 
and efficiency of my visit. 

The third man whom I met daily, my 
chauffetn, was my only close contact 
with “the people ” A witty man with no 
great interest in politics, he talked to me 
by the hour about Waisaw. He knew 
eveiy neighborhood of the city— how it 
looked two years ago, and how it will 
look 10 years from now. He showed me 
the sites of the bloodiest fighting during 
the war. He had taken part m the War- 
saw upiising, and knew the history of 
every building, almost of every stone. 
This, I discovered, was typical of War- 
saw citizens. Their city is not meiely a 
town they live m, but like a woman they 
love. Even those who severely criticize 
the Government giant it one great vn- 
tue: it is lebuilding their beloved town. 
No one can fail to be impressed with the 
job done by the Polish Government m 
rebuilding Its capital. 

M Y fiist call in Waisaw was on Mme. 

Z. Korman, a good friend whom I 
had last seen some 20 yeais ago. A war 
widow, she is now a professor of history 
at Warsaw Umveisity, and it was she 
who had taken the initiative in having 
me invited to Poland. To reach her home 
we had to pass through the Jewish Ghet- 
to. Where once some 300,000 people 
lived, nothing now remains except acres 
of weed-grown rubble, without the 
slightest trace of a wall or building. The 
only signs of life in this void aie a street- 
car line and road cutting through it and 
a monument erected to the fighters of the 
Ghetto, with two Polish soldiers guard- 
ing it. Nothing that I have ever seen was 
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as expressive ol human suflenng us these 
acres oi nibble. U is the intention of the 
Polish Government nevei to 1 mild up this 
place. It will remain forever a monu- 
ment to human degradation— and hero- 
ism. 

Shaken by this experience, I was re- 
lieved when we ai lived m the suburbs, 
now lebuilt with huge modern apart- 
ment houses, where Alme. Kerman lives. 
Except i 01 the lack of a telephone, hei 
atti active apaitment had all the con- 
veniences that a professor in North 
Amenea would have. I found that in 
general umveisity professors m Poland 
live comfmtably. I believe this would 
not be equally 
true of people m ! 


seen him for 15 ycais. He is now in his 
60s, but 1 did not detect much change 
m him, he is as vigorous as cvei 

I asked Pienkowski what had hap- 
pened to his Institute duiing the Nazi 
occupation To understand his story, it is 
necessary to know some background. 
Before the wax Pienkowski’s laboratory 
was one of the best equipped in central 
Em ope, and was known thiougliout the 
world for its work in spectroscopy. The 
picwar government enlarged the Uni- 
versity’s physics building, and the Rocke- 
feller Foundation gave a generous sum 
lor scientific equipment. About five yeais 
befoie Hitlei’s invasion oi Poland, an m- 


YVhen Pienkowski i of used, the Geneial 
pi ©dieted* ‘'Grass will grow lieic; Wai- 
saw will be a village.” Soon alfenvaid 
staffs of German expeits came and 
methodically lemoved all the research 
equipment, teaching materials, even the 
Jmnitme. It was all done with truly 
German thoroughness, according to a 
careful plan prepared well m advance. 
To Pienkowskis pleas the German cdu- 
catois replied: “We must do it, even if 
we lose the war we must make it harder 
for Polish science to rise again.” 

None of this equipment was lecov- 
eied by Poland after the war Pienkow- 
ski told me* “The Polish reparations 
commission could 
not find any of it. 


other occupations 
Professors, write) s 
and artists aie the 
new auslociacy in 
Poland; their 
standard of living 
is higher than that 
of physicians, 
lawyers or even 
important Gov- 
ernment officials. 
Scientists live well 
because loocl and 
apaitment s (as- 
signed by the 
Government) aie 
cheap, and be- 
cause they have 
an almost unlim- 
ited oppoi limit y 
to increase theii 
earnings by writ- 
ing books and ar- 
ticles. Their writ- 
ings are m great 
demand because 
the libraries weie 
burned and text- 
books destroyed. 

It would be in- 
eoircct to say that 
all the intellectu- 
als in the univei- 



and I have given 
up all hope ” 

I F you multiply 
this despolia- 
tion by a factor of 
1,000, you can un- 
derstand what 
happened lo Pol- 
ish education dur- 
ing the war. No 
university oi high 
school was per- 
mitted to func- 
tion. University 
prof essors becam e 
janitors or white- 
collar workers; 
many were killed. 
Nevertheless, Po- 
land’s educators 
did not give up. 
The entire high- 
school and univer- 
sity system went 
underground, and 
all the teachers 
and professors 
taught secretly, 
besides working at 
the manual or 
desk jobs that 
saved them from 


sities are enlhusi- STEFAN PIENKOWSKI of Warsaw University directs physics laboratory starvation. Pien- 


astic supporters of known throughout the world before the war for its work in spectroscopy. kowski was the 
the present Gov- Pienkowski attended Operation Crossroads at Bikini Atoll as an observer. chief organizer of 
ernment. Many the underground 


are not. Yet not one professor has been 
dismissed, no matter how well known his 
critical or hostile attitude. The reason for 
this is both the need for professors and 
the Polish tradition of appreciation of 
scholarship and intellectual achieve- 
ment. 

Next day I visited Professor Pienkow- 
ski’s physics laboratory at Warsaw Uni- 
versity. I have always liked Pienkowski, 
a lively, able man and excellent adminis- 
trator who, in the prewar years when 
Polish academic life was saturated with 


ternational confer ence on fluorescence 
and spectroscopy was held at Warsaw 
University. I attended the conference, 
and saw there many German scientists 
who delivered lectures and, with other 
guests, were guided through the labora- 
tories and shown all the scientific equip- 
ment. After the fall of Warsaw in 1939, 
the laboratory, which had escaped bomb- 
ing, was promptly visited by a German 
educator, a General Schuman. He had a 
complete list of its equipment, and an- 
nounced that all the instruments would 


universities. The clandestine classes were 
restricted to 10 students each, and every 
month the meeting places were changed. 

When Pienkowski returned to his lab- 
oratory in 1945, he found that the build- 
ing had been used as offices for a German 
transportation commission; the Germans 
left only broken walls, windows without 
glass, not one book of the once splendid 
library, a single lonely table. With mag- 
nificent courage Pienkowski and his col- 
leagues started all over again. First they 
hired six carpenters* salvaged sticks of 


anti-Semitism, was fair and decent to 
Jewish students. I owe at least partially 
to him the Rockefeller Fellowship for 
which he recommended me. I had not 


be taken to Germany. He tried to per- 
suade Pienkowski to go to Germany, of- 
fering to set him up in an institute at 
least as good as the one at Warsaw. 


lumber wherever they could find them, 
and built some furniture. The Provisional 
Government of Poland gave them per- 
mission to collect teaching equipment 
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from the excellently equipped German 
high schools that the Nazis had estab- 
lished m Poland. Through Poles m the 
U. S. and through a British gioup Pien- 
kowski’s laboratory obtained some books. 
The Soviet Academy of Sciences sent one 
precision spectroscope as a token of 
friendship. When the Polish state be- 
came organized, the new Government 
supplied costly precision apparatus, 
some bought in Switzerland, some in 
England. Pienkowski told me that the 
postwar Government’s spending on the 
Institute has been considerably higher 
than even the generous support it had 
from governments before the war. His 
laboratory, now building a Van de 
Graaff geneiator to acceleiate atomic 
particles, is again a going concern. 

When I gave my first lecture at War- 
saw University (m Polish, m which I 
had difficulty at first with the technical 
terms), I was astonished and impressed 
by the level of knowledge among my 
audience. Many of the graduate students 
were as familiar with modern physical 
theories as those at any good university 
on this continent. They had acquired 
their knowledge fiom books and papers 
rather than from lectures, since there are 
very few theoietical physicists m the 
older generation in Poland. Among them 
the most distinguished is W. Rubinow- 
icz, a pupil of Niels Boln He is now a 
professor at Warsaw, leading the only 
school of theoretical physics m Poland 
worth mentioning. In the past tew years 
Rubinowicz has sent brilliant students 
to France, England, Switzerland and the 
Nethei lands to complete their graduate 
studies, a fact that emphasizes Poland’s 
desire to keep its scientific ties with 
western Europe. 

F ROM Warsaw I went on to visit 
two other universities— Wroclaw and 
Cracow. As we flew over Wroclaw, 
formerly the German town called Bres- 
lau, the center of the city presented an 
unbelievable sight. It looked as if a child 
had set out models of buildings to form 
a town, and then had trampled on it with 
angry feet Hardly a house had a root. 
After Warsaw, Wroclaw seemed lifeless 
and depressing. It had always been an 
ugly, graceless German town, and theie 
is no noise of rebuilding there, nor the 
active life of Warsaw. The restoration of 
Warsaw has priority over all other towns. 

Wroclaw University 7 is in effect a trans- 
plantation of the old Lwow University, 
where I taught in my younger days. The 
town of Lwow is now inside the U.S.S.R., 
and its univeisity and professors weie 
transferred to Wroclaw. Because many 
of the professors were my former col- 
leagues, I looked forward to this visit 
with nostalgia. Like many revisits to old 
stamping grounds, it turned out to be 
rather depressing. During my absence, I 
must have become sensitive to. many 
things that had sounded natural to me 


when I lived m Poland. One of them is 
the mania for titles. Lwow used to be es- 
pecially haid-iidden by this mama, hav- 
ing inherited it from the period when it 
was part of the Austro-Hunganan Em- 
pire. The obsession lives on m Wroclaw, 
and to a lesser degree m the rest of Po- 
land. At Wroclaw the official title of the 
rector is “his magnificence.” Aftei heal- 
ing “Kir. Magnificence” repeated every 
few seconds, it is hard to retain one’s 
self-conti ol. 

The University’s strong point is mathe- 
matics Polish mathematics was world- 
famous before the wai, but it suffered 
greater losses than any other science. 
Many mathematicians weie murdeied 
for being Jews; some died of hunger and 
exhaustion; some committed suicide. 
Polish mathematics is still good, but it is 
not what it was. What remains of its 
former greatness is concentrated in War- 
saw and Wroclaw. 

I went from Wroclaw to the most 
beautiful city on eaith— Ciacow. It is the 
town where I was bom and from which 
the members of my family weie led to 
death Physically nothing of Ciacow was 
destroyed. Its parks are full of flowers 
and gieen, its people are well dressed. 
The leception I received in my native 
tovai was the most touching expenence 
I have ever had I lectured m the huge 
auditorium m the physics building, m 
the same room in which I had listened 
to the lectures of my foimer teachers. 
The lectuie had been announced by ra- 
dio, and the room was full halt an hour 
before I began to speak. People with 
whom I had gone to public school as a 
child came to shake my hand and to tell 
me that they were still alive. The ap- 
plause when I entered the room, and 
after my lecture, was warm and loud. 

Professor H. Niewodmczanski and his 
wife were my hosts. 1 knew them well, 
for we had spent a year together at Cam- 
bridge University on Rockefeller Fellow- 
ships. Again I heard the story of how an 
empty 7 building became a physics lab- 
oratory. This time the story had a pecu- 
liar twist. At the end of the war, German 
marks became almost worthless, but lab- 
ora tox } 7 apparatus m Germany was still 
listed at the low prewar German prices 
in marks. Thus it was theoretically pos- 
sible to buy them from German factories 
foi practically nothing, if one could con- 
vince diem to sell. Niewodmczanski and 
a colleague had an idea. They requisi- 
tioned three trucks from the Polish Gov- 
ernment and diove to factories making 
scientific instruments in Germany. At 
each they staged the same performance. 
The director of the factory would sav 
that all the equipment in stock had been 
ordered by German schools and univer- 
sities and there was none for sale. Then 
Niewodmczanski would take out a pack- 
age of cigarettes or a pound of bacon. 
The director s eyes would glitter, and he 
would change his tune immediately. He 


would be icady to sell anything at the 
list puce m almost worthless maiks. For 
a few bundled dollais the piofessor 
bought enough equipment to outfit the 
entne University 

B ACK ill Warsaw, I was kept busy lec- 
turing, seeing people, and confer- 
nng with officials of the Mmistiy of 
Education on the plans tor leorganiza- 
tion of the Polish umveisities I found 
this a most interesting pioblem 

Continental Euiopean universities aie 
looted m the Middle Ages. In Poland, 
as in Geuuany, the umveisities before 
the war, though iunctiomng in a coun- 
try that was lai horn demociatic, were 
more demociatic m form than any um- 
veisity m America. While they were 
nominally under the supervision of the 
Mmistiy of Education, actually they gov- 
erned themselves according to then own 
laws. The faculty members chose their 
ownrectoi (piesident) every three years, 
and a dean every yeai A professoi was 
as independent as a king. Depaitments 
were unkown; theie were only inde- 
pendent chans. Every piofessoi had Ins 
own “Institute,” his own assistants. Ap- 
pointments and promotions were made 
bv the iacultv on the 1 ecommendation 
of a committee especially elected lor the 
puipose Even if a murdci was commit- 
ted on the campus, the police could come 
m only if called by the lector. Yet de- 
mocracy in these satiapies was only a 
form. In spile of their demociatic struc- 
ture, the umveisities m Poland were 
moie socially backwaid, moie anti-dem- 
ociatic than the rest of the country 
Immediately after the war they were 
lebuilt in the old tradition. Although 
their supeificially demociatic chaiacter 
was thus retained, this system of 01 gani- 
zation lacked the fundamentally moie 
democratic machinery for eoopeiation 
that exists in a modem university. The 
Ministry of Education also made othei 
grave mistakes. To staff all the old um- 
veisities and new ones that it had to 
build, it spread the depleted teaching 
staff too thinly The lesult was a decline 
in the level of research and teaching and 
a wasteful scattering of foices In a pro- 
vincial univeisity there would be one 
good man, sav m physics, with no gradu- 
ate students, no equipment, no other 
physicists to talk to 

I found the Ministry officials entnely 
ready to admit the mistakes and busy 
correcting them. They had already 
planned a process of integration and the 
cieation of centers of research. Theii 
plans for reorganization will bring the 
Polish universities nearer the American, 
English and Canadian models, 

T HE headquarters of the Ministry of 
Education in Warsaw was one of the 
very few buildings that survived the 
wax*. The Ministry owes this piece of 
good luck to the fact that its modern, 
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attuichve structure was occupied by the 
German Gestapo. 1 ended my visit to 
Poland with a lecture m this building 
befoic some 50 prolessors, officials and 
guests ot the Mmistiy. I discussed lea- 
trues of Canadian education which I 
thought should be adopted, with certain 
modifications, by Polish universities. One 
was the division of 1 acuities into depait- 
ments, another that a cleai distinction be 
made between graduate and under- 
giaduate education, a distinction which 
is almost unknown on the European con- 
tinent. I also mged the need foi reducing 
the bureaucracy m university adminis- 
tration. Indeed, one of the woist things 
that 1 found m Poland was the great 
amount ol icd tape, in and out ot die 
universities. The Polish officials ex- 
plained the i cason for it. While die per- 
sonnel at the highest levels is usually 
intelligent and skillful, below these ranks 
competence diops sharply. There is a 
tremendous lack in all branches of life 
in Poland of qualified, well-educated 
people. The mediocre civil seivants, 
all aid of making decisions, pass papers 
up to higher levels, wheie they grow into 
mountains. The higher government offi- 
cials woik 12 and often more hours a 
day, because eveiy thing hom below, 
horn the trivial to the important, is load- 
ed on to them. Secretai*ial help at the 
universities is practically unknown. The 
Ministry vows, however, that in time all 
this will be changed 

Y ET comparisons aie not all to the 
disadvantage of the Polish universi- 
ties. Tilings that would be difficult to 
accomplish in Poland aie easy in Amer- 
ica, but the reveise is also true. It would 
be difficult for me to obtain four new 
assistant professors in our department at 
the University of Toronto; m Poland it 
would be comparatively easy, provided 
the right people could be found. 

European universities in general are 
remarkably allied in spirit, fantastic as 
this may sound to anyone who does not 
know Em ope. In spite of the great dif- 
ferences between Ireland, England and 
Poland, m theii attitude toward scholar- 
ship and intellectual achievement these 
countries are much closer to one another 
than any of them is to America. 

For all its poverty in material and 
human resources, Europe has something 
which we do not have, and which all the 
splendid scholars who have come to this 
continent have not been able to kindle. 
It has greater curiosity and greater en- 
thusiasm for learning. While the flame 
of learning bums more dazzlingly here, 
in Europe it sets fire more widely to the 
imagination of the people. 


Leopold Infeld is professor of ap- 
plied mathematics at the University 
of Toronto and author , with Albert 
Einstein , of The Evolution of Physics. 



WARSAW UNIVERSITY’S gates still stand after (he German occupation. 
During the wav the occupying forces removed all the equipment from the 
physics laboratory and used it as an office for a transportation commission. 



CRACOW UNIVERSITY library, like the rest of Cracow, was not greatly 
damaged by the war. The university, second oldest in central Europe, was 
founded in 1364. At left is a statue of Nicolaus Koppernigk (Copernicus). 



* LOOK of coastal waters is visible in right half of pho- 
tograph made from 15,000 feet. On land are small farms 
( bottom , left) t almost dry lake beds (left center) and a 


1,500-foot aiistrip (top). The water is still and clca 
Height and direction of the sun are indicated hy sha 
ows on the bottom. The photograph is unretouclic 
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OCEAN’S 

FLOOR 

A remarkable aerial 
photograph uncovers 
its conformation off 
the coast of Africa 

T HE bottom ol the ocean, some of 
which is wunklecl into ieatuics as 
rugged as those ol the land, is oc- 
casionally visible lrom the an. Such a 
uue moment was recorded last summer 
by the aenal mapping cameia of a plane 
flying three miles above the coast oi 
Portuguese East Airiea. There the bot- 
tom of a still inlet of the Indian Ocean 
could be seen with startling clarity. The 
plane was operated by the Aero Service 
Coipoiation of Philadelphia, which was 
making a suivey ol the 47,000-squarc- 
mile concession aiea of a subsidiaiy of 
the Gull Oil Corporation. Aero Service 
made a complete aerial map of the area, 
then its plane Hew a precise pattern over 
it beating an airborne magnetometer. 
This sensitive device, developed during 
the wai to detect submarines, continu- 
ously records variations m the earth’s 
magnetic field and thus provides mioi- 
mation about geological structures con- 
cealed beneath the surface of the land. 
The magnetometer recoid is synchro- 
nized with photographs fiom a continu- 
ous-ship camera, which makes it possible 
to correlate the magnetometer data with 
tire aenal map. The final pioduct is a 
complete magnetic map ol the legion. 



SURFACE of the sea in the same region normally is ruffled by the wind. This 
plus the glare of the sun, a diffuse reflection of which appears at the upper 
right, makes the surface an efficient reflecting and light-scattering device. 



MAGNETOMETER hangs in a bomb-shaped case be- map of tlie region, then to survey it for variations in 

neatli the DC-3 from which the photograph on the op- magnetic intensity. On the ground below are the waste 

posite page was made. Plane was used first to make aerial sludge piles of gold mines in the Union of South Africa, 
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In certain crystals mechanical deformation liberates 
electric charges, and vice versa. This piezoelectric 
effect has many applications, notably in ultrasonics 

by Walter G. Cady 


P IEZOELECTRICITY (pronounced like the other effects, it also woiks two tend to be displaced in opposite direc- 

pie-ctfse-o-eleetricity) is a Greek-de- ways, just as mechanical pressure on a tions. Theiefoie pressure produces no 

rived word meaning “pressure-elec- crystal can produce electricity, so an external electrical effect m them. On the 

tricity ” It is the name of an effect pro- electric current applied to the same crys- other hand a ciystal of low symmetry 

duced in certain types of ciystal that tal can produce mechanical motion has a single-track mmd, 01 at least a one- 

can convert mechanical energy into elec- The piezoelectric effect was discov- wayness m its internal structuie. Al- 

trical energy. Mechanical pressure ap- ered in Pans in 1880 by the brothers though its atoms, and the bonds between 

plied to such crystals liberates electncity. Pierre and Jacques Curie. They had long them, are airanged just as regularly as m 

For example, if a stronglv piezoelectric been interested in crystallography. They crystals ol highei symmctiy, their ar- 

erystal such as Rochelle salt is connected knew that some crystals, such as rock nuigement is such that when a pressure 

by means of electrodes to a neon lamp, salt, are highly symmetrical, while others is applied m the piopei dncction, posi- 

a tap on the crystal with a hammer will show a low ordei ol symmetiy. They tive electncity is “squeezed” in one cli- 

liberate enough electric charge to make conceived the idea that cei tain types ol lection and negative electncity m the 

the lamp Hash. asymmetrical crystals might, when com- other. Of the 32 classes ol crystals known 

Piezoelectricity has become m recent pressed m certain dnections, liberate to crystallographers, 20 have enough 

years a very fertile field for research, electric charges, positive on one side, lack of symmetiy to he piezoelectric, 

not only because it has a great many use- negative on the othei ; m other words, Technically speaking, they all lack a 

ful applications but also because it is a that such ciystals would become elec- “center of symmetiy.” 

means for fundamental studies of the trie ally polarized when compressed. 

structure of matter. Electrical effects, as They vended their piediction by tests ^PHE libeiation ol electac charges 

is well known, can be produced in mat- with a large number oi crystals of dif- JL fiom a piezoelectric crystal by me- 
ter in various ways, by heat (thermo- ferent kinds, including quartz, tourma- chamcal pressure is called the direct ef- 
electricity and pyroelectricity) , by the line and Rochelle salt. feet, and the change in shape produced 

action of light ( photoelectric effects); In view of the fact that all matter con- by an electric cunent is called the con- 
by chemical action, as in a battery, and sists of positive and negative electrical veise effect. The latter has various foims. 

by several types of application of me- particles, it need not seem surprising Suppose that a Hat slab cut from a piezo- 

chanical forces, of which the most fa- that deformation of a solid should pro- electric ciystal is placed between two 

miliar is the dynamo. In general these duce a displacement of electric charges, flat metallic electrodes connected to a 

effects are more or less reversible: i e.. But why is it that only asymmetiical batteiy. The battery voltage will cause 

electric currents can produce heat, light, crystals show the effect of this displace- the slab to be deformed oi “sluiined,” the 

chemical reactions and mechanical mo- ment? The leason is that m nonciystal- amount of deformation depending on the 

tions. Piezoelectricity belongs in the class line materials and in the moie symmetri- battery voltage, among other things. One 

of electromechanical phenomena and, cal types of crystals the charges do not type of strain, called a “shear ” changes 



PIEZOELECTRIC CRYSTAL is placed between two 
metal plates connected to a battery. When circuit is 
closed i center) * rectangular cross-section of crystal is 


deformed into a parallelogram. When current is re- 
versed (right ) , deformation is reversed. In this diagram 
degree of deformation has been exaggerated for clarity. 
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the shape ol the crystal slab from a icc- 
tangle to a nomectangulai paiallelogram 
(see chawing at the bottom of opposite 
page) A leversal of the battery voltage 
level ses the direction of the shcai. In 
other types of eiystal the deformation is 
difleient the slab lemams lectangular 
but is made longer and thinner by an 
electnc field m one dnection, shoitei and 
thicker by a field in the other dnection* 

When the battery is replaced by ail alter- 
nating-cunenl gencratoi, the slab vi- 
brates with a certain amplitude oi mo- 
tion. In the fiist case dcsciibed above the 
vibrations will be m a “sheai mode,” with 
the top and bottom sui laces shu filing 
back and foith; m the second case the 
slab will become alternately shorter and 
thicker, and longer and thinner. All these 
def oi mations aie far too small to be seen 
by ordmai y means, but there aie soveial 
ways by which they can be mcasiued. 

Crystals can be classified according to 
then axes, or the directions m which 
their atoms aie airanged. When an en- 
gineer is given a new type of crystal that 
may have useful piezoelectric properties, 
his first question is, ‘AVherc do the axes 
lie?” The axes ol seveial types of crystal, 
as well as typical outward forms, are 
shown in the drawing at the right and m 
those on page 48. Among the most use- 
ful piezoelectric crystals, some of which 
aie illustrated m these diawings, aie 
quartz, tourmaline, Rochelle salt, ammo- 
nium dihydrogen phosphate (ADP), 
ethylene diamine taitiate (EDT), lithi- 
um sulfate and baimm titanale. From 
each type of eiystal the engineer makes 
characteristic “cuts” of slabs or bars, the 
cut depending on the pui pose for which 
the crystal is to be used. Very often the 
cut is at right angles to an axis, since in 
most piezoelectric ciystals an electric 
field parallel to any one of the three axes 
causes a deformation. In some cases the 
deformation is a slieai, in others it is an 
elongation in one direction with a con- 
ti action at right angles, in many cases 
both types of deformation occur to- 
gether. For some special purposes the 
slabs are cut at oblique angles to the 
axes, such cuts may be piezoelectric be- 
cause the field has components parallel 
to at least two axes. 

Let us consider now the applications 
of the piezoelectric effect, and m par- 
ticular the part played by ciystals in the 
field of ultrasonics. 

T HE fiist attempt to apply piezo- 
electricity was made duung World 
War I. The famous French physicist Paul 
Langevin conceived the idea of using an 
electric current to make quartz plates 
vibrate so as to send out a beam of ultra- 
audible sound waves under water for 
locating submerged submarines. The dis- 
tance and diiection of the submarine NATURAL CRYSTAL of quartz has three axes at right angles to each other, 

were to be determined from the echo They are designated the X, Y and Z axes. Three common “cuts ’ 5 related to 

- returned from the crafts hull and de- these axes are indicated here by the small slabs that are within the crystal. 
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ARTIFICIAL CRYSTALS may also be piezoelectric. The three shown here 
are grown from saturated solutions in water. They are ammonium dihydro- 
gen phosphate (top) , Rochelle salt (middle) and ethylene diamine tartrate 
{ ottom) t The Y and Z axes of each and some common cnts are shown* 


tected by the same system of ciystals 
that emitted the waves Except that it 
used sound waves instead of ladio, this 
system was exactly paiallel to ladai, 
which was to be developed m Woild 
War II. Langevin’s invention was imme- 
diately lecognized by the Allies in Woild 
Wai I as a hopeful solution of the piob- 
lem of detecting submaimes Intensive 
leseaich to this end was earned on m 
the U. S, and m England. Although no 
extensive military use was made of these 
detecting devices duiing the Fust World 
War, crystal lesearch was continued 
afterward m many labor atones, and by 
Woild War II piezoelectric ciystals 
played an impoitant pait, not only in 
detecting enemy submaimes and mines, 
but m radio and ladar as well. The sys- 
tem based on Langevin’s invention be- 
came known as sonar. 

Ciystals have now come into use m 
all forms of electrical communication— 
the telephone, telegiaph, the phono- 
graph, television. A familiar example is 
the ciystal pickup for phonographs. 
Here two thin plates of Rochelle salt oi 
ADP (more lecently, ceramic plates 
containing baiium titanate ciystals) aie 
cemented together face to face and pro- 
vided with electrodes connected to an 
amplifier and loud-speaker. The needle 
on the rotating recoid is attached to 
these plates, and its vibrations cause the 
plates to be slightly deformed. These de- 
formations m turn liberate electnc 
charges which arc amplified and actuate 
the loud-speaker. Another example, 
using the converse effect, is the ciystal 
headphone. Here the crystal acts like an 
electnc motor, conveitmg electncal into 
mechanical energy. Various devices em- 
ploying the same effect have been in- 
vented for recording variations in elec- 
tiic currents. They include a crystal car- 
diograph and a ciystal oscillograph. 

Some of the impoitant applications 
are based on the fact that a crystal, like 
most other vibrating bodies, has a num- 
ber of natural fie quencies. Like a musical 
mstiument, it has a fundamental fre- 
quency and higher "harmonics/’ some- 
times hundreds of them. When the al- 
ternating current flowing to a ciystal has 
a frequency identical with one of its 
natural frequencies, the vibiations be- 
come most intense. The ciystal is then 
said to be "in iesonan.ee/’ The strain 
produced by such a lesonance may be- 
come great enough to shatter the ciystal, 
just as a poweiful singer’s voice can shat- 
ter a resonant glass. 

Resonant crystals, known as piezo- 
resonatois, generally use the ultrasonic 
frequencies, far above the range of hu- 
man hearing. Ciystals can be made to 
vibrate in resonance at frequencies as 
high as 200 million cycles per second, 
with a vacuum tube generator as the 
.source of the alternating current, The 
various modes of vibration are shown in 
the drawings on the opposite page. For 
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the lowest frequencies nan ow crystal 
l)ni s a few inches long are so tliiven elec- 
trically that they vilnate by bending, like 
the metal plates ol' a xylophone. For fre- 
quencies from 30,000 to 300,000 cycles 
per second, a plate or nairow bar is made 
to vibrate so it either becomes alternately 
longei and shorter, oi oscillates in a shear 
mode. The author has observed leso- 
nance at about 1.5 million cycles per 
second m a quartz bar that was only Vm- 
mch long. For li equencies above 300,000 
cycles it is customary to use plates m 
“thickness vibration,” the plate becom- 
ing alternately thicker and thinner. For 
uiclio circuits the “thickness sheai mode” 
is pietened. 

I N some ol the most important appli- 
cations the direct and converse ef- 
fects are combined. Here the crystal is 
set into vibration and diiven as a motor 
by an alternating cunent. The vibrations 
aie not used loi doing mechanical work, 
but rather, tin ough the piezoelectric 
charges liberated by the clnect effect, 
to control the alternating current that 
drives them, just as the counter electro- 
motive iorce generated by an electiic 
motor has a regulating effect on the sup- 
ply cunent. A feature peculiar to the 
crystal, not present m ordinary motors, 
is that the intensity ol vibration (cor- 
responding to die motor speed) depends, 
among other things, on the frequency oi 
the alternating current applied to it. It 
is precisely when the crystal vibrates 
most vigorously that it reacts most 
strongly on the alternating emrent that 
drives it. This fact is made use of m 
radio transmitting circuits, which com- 
monly employ quartz crystals to hold the 
frequency of the radio waves constant. 
A bit of crystal no larger than one's 
thumbnail can control the frequency of 
a powerful broadcasting station. The 
crystal is to the transmitting circuit what 
a pendulum is to a clock. (Indeed, 
quartz-crystal resonators are actually 
used to control the most precise present- 
day electric clocks.) 

Crystals, and especially quartz crys- 
tals, can control the frequency more pie- 
cisely than any other known means be- 
cause their resonance is extremely sharp. 
By this we mean that a very small change 
in frequency causes a very great change 
in the vibrations of the crystal. For ex- 
ample, a quartz X-cut bar a little over an 
inch long and kin-inch thick has a natu- 
ral frequency of vibration m the direc- 
tion of its length amounting to 100,000 
cycles per second. When it is set into 
vibration by an alternating current of ex- 
actly this frequency it is in resonance, 
and if it is mounted so as to vibrate with 
very little friction, an electromotive force 
of 20 volts will be almost enough to shat- 
ter it in pieces, although die ends move 
back and forth over a distance of only 
about six ten-thousandths of an inch. If 
the frequency changes by only .0005 per 


cent, the vibiations may be only half as 
great as at resonance. By good luck it 
happens that the range oi li equencies 
within which crystals can be made to 
vibrate is the same as that commonly 
used m radio. 

Another important application of crys- 
tals is m electric filters, particularly the 
“channel filters” for communication over 
wires. Hunch eds ol messages or conver- 
sations can be transmitted, at the same 
time over a single cable by using a sepa- 
rate “carrier frequency” for each mes- 
sage. In order to unsci amble the mes- 
sages at the end of the line and to cliveit 
each to the desired destination there 
must be a separate tuned electric circuit 
for each message. Each circuit acts as a 
filtci, passing a single carrier frequency 
while i ejecting all others. The tuning 
must be very sharp, and crystals are su- 
perior to any combination of coils and 
condensers as the tuning elements in 
these circuits. 

Quaitz is employed foi more different 
purposes than any other piezoelectric 
crystal. The reasons are not only that it 
has very sharp resonance and is mechan- 
ically dm able and immune to attack by 
oidmary chemicals, but especially that 
certain cuts have vibrational frequencies 
which are almost free liom variation 
with tempeialuic. The demand foi 
quaitz crystals has become so gicat that 
alieady good specimens aie costly and 
hard to obtain. This shortage is being 
met partly by a search for other suitable 
kinds of ciystal, partly by growing quartz 
artificially. The latter art is still in its in- 
fancy. Quartz is silicon dioxide. Although 
it is the most abundant of all minerals, 
huge and sufficiently perfect crystals are 
comparatively rare and they aie found 
only in restricted legions, notably m 
Brazil. 

N OW let us look a little further into 
what in some ways is the most in- 
teiestmg application of piezoelectricity— 
the uses of crystals as generators of ultra- 
sonic waves. Lange vm’s work in this field 
was a pioneer investigation of a little- 
known physical effect. It demanded a 
thoiough knowledge of wave motions in 
solids and liquids, and of alternating 
electric currents, plus the spark of gen- 
ius. Langevin quickly obtained promis- 
ing results toward the application of his 
findings in a submarine-hunting device. 
The technical difficulties weie so great, 
however, that it took considerable effort 
by teams of woikers in World War II to 
bring the device to full fruition. 

When a plane surface such as the face 
of a crystal plate vibrates back and forth 
like a piston, it emits acoustic waves into 
the adjacent medium. Like most radia- 
tions, these waves are not confined to a 
narrow beam at right angles to the sur- 
face but tend to spread. They form a 
diverging cone of sound. The amount of 
divergence depends on the diameter of 
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VIBRATIONAL MODES of some 
piezoelectric crystals are (A) length- 
wise, (B) thickness, (C) flexural, 
(D) face shear, (E) thickness shear. 
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the piston, the frequency of the waves 
and the speed of sound m the medium 
thiough which the waves pass It is pos- 
sible, bv a suitable choice of diameter 
and frequency, to produce a cone with 
any desired amount of divergence. Foi 
example, the speed of sound m sea water 
is about 4,900 feet per second Suppose 
that the crystal plate is made to vibrate 
with a frequency of 50,000 cycles per 
second, which means that the wave- 
length of the sound waves is about 1 2 
inches. If the diameter of the crystal is 
four inches, the eventual spread of the 
cone, as calculated fiom a standard for- 
mula, is about 40 degrees of arc. By using 
a crvstal with a diameter of 10 inches, 
the spread of the cone can be reduced 
to about 16 degrees. The cone can also 
be made narrower by increasing the fre- 
quency of vibration rather than the di- 
ametei of the civstal. For submarine de- 
tection the cone must be neither too wide 
nor too narrow. A spread of about 20 
degrees has been found to be satisfac- 
tory. 

Another factor that must be taken into 
account is the absorption of sound in the 
medium. Owing to internal friction m 
the medium, the waves die awav with 
increasing distance This “damping” of 
the sound waves severely limits the dis- 
tance that signals can be sent under wa- 
ter Damping increases rapidly with in- 
creasing frequency. For example, a beam 
of waves in water with a frequency of 
20,000 c p.s. travels 140 miles before its 
intensity is reduced to one per cent of 
its value at the source, at 100,000 c.p s 
the distance is six miles; at one million 
c.p.s.. 300 feet; at 15 million c.p.s., only 
16 inches. The distances aie still furthei 
diminished by effects of surface waves, 


air bubbles and bending of the beam 
due to varying temperatuies. 

Thus to get maximum range it is evi- 
dently desnable to use a low frequency. 
On the other hand, when the frequency 
is low the crystal must have a large 
diameter if the cone-shaped beam of 
sound is to be sufficiently narrow to lo- 
cate a taiget accuiatelv and to pioduce 
a strong echo. As a compromise it has 
been found most practicable to give the 
crystal a diameter of about 10 inches, m 
which case a cone of suitable diveigence 
is produced when the frequency is 
around 40,000 c.p.s. Foi short ranges 
smaller crystals and higher frequencies 
can be used 

The device that transmits such a beam 
and receives its echo is known as a trans- 
ducer. Its opeiation is illustrated m the 
drawing on these two pages. The trans- 
ducer sends out a short pulse of ultra- 
sonic waves. It is then immediately 
switched from the transmitting to the 
receiving circuit, so as to be ready to re- 
spond to the echo. A lesponse can be 
detected even when the amplitude of 
motion is less than a hundredth of the 
diameter of a molecule. 

M ODERN transducer aie of many 
sizes, shapes and designs. The pres- 
ent account is confined to transducers 
employing piezoelectric crystals, al- 
though some widely used types are mag- 
netic rather than piezoelectric; they aie 
based on the effect known as magne- 
tos tnction. 

We will consider first the lecent de- 
velopment of crystal transducers for 
sonar, which term, by the way, is de- 
nved from “Sound Navigation and Rang- 
ing.” Sonar is the name for all devices 


foi obtaining echoes from submeiged 
objects, leefs, shoies and the ocean bot- 
tom. Such devices can be used not only to 
detect submarines but to sound the 
depth of watei m oceans and harbors and 
to locate sunken ships. They may also 
prove useful for locating icebergs m fog- 
gy weather oi at night, although this is 
a moie difficult problem than it may 
seem, for the reflection of sound undei 
water from a mass of ice is very feeble. 

Owing paitly to the scaicity of quartz, 
and partly to the desire for a moie 
strongly piezoelectnc matenal, effoits 
were made as early as World War I to 
replace quartz by artificial crystals. For 
many years the only available substitute 
for quartz was Rochelle salt Latei it was 
found that ciystals of ADP, though less 
strongly piezoelectric than Rochelle salt, 
offeied pronounced advantages, and 
they are now in common use. 

In a typical transducer each crystal 
plate may be an inch squaie and a six- 
teenth to a quarter of an inch thick, with 
metal electrodes covering its opposite 
faces. A laige number of these plates are 
stood on end on a flat suiface, with suit- 
able spacers between plates and between 
rows of plates. When cemented together 
they form a flat slab, the area of which 
may be a square foot or more. The elec- 
trodes aie connected in parallel, or m a 
series-parallel combination, with ter- 
minal wires running to the high-frequen- 
cy alternating-current generator. When a 
current of the right frequency is applied, 
the entile slab becomes alternately thick- 
er and thinner; that is, it resonates in 
thickness vibration. The slab is mounted 
m a water-tight casing, with a “dia- 
phragm” or “window” which allows the 
vibrations to pass through, for radiating 



TRANSDUCER for generating a powerful ultrasonic 
beam under water (left) is a mosaic of X-cut quartz 



plates (Q) cemented between two steel slabs (A and B) . 
when a current of the appropriate frequency is fed in- 


and receiving ultrasonic waves under 
watci . 

In one oi the most modem types oi 
tumsducei the ciystals aie between steel 
slabs, iorming a sandwich. The thmnei 
crystals are at the center. Since their clec- 
tiodes aie closer together than those of 
the thicker ciystals, their electiic fields 
are strongei and they vibrate with gieat- 
ei amplitude. It is found that by this 
means the cone of ladiation is more 
concentiated. The light and left halves 
of the transducer are connected to inde- 
pendent on cuits. If the tumsducei is not 
pointing exactly at the tai get, there is a 
slight difteiencc in time oi ai rival of the 
echo waves on the two halves. This dif- 
ference is indicated on the screen of an 
oscilloscope, thereby enabling the op- 
erator to train the transducer more accu- 
uitely on the taiget. The same Inmsducer 
can be used also loi detecting sounds of 
independent ougin, such as the noises 
irorn distant piopellers. 

The transducers described thus far 
have flat faces for emitting a moie oi less 
narrow cone of sound. For special pur- 
poses it is sometimes desirable to send 
or receive m all directions. By a suitable 
airangement of crystals this also can be 
accomplished. 

RANSDUCERS foi producing ultra- 
sonic waves have othei uses than for 
nuclei water signaling. One example is a 
device for detecting flaws m metal cast- 
ings and other solid matciials. A quaitz 
plate m a special holder is placed m con- 
tact with the specimen to be tested. A 
short pulse of high-frequency waves is 
sent into the specimen. Any air bubble, 
ciack oi other defect that lies in the path 
of this ultiasomc beam returns an echo to 


die crystal and is lecoulcd electrically. 

Tiansduccrs aie also used m the stor- 
age or “memory” cells of ceitain ladar 
systems and some electrical computing 
machines (Scientific American, 
Apnl). The signal to be stored modu- 
lates a shoit pulse of high-frequency 
cm rent, which in turn excites vibrations 
m a crystal transducer. The latter sends 
the modulated waves thiough a tube 
filled with meicury, at the opposite end 
of which is a second ciystal This sec- 
ond crystal leconveits the ultiasonic 
waves into an electric current, which is 
fed back into the circuit at the end of a 
storage interval that is determined by the 
length of the column of meicuiy. 

How closely the transducer paiallels 
ladai is lllustiated by the fact that it is 
actually used as a substitute foi a radai 
set in training operatois When airborne 
radai was being developed the need was 
felt for a ground- ti aming device by 
which ladar operatois could obtain ex- 
perience in the novel and complicated 
piocedure of handling the controls and 
adjusting images on the oscilloscope 
without actually going up in a plane. 
This end was achieved by an ultrasonic 
device called the "uidar liainei,” orig- 
inated m England and further devel- 
oped at the Massachusetts Institute of 
Technology Radiation Laboialory. In 
this apparatus the radar antenna is simu- 
lated by a small quaitz transducer, 
which generates short ultrasonic pulses 
in a tank of watei a few feet long. The 
ultrasonic waves are reflected from a re- 
lief map on the bottom of the tank, just 
as radar echoes are reflected from the 
terrain to a plane flying above it. Since 
the speed of electric waves in the air is 
about 200,000 times as great as that of 


sound waves in watei, the time ol flight 
of a pulse m the tank is of the same oi dor 
of magnitude as that ol a radar pulse m 
the lound trip to a distant target and 
back. The ultrasonic beam scans the ic- 
lief map exactly as a ladar beam from a 
plane scans objects on the ground. 

Many labor atoiy investigations have 
been carried out on the mechanical, 
chemical and biological effects of intense 
ultrasonic radiation. Some of these ef- 
fects are spectaculai. For example, a 
strong ultrasonic beam directed up waul 
m a tank of watei will make a jet of 
liquid oi a cloud of mist shoot upwaid 
a foot or moie from the suifacc. Though 
the amplitude of motion m the beam 
(i.e., the distance the particles travel) is 
tiny, the forces ol compression and raie- 
f action geneiate a pressure of several 
atmospheres. Moreovei, because of the 
high frequency the velocities and accel- 
erations of the particles m the medium 
aie extremely huge. The result is that 
the material m the path of the beam is 
so violently agitated that it tends to be 
loin apart. 

This poweiful agent called ultrasonics 
has opened new avenues to progress in 
many industries. Among the applications 
aie the preparation of emulsions; giving 
a finer gram to metals and photographic 
films; freeing liquids from dissolved 
gases, the purification of milk. Ultia- 
sonic waves of suitable frequencies and 
intensities can speed up chemical leac- 
tions, stimulate the geimination ol seeds 
and kill bacteria. 


Walter G. Cady is profes- 
sor emeritus of physics 
at Wesleyan University. 
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CHILDREN'S BOOKS 

A special review of those about science 
for groping parents at Christmastime 



by James R. Newman 

D URING the summer and fall I 
spent a good many horns going 
through some 300 children's sci- 
ence books. My purpose was to combine 
the duties of parent and book le viewer 
to make a moderately compiehensive 
survey of what was currently available 
and to share what I had learned with my 
children and with other children's pai- 
ents, especially those who are readers of 
this magazine. The detailed conclusions 
on about a third of the total aie to be 
found below, but a few general observa- 
tions may be appropriate as an introduc- 
tion. 

First, it is evident that the art of writ- 
ing simple, explanatory science texts foi 
children has advanced considerably dur- 
ing the last half-century. My library 
holds a number of children's science 
books, written between 1900 and 1920, 
which I can recommend to neither chil- 
dren nor adults. The style is sentimental, 
the whimsy terrifying, the illustrations 
apparently prepared with a leaking pen, 
the type and binding repellent. There are 
exceptions, of course, especially among 
the books intended for older children. 
You will not find anything by contem- 
porary authors to match the old masters: 
Michael Faraday on the candle, T. H. 
Huxley on a piece of chalk, John Tyndall 
on sound, Sylvanus Thompson on mag- 
netism, C. V. Boys on soap bubbles. But 
for all their elegance and clarity 7 , many 
such essays are not easy reading; to say 
they are accessible to adolescents is per- 
haps only to say that m intellectual grasp 
the average 15-year-old is the peer of the 
average adult and that he makes up in 
curiosity and receptiveness to new ideas 
what he may lack in information. A sci- 
ence primer, I have come to realize, 
should possess the attributes of a well- 
designed puzzle. It should be hard to 
master but not too hard, for m that case 
it will be rejected before it awakens the 
imagination necessary to solve it. 

Looking over some of the British ele- 
mentary science books by James Jeans, 
William Bragg, E. N, da C. Andrade, 
J. P. Kendall and others, based on lec- 
tures delivered in the notable Royal In- 
stitution Christmas Lecture Series, one 
is struck by the same point. We have 
almost nothing to equal these populari- 
zations, as we have almost nothing (the 


Philadelphia Franklin Institute Lectuies 
are a possible exception) to equal the 
Christmas lectures. But it is a mistake to 
assume that, because the Royal Institu- 
tion Senes is described as directed to a 
“juvenile auditory,” the books them- 
selves can be read by any but exception- 
ally gifted children. I think the science 
books published m the U. S. foi the 
vague “12 and up” group aie on the 
whole better suited for the average child, 
they aie more cognizant of his limitations 
and moie deliberately aimed at overcom- 
ing them. Although wiitten with less 
imagination and less depth, they are su- 
peiior in their broad appeal to many 
childien without special scientific apti- 
tude who, nevertheless, aie interested in 
science and whose interest should be ful- 
filled I need waste no time, I am sure, 
on commonplaces about the importance 
of science m modem education. 

Second, the bulk of cunent science 
books for younger childien (6 to 9, 9 to 
12) are remarkably satisfactory. My own 
early experience with science books be- 
gan, to the best of my recollection, with 
the nature stories of Thornton W. Bur- 
gess. I was pleased with these, and I do 
not now intend to slight my obligation 
to them. The fact remains that my chil- 
dren regard Burgess as an old fogy, Un- 
doubtedly some youngsteis still enjoy 
reading about animals that go hppeity- 
lip, moreover, these childien should have 
no difficulty picking up perfectly sound 
information about nature. Otheis, how- 
ever, now prefer taking science straight, 
and it is good, I think, that most modem 
pnmers give it straight. 

One is impressed most of all by the 
range of beginners' texts. Besides the 
usual books about birds, mammals, in- 
sects, stars, snakes, flowers and fish, there 
are available for children under 12 suit- 
able pnmezs on embryology, weather, 
weights and measures, physiology, phys- 
ics, chemistry, anthiopology, geography, 
manufacturing, railroads, machinery, 
carpentry, cooking, geology and othei 
estimable subjects. 

Another clear gain resulting from 
modern educational theory is the ad- 
vance in visual teaching, reflected in the 
many colorful, ingenious illustrations to 
be found in the better childien s books. 
When text and illustrations are success- 
fully combined, there is almost no limit 
to the subject matter that can be effec- 
tively introduced at the younger level. 

The selections below are a fairly repre- 
sentative but in no sense a complete col- 


lection of the last few yeais 5 ciop. Not a 
few good books were omitted because of 
space limitations, otheis were not avail- 
able, and some, no doubt, aie unknown 
to me. Many books are included because 
they aie cm rent, not because they are 
good, some of oldei vintage are briefly 
lef erred to because they are lecent ic- 
pi mts of popular favontes 

Physical Sciences 

What Makes the Wheels Go Round, 
by Edward G. Iiuey. Reynal and 
Hitchcock, 1940 ($2.50). 
Understanding Science, by William 
FI. Ci ouse. Whittlesey Flouse, 1948 
($2.75). 

Modern Wonders and Flow They 
Work, by Captain Bun* W. Ley son. 
E. P Dutton and Co., 1949 ($3.50). 
The Sky Is Blue, by W, Maxwell Reed. 
Haicouit, Brace and Company, 1932 
($ 2 . 00 ). 

And That’s Why, by W. Maxwell Reed. 

Haicouil, Biace and Company, 1932 
j ($1.75). 

I'll Show You Flow It FIappens and 
If You Could See Inside. Both by 
Mane Neurath. Chanticleei Pi ess, 
Inc., 1949 ($1.50 each). 

You and Atomic Energy, by John 
Lewellen. Children's Press, Inc., 1949 
($1.50). 

Picture Book of Molecules and 
Atoms, by Jeiome S. Meyei Lotlirop, 
Lee and Shepard Co., Inc., 1947 
($ 2 . 00 ). 

The Story of Sound, by James Geral- 
ton. Harcourt, Brace and Company, 
1948 ($2.00). 

The Bright Design, by Kathenne B. 
Shippen. The Viking Press, 1949 
($3.50). 

Electronics for Young People, by 
Jeanne Bendick. Whittlesey House, 
1947 ($2.00). 

How Big Is Big?, by Flerman and Nina 
Schneider William R. Scott, Inc , 
1946 ($1.50). 

The reason for listing Mr. Fluey's book 
(foi childien of 10 and up), although it 
was published almost 10 years ago, is 
that nothing comparable has come along 
in the interval. It explains heat, light, 
electricity, magnetism, sound, inertia 
and friction, and such familiar objects 
as radios, telephones, locomotives, auto- 
mobiles, steam shovels, vacuum cleaners, 
ice cream cones, airplanes and rubber 
boots. There are effective illustrations 
and an index. For either classroom or 
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home it sets a sLinchucl by which io 
measure success! ns. Mr. Crouse und in- 
takes a similar task for lugh-school read- 
ers. Heie, of eoiu so, theie is more 
competition, including a number ot ac- 
ceptable school texts. Besides the usual 
topics, Crouse dcsciibes the operation of 
transformers, rocket and jel engines, 
radar, the atomie bomb and othei mod- 
em devices. The book is notable loi un- 
encumbeied wiitmg and illustrations by 
Jeanne Bench ck up to her customary 
quality. Captain Ley son's "modem won- 
ders” will give youi high-school son a 
pretty nanow view of what science is 
about, bombs, rockets, military jets, su- 
personic speed (“its diie potentialities”), 
guided missiles, robots, ladar, proximity 
fuze, space ships (“miliUuy value . . . 
dire possibilities”), and so on. 

The two Reed books (8 to 12) aie not 
to be compared with his Scienee-lor- 
Sam senes, reviewed below. In each case 
a no better than passable text and wholly 
inadequate illustrations make a dull 
package. Miss NeuratlTs little primers (7 
to 10) are completely gay and charming. 
Printed and designed m England, these 
volumes embody all that is desnable in 
the genie ol brief, elementary science 
stones, Til Show You How It Happen $ 
tells how fire makes an engine go, how 
shadows fall, how coal is made, how the 
turning of the earth makes day and night. 
The other volume piescnts beaulilully 
simple, cioss-seclional drawings ol such 
objects as a house, a lighthouse, a ship, 
a volcano, a pyramid and a wasp’s nest. 
It is a pity the books are so high-priced. 

The Schneiders' altogether admirable 
little volume answeis the many questions 
children (7 to 10) ask about size. By 
means ot a numbei ot comparisons (ele- 
phants with tices with skysciapers with 
mountains with the moon, earth and 
stars) children loam how small they and 
their parents really aie m relation to cer- 
tain other objects m the physical world. 
Then by reversing the scale (from man 
to dog to mouse to flea to a drop of water 
to algae and finally to atoms) they are 
enabled to gam full perspective and ap- 
preciate their true place m the hierarchy 
of size— midway, roughly speaking, be- 
tween the smallest and the largest of 
things. A delightful book. 

From Jerome Meyer’s picture book 
children ( 8 to 12) can learn about molec- 
ular structure, neutrons, protons, the be- 
havior of gases, fission, chain leactions 
and, to be sure, the atomic bomb (how 
could children get on without it). Not 
exceptional, but satisfactory. Despite the 
formidable advisory services of Glenn T. 
Seaborg, co-discoverer of plutonium, Mr. 
Lewellen's book on atomic energy misses 
fire. The illustrations do not quite fill the 
gaps In a text which is likely to leave 10- 
year-olds with a fresh set of confusions in 
place of ignorance. 

Mr. Geralton, a Harvard physics in- 
structor, writes literately for children of 
10 to 14 about pitch, frequency, reso- 


nance and olhei concepts ol the science 
ol sound; the illustrations are lively and 
gi aceful. This is still not a wholly satis- 
factory physics primer, mainly because 
neither text nor pictures arc sufficiently 
analytic. Complex things arc not taken 
apait so that the relationship between 
their elements can be understood. 

By means of a series ot brief, anecdotal 
biogiaphies, Miss Shippen describes (foi 
1 2-year-olds and oldei ) the evolution of 
electromagnetic theory. Somewhat su- 
perficial on the theoretical side, but skill- 
fully planned, well written and unusually 
success lul m conveying an impression of 
the grand design ot modern physics. In- 
adequately illustrated and ovei priced. 

The Bendick book is a revised leissue 
ol Electronics for Botjs and Girls An 
efficient, readable introduction, with 
praise due the small sketches, which are 
particularly helpful . 

Picture Book of Astronomy, by Je- 
lomc S. Meyer. Lothrop, Lee and 
Shepard Co., Inc., 1945 ($2.00). 
Introducing the Constellations, by 
Robeit IT. Bakei. The Viking Press, 
1942 ($2.50). 

When the Stars Come Out, bv Robert 
IT, Baker. The Viking Pi ess, 1944 
($2.50). 

The Stars for Sam, by \V. Maxwell 
Reed. IlarcourU Brace and Company, 
1931 ($3.75). 

Sun, Moon and Stars, by William T. 
Skilling and Robert S. Richardson. 
Whittlesey House, 1946 ( $2.75). 

The Stars in Our Heaven, by Peter 
Lum. Pantheon Books, Inc., 1948 
($3.75). 

The Stars for Children, by Gaylord 
Johnson. The Macmillan Companv, 
1949 ($2.00). 

The Book of Stars for Young People, 
bv William Tyler Olcott. G. P. Put- 
nam's Sons, 1923 ($3.75). 

This group is fairly representative of 
the many available introductions to as- 
tronomy suited to eveiy age level. It 
exhibits, also, the changes which have 
taken place in the last 25 years m educa- 
tional method and attitude, Mr. Meyer 
is an old hand at juvenile science and 
novelty books. His picture book (6 to 
10) is simply written and pleasantly 
illustrated. One would wish to see some- 
thing better for this age group but this 
work will do until then. 

Dr. Bakers two books (high-school 
level or even above if you don't mind a 
touch of condescension) are readable, 
well-designed and well-illustrated intro- 
ductions, deserving of their popularity. 
The scientific and historical materials 
are skillfully blended into a flowing nar- 
rative which is at once informative and 
entertaining. One recalls, m this connec- 
tion, that professional astronomers pre- 
dominate among the noted popularizers 
of science. 

Skilling and Richardson, aiming at a 
bright junior high-school and high-school 


audience, have pioduced an unassuming, 
highly palatable textbook, no disparage- 
ment being intended m the use ol that 
teim. The explanations are successful, 
there are helpful illusti ations and sug- 
gestions lor experiments, and the rela- 
tion between astronomy and other sci- 
ences receives proper attention. 

The Stars for Sam (any Sam over 12) 
is, m most respects, the outstanding book 
of its class. First-rate typography, over 
100 photographs, diagrams and line 
drawings, a clear, well-paced text (with 
only minor inaccuracies) make a leally 
exciting book which no child even faintly 
susceptible to astronomy ought to miss. 
One annoyance is that there is no index. 
As a supplement to any ol the loregoing 
books designed for the upper age groups, 
Lum's collection ol myths and fables 
about the stars, diawn from Roman, 
Greek, Chinese, Babylonian, Norse and 
Indian sources, is highly appropriate. A 
scholarly and solid volume; fascinating 
m not-too-largc doses. 

While Johnson and Olcott are both 
somewhat dated, in approach if not in 
information, they have merit and are not 
without charm. Olcott stresses the fables 
and the observational side ol aslionomy; 
Johnson has an inquiring Paul and Betty 
and a tireless, encyclopedic Uncle Hemy 
who composes poetiy, knows Latin, 
Greek, mythology and all about Cas- 
siopeia, Aquila and Delplimus. Perfectly 
harmless. 

The Land Renewed, by William R. Van 
Dei sal and Edward IT. Graham. Ox- 
ford University Press, 1946 ($2.00), 
Minerals, by Herbert S. Zim and Eliza- 
beth K. Cooper. ITarcourt, Biace and 
Company, 1943 ($3.00). 

The Earth for Sam, by W. Maxwell 
Reed. ITarcourt, Brace and Company, 
1930 ($3.75). 

Stories in Rocks, by Henry Lionel Wil- 
liams. Henry Holt and Company, 1948 
($3.00). 

A highly satisfactory collection of 
books about the earth sciences. The Van 
Deisal-Groham hook, with the help of a 
large number of admirable photographs, 
tells the story of soil conservation: how 
water, wind, greed and neglect have 
wasted the soil and what can be done 
about it. An important and readable es- 
say, suitable for teen-agers as well as 
adults. 

Minerals has the qualities usually 
found in the writings ot the prolific Mr. 
Zim. It is honest, direct, accurate and 
supported by apt illustrations. Recom- 
mended for the amateur collector of al- 
most any inert object to be found on the 
ground. Mr. Williams presents for the 
junior high-school age group a balanced 
introduction to historical geology, some- 
what less exciting than Reed's popular 
book but also less whimsical. Each of 
these volumes has its own attractive fea- 
tures. Mr. Reed’s is noted for the re- 
markable range of its illustrations, 
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though with successive printings the re- 
productions regrettably grow shabbier. 

Biological Sciences 

From Head to Foot, by Alex Novi- 
koff. International Publishers, 1946 
($ 2 . 00 ). 

How Man Discovered His Body, by 
Sarah H. Riedman. International Pub- 
lishers, 1947 ($2.25). 

Climbing Our Family Tree, by Alex 
Novikoff. International Publishers, 
1945 ($2.00). 

Egg to Chick, by Millicent E. Sel- 
sam. International Publisheis, 1946 
($ 1 . 00 ). 

A supeiior assoitment out of the 
Young World Book senes. Dr. Novikoff s 
account of our bodies and how they work 
(12 and up ) is filled with sound histon- 
cal and scientific information, freshly 
and interestingly told. Fox a beginning 
physiology it is remarkably compiehen- 
sive: circulation, blood corpuscles, di- 
gestion, neiwous system, hormones, re- 
production, genetics, metabolism and so 
on. Helpful pictures A liistoiy of physi- 
ology is the mam theme of Dr. Riedman’s 
story (12 and up), which runs from 
Harvey to Pavlov, and takes note, along 
the way, of the general development of 
scientific method and particularly of the 
relation between the progiess of physi- 
ology and advances m other sciences. 
Climbing Our Family Tiec ( 12 and up) 
is an excellent introduction to evolution 
The Selsam book (6 to 9) is nothing 
less than a tour de force. In 28 pages it 
recounts the changes that take place in- 
side an egg from the time it is laid until 
the bedraggled chick ciacks its way out 
and becomes, within a few horns, fully 
adept at managing its own life. 

A Baby Is Born, by Milton I. Levine and 
Jean H. Seligmann. Simon and Schu- 
ster, Inc., 1949 ($1.50). 

Intended to serve younger childien (6 
to 10) who can lead or be read to, as the 
authors’ well-known The Wonder of Life 
has served older children Sexual func- 
tion, reproduction, birth and the baby’s 
first months honestly and unsentimen- 
tally portrayed. Recommended. 

The Amateur Naturalist’s Handbook, 
by Vmson Brown. Little, Brown and 
Company, 1948 ($3.50). 

Just what the title says and very good 
too. A small, fat volume packed with 
facts and profusely illustrated. For any 
lovei or collector of plants, animals, rocks 
and minerals. A thorough index and 
bibliography. 

Lets Go Outdoors, Let’s Go to the 
Seashore and Lets Go to the 
Desert. All by Harriet E. Huntington. 
Doubleday and Company, Inc., 1939 
to 1949 ($2.50 each). 

Superb photographs and simple text 
make these among the outstanding na- 


tme books foi childien up to 9. Nothing 

better in the entire field. 

The Burgess Bird Book for Children, 
by Thornton W. Buigess. Little, 
Biown and Company, 1919 and 1948 
($3.00). 

Tra\ eling with the Birds, by Rudyeid 
Boulton. M. A. Donohue and Co., 
1933 ($2.00). 

Birds At Home, by Maiguente Henry. 
M. A. Donohue and Co., 1942 
($ 2 . 00 ). 

A Child’s Book of Birds, by Luis M. 
Hendeison. Maxton Publishers Incoi- 
porated, 1946 (50 cents). 

Listen to the Mockingbird, by Irmen- 
garde Eberle. Whittlesey House, 1949 
($2 00 ). 

Starlings, by Wilfrid S. Bronson. Har- 
couit, Brace and Company, 1949 
($ 2 . 00 ). 

Homing Pigeons, by Herbert S. Zim. 
William M oi row and Company, 1949 
($ 2 . 00 ) 



Rufous Redtail, by Helen Garrett. The 
Viking Pi ess, 1947 ($2 50). 

Birds: A Guide to the Most Familiar 
American Birds, by Herbeit S. Zim 
and Ira N. Gabiielson. Simon and 
Schuster, Inc., 1949 ($1.00) . 

Selected from an immense crop of 
books about birds, these are repiesenta- 
tive of the better efforts. Burgess (8 and 
up) is fine for children who like Burgess, 
Boulton and Henry are large-print pic- 
ture books, well colored; Henderson is 
very nicely and unassumingly done for 
younger children. The next few volumes 
are specialties, each of which will appeal 
either as natuie study cast in fiction form 
or, as in the case of Zim and Bronson, as 
introductory manuals of birdlore about 
particular species. (Eberle 8 to 12; 
Bronson 7 up, Zim 12 to 16, Gairett 8 or 
9 up) . Birds, a Golden Nature Guide, is 
a find. Real pocket size; clear, accuiate 
text; 112 color plates; packed with in- 
formation about the traits and habits of 
the most common birds of America. 
Everything about this delightful book, 
including the price, merits praise for the 


lllustiatoi, authois and publisheis. Indis- 
pensable foi bud watchers oi anyone 
who ever looks out of his window. 

The Insect World, by Hilda T. Haip- 
stei The Viking Press, 1948 ($3.00). 
The Grasshopper Book, by Wilfrid S 
Bionson. Haicomt, Brace and Com- 
pany, 1943 ($2.25). 

Insect Oddities, by Raymond Ditmais. 
J. B. Lippmcott Company, 1938 
($2.25). 

Each of these books is informative, 
accurate and intei estmg Haipster (12 
up) is general, telling about insect diet, 
habits, homes, aimoi, camouflage and 
the like; Bronson (8 up) and Ditmars 
(7 up ) are studded with the kind of de- 
tails childien and adults never tire of. 

The Sea for Sam, by William M. Reed. 
Hai court, Brace and Company, 1935 
($3.75). 

The Burgess Seashore Book for 
Children, by Thornton W. Burgess. 
Little, Biown and Company, 1929 and 
1948 ($3.00). 

The Gulf Stream, by Rutli Bimdze. 

The Vanguaid Press, 1945 ($2.50). 
Goldfish, by Herbert S. Zim. William 
Moi iow and Company, 1947 ($2.00). 
A good lot. Reed (10 to 11 and up) 
and Burgess (8 up) arc, ol com sc, 
stand aid, diflenng m appioach but both 
liked by childien. Reed, howevtu, takes 
m addition to maiine hie the sciences of 
waves, tides and eunenis. The Gulf 
Stream (9 to 12) is history and science: 
an unusual stoiy handsomely illustrated. 
Highly recommended Zim’s book not 
only tells a 7- oi 8-yeai-old eveiy thing he 
would evei want to know about goldfish 
but gives clear advice on how to build 
and maintain an aqiuuium 

The Burgess Animal Book for Chil- 
dren, by Thornton W. Burgess. Little, 
Brown and Company, 1920 and 1948 
($3 00). 

Farm Animals, by Doiothy Childs Hog- 
ner. Oxfoul Umvcisitv Press, 1945 
($3.50). 

The Animal Book, by Doiothy Childs 
Hogner and Nils Hogner Oxford Uni- 
versity Press, 1942 ($3.50). 

Friendly Animals, by Karl Patterson 
Schmidt. M. A. Donohue and Co., 
1947 ($2.00). 

Wildlife for America, by Edward 
H, Giaham and William R, Van Der- 
sal. Oxford Univeisity Press, 1949 
($2.50). 

Animal Tracks, Animal Homes and 
Animal Sounds All by George F. 
Mason. William Moirow and Compa- 
ny, 1943 to 1948 ($2.00 each). 
Horns and Antlers, by Wilfrid S. 
Bronson. Harcourt, Brace and Com- 
pany, 1942 ($2.50). 

Coyotes, by Wilfrid S. Bronson, Har- 
court, Brace and Company, 1946 
($1.75). 

Mice, Men and Elephants, by Herbert 
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S. Zim. Htu com t, Biace ancl Compa- 
ny, 1942 ($2.00). 

Rabbits, by ITeiboit S Zim. William 
Mon ow and Company, 1948 ($2.00). 
The older favontes hold their place; 
Buigess, with only lair color plates, is 
instinctive and simple; the Hognei vol- 
umes (12 to 16), The Animal Book m 
particular, aie thoiough, wide in scope 
and as handsome as anything to be found 
on hbraiy shelves. They cannot be leo 
ommended too highly. Fnendhj Animals , 
by the Cuiator of the Chicago Natmal 
Histoiy Museum, will do loi younger 
children. The mateiial is quite limited in 
comparison with the content ol Burgess 
oi ITognei. Graham ancl Van Dei sal have 
extended their conservation story from 
soil (see Physical Sciences) to wildlife. 
Striking photographs accompany a well- 
organized, convincing text. 

For 8-year-olds ancl up who enjoy na- 
ture study the Mason books oiler much 
that is useful as well as intiigumg. They 
describe how animals live ancl build their 
homes, the kind of footpnnts ancl other 
tracks they leave m mud or snow, their 
night noises, chaps, warning signals, 
songs and bellows. Even an alligator will 
lesponcl, says Mr. Mason, who is a sci- 
entist and artist on the stall of the Amen- 
can Museum of* Natmal Histoiy, to the 
sounding of B flat on a Kiench horn or 
'cello. Mr. Bronson’s writings (6 to 10) 
axe usually amusing, pleasantly j Uns- 
tinted and accurate. His genuine leelmg 
for animals cairies ovei in these, just as 
m Ins many other books. If your child 
likes and/or keeps (or thieatens to keep) 
rabbits, Mr. Zim’s book on the subject is 
a necessity. It will help preseive the lab- 
bits as well as your peace of mind Mice , 
Men and Elephants , while offering no 
advice on the maintenance of a back- 
yard elephant hutch, is an able account 
of the physiology of mammals m geneial. 
Photographs ancl text tell about poicu- 
pmes, cats’ wluskeis, mammaiy glands, 
the heart (it beats 39,420,000 times a 
yeai, excluding tense interludes), the 
brain, tempeiature controls, mating, sea 
elephants, ancl male skunks— who xeluse 
to help m raising their families. Recom- 
mended, especially to help patents 
thiough the question period. 

The Burgess Flower Book for Chil- 
dren, by Thornton W. Burgess. Little, 
Brown ancl Company, 1923 and 1947 
($3.00). 

Fruits of the Earth and Indian Har- 
vest. Both by Jannette Lucas and Hel- 
ene Carter. J. B. Lippincott Company, 
1942 ancl 1945 ($2.00 each) . 

Let s Learn the Flowers and Leaf, 
Fruit and Flower. Both by Marshall 
McClintock. Chanticleer Press, Inc., 
1948 ($1.00 each). 

Anywhere in the World, Bits That 
Grow Big and Up Above and Down 
Below. All by Irma E. Webber. Wil- 
liam R. Scott, Inc., 1947 ( $1.50 each) . 
Child’s Garden of Flowers and 


Child’s G vrden cm Vegetables. Both 
by Robert V. Masteis. Giconbcig; 
Publisher, 1949 ($1.00 each) . 

Big Tree, bv Marv and Conrad Buff, 
The Viking Press," 1946 ( $3 00 ) . 
Burgess has 113 illustrations in black 
and white, muddy color lepioductions 
and the usual assoitmenl of Peter Rab- 
bit, Meiry Little Breeze, Bubbling Bob, 
Blue-Eyed Glass, Bustei Bear, Mr. 
Giouse and other s. Nothing can be clone 
about it, the facts are accurate and young 
ehilchen aie perhaps less sensitive than 
die levicvver. For children ol 10 and up 
the Lucas-Cartei books aie just light, 
lorthnght and atti active. Chanticleei 
Press deserves success m the 6-to-10 
market; their photography books aie 
lively, with large type and satisfactory 
color rcpiocluctions. The prices aie sensi- 
ble. Dr. Webber’s books (7 to 11) are 
cai efully thought out. Her lllusti ations 
match a lucid text which by a hesh ap- 
proach conveys ideas usually thought to 
lie above this age group. Bits That Groio 
Big includes easy but valuable expeii- 
ments. Along this line the two Masters 
books (8 up) can also be recommended. 
Each contains five packages of Bui pee 
seeds with explicit directions lor indoor 
and outdoor planting and caie. The 
books themselves aie cheaply made, be- 
cause here the seeds are the thing. Once 
the directions are followed the manual 
can be discarded. 

Big Tree , die stoiy ol a Sequoia ( 10 to 
15), is a beaulilul book. It is a nairative 
simply told, elegant in illustration and 
design. Splendid foi any child’s library. 

Snakes Alive, by Clifford H. Pope. The 
Vilung Press, 1946 ($3.50). 

The best book of its kind. Everything 
that any amateur would want to know 
about snakes, their physiology, senses 
and intelligence, feeding habits, repro- 
duction, locomotion, defenses, venoms 
and so on. 

Social Sciences 

All About Us, by Eva Knox Evans, 
Capitol Publishing Co., 1947 ($2.00) . 
This Is The World, by Josephine Van 
Dolzen Pease. Rand McNally and 
Company, 1946 ($2.50). 

Let’s Read About Brazil, by Stella 
Burke May. The Fideler Company, 
1948 ($2.95). 

Let’s Read About China, by Cornelia 
Spencer. The Fideler Company, 1948 
($2.95), 

My First Geography of the Americas, 
by Arensa Sondergaard. Little, Brown 
and Company, 1946 ($1.75). 

My First Geography of the Pacific, 
by Aiensa Sondergaard. Little, Brown 
and Company, 1946 ($2.00). 

Sky Highways, by Trevor Lloyd. 
Houghton Mifflin Company, 1945 
($2.50). 

For all its whimsy, which is probably 
no worse for your child than are Captain 


Columbia Books 
for the scientific mind 


Most of the World 

RALPH LINTON, EDITOR. A report on the peo- 
ples of Africa, Latin America, and the East by 
14 social scientists. ”A wealth of up-to-date in- 
formation " — N. Y. Times . $5.50 


Reflections on Our Age 

UNESCO. A. H. Compton, Joliot-Curie, J, 
Needham, four other scientists and 16 famous 
names in the arts and education reflect upon 
our world. $4.50 


Economic Man 

C. REINOLD NOYES. A massive critique of 
social and biological science which places man 
in true relation ho his natural environment. 

2 vols. $15.00 


Heredity 

and Its Variability 

T D. LYSENKO. The famous Russian presents 
his case $ .75 


Art and Scientific 
Thought 

MARTIN JOHNSON. An investigation of dif- 
ferences and likenesses, by an expert in both 
fields. $3.00 


Genetics and 
the Origin of Species 

T. DOBZHANSKY. "A necessary book for all 
who are interested in recent developments of 
the theory of evolution." — Botanical Gaiette. 

$4.50 

Tempo and Mode 
in Evolution 

GEORGE G. SIMPSON. "Important contribu- 
tion to evolutionary theory," — American Journal 
of Science. $3.50 

Science and Freedom 

LYMAN BRYSON. "His views on the relation 
between science and freedom will challenge his 
readers . . ." — N . Y. Times. $2.75 

Systematics and the 
Origin of Species 

ERNST MAYR "Ranks with Darwin's Origin of 
Species . . — Current Science. $4.50 

The Nature-Nurture 
Controversy 

NICHOLAS PASTORE. 12 hereditarians and 12 
environmentalists dissected according to their 
social and political orientation. $3.25 

To order any of these 
books, write to Box 712 , 

Columbia University Press , 

2960 Broadway , N. Y. 27. 


COLUMBIA 
UNIVERSITY PRESS 
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Midnight and the like, All About Us is a 
civilized book based upon an excellent 
idea. Accessible to all but the youngest 
children, it tells how men are alike, how 
they difler and how secondary are the 
most obvious differences of race, color 
and cieed. A weapon against misinfor- 
mation and bigotry, this book should be 
required reading to piecede a child's in- 
troduction to the Bill of Rights. 

For preschool-age children, the Pease 
introduction to geography is among the 
best of its kind. The facts are intelligently 
selected and imparted with a simplicity 
which conceals a good deal of fore- 
thought and direction. 

The next two volumes are conven- 
tional geographies (8 to 12) full of un- 
objectionable facts, with slightly better 
than aveiage photographs. Part of a se- 
lies on Australia, Brazil, Alaska, Russia, 
India, and so on. 

Geography of the Americas has a 
minimum of words and an abundance of 
bright, charming sketches in full color, 
ships, bridges, trains, canals, machines, 
oil fields, forests, fruits, volcanoes, native 
costumes and maps. Perfect for 6-to-9- 
year-olds. Miss Sondergaard's book on 
^the Pacific (8 to 12) is another treasure. 
The subject matter is fascinating, the 
narrative clear and fluent, the colored 
illustrations superb. Easily the most orig- 
inal and successful geography primei 
that has yet appeared. 

Sky Highways (8 to 13) is a world 
survey from the air. You start m Wash- 
ington, fly to Brazil, across Africa to In- 
dia, then through Chungking, Siberia, 
Alaska, Canada and home. Really more 
about flying, weather and air routes than 
about what lies below Maps, diagrams, 
satisfactory writing. 

Technology 

The Chemical Industry, The Coal 
Industry, The Cotton Industry, 
The Electrical Industry, Fish 
Production, The Glass Industry, 
The Paper Industry, The Plastics 
Industry, The Petroleum Industry, 
The Rubber Industry and The 
Steel Industry. All by Josephine 
Perry. Longmans, Green and Co., 
1940 to 1947 ($2.00 each) . 

The Steel Book, The Glass Book and 
The Paper Book. All by William 
Clayton Pryor and Helen S Ionian Pry- 
or. Hareourt, Brace and Company, 
1935 and 1936 ($1.50, $1.50 and 
$ 1 . 00 ). 

Aluminum prom Mine to Sky, bv June 
Metcalfe. Whittlesey House/ 1947 
(12.50), 

- Copper, By June Metcalfe. The Viking: 

Press, 1946 ($2.50), 

Plastics and Rayon, Nylon and Glass 
Fibers. Both by the W.P.A. Pennsyl- 
vania Writers Project. Albert WHt- 
man and Co., 1945 (75 cents each). 

In the America at Work series Miss 
Ferry attempts, for grade-school-age 
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clnldien, a brief descuption ol the his- 
tory and technical piocesses of a num- 
ber of major mdus tries. The idea is good. 
The execution, unfoi tunately, has the in- 
spiration and tone of a stockholders' le- 
port. Miss Metcalfe's stories of aluminum 
and copper, on the other band, are ex- 
cellent. They recount the historical evo- 
lution of the two metals and give simple, 
well-illustrated accounts of the processes 
employed m mining, refining, metallurgy 
and manufactuie. On a moie elementaiy 
level, the Pryors in their photogiaphic 
picture books convey a gieat deal of 
accurate, understandable information 
about the modern methods used m the 
production of paper, gins* nv<\ 4.* 
brief, inexpensive htlie handbook 
signed for third- or fouith-gi 
dren, the W.P.A. Pennsylvania V' n 
Project science readers (there - • 
more them those reviewed v..^ 



straightforward, satisfactory intioduc- 
trons. The type is large and there are 
illustrations. 

Biography 

Young Audubon, by Minam E. Mason. 
The Bobbs-Mernll Company, 1943 
($1.75). 

Aleck Bell, by Mabel Cleland Widde- 
mer. The Bobbs-Merrill Company, 
1947 ($1.75). 

George Carver, by Augusta Stevenson 
The Bobbs-Merrill Company, 1944 
($1.75). 

Luther Burbank, by Olive W. Burt. 
The Bobbs-Merrill Company, 1948 
($1.75). 

Tom Edison, by Sue Guthndge. The 
Bobbs-Mernll Company, 1947 
($1.75). * " 

Robert Fulton, by Marguerite Henry. 
The Bobbs-Merrill Company, 1945 
($1.75). 

Ben Franklin, by Augusta Stevenson. 
The Bobbs-Merrill Company, 1941 
($1.75). 

' These volumes in a well-known series 
about noted Americans in many differ- 
ent fields are 9- to- 13-year-old-level biog- 
raphies, mostly anecdotal, concerned 
with the subject's life through adoles- 
cence, The last chapter is usually a sum- 
mary of his later achievements. They 
have a stereotyped, written-to-order fla- 


voi , but aie xeputed to be populai amomi 
parents. 

American Inventors and American 
Scientists. Both by C. J. Hylander. 
The Macmillan Company, 1934 and 
1935 ($2.50 each). 

Collections of biogiaphical notes 
about Bell, Morse, Fulton, Franklin, 
Ericsson, Remsen, Silliman, Newcomb, 
Agassiz, Millikan and many others. Fre- 
quently reprinted, these volumes, ad- 
cliessedto 12-to- 16-year-old readers, are, 
I suppose, adequate ol their soit: unas- 
suming, accurate, sprinkled with enter- 
taining details. The scientific explana- 
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substituted to advantage. 

Heroes of Civilization, by Joseph 
Cottier and Haym Jaffe, Little, Biown 
and Company, 1931 and 1947 
($3.00). 

An established favoiite, consisting of 
brief sketches of explorers (from Marco 
Polo to Amundsen), scientists (Copei- 
nicus to Einstein), inventors (Gutenberg 
to the Wright brothers), biologists and 
doctois (Harvey to Mendel). A very 
good book for hero-worshippeis. 

That Lively Man, Ben Franklin, by 
Jeanette Eaton, William Moiiow and 
Company, 1948 ($2.50). 

An uncommonly atti active and bal- 
anced account of the life of this remark- 
able man. It is written without conde- 
scension, with color and spmt, describing 
equally well the man, the scientist, the 
philosophei and the practical statesman. 
Highly recommended for readers up to 
13 oi so. 

Home Experimentation 

Fun With Science and Fun With 
Chemistry. Both by Mae and Iia 
Freeman. Random House, 1943 and 
1944 ($1.50 each). 

After-Dinner Science, by Kenneth M- 
Swezey. Whittlesey House, 1948 
($3.00). 

Experiments in Science and Experi- 
ments With Electricity. Both by 
Nelson F. Beeler and Frankly n Bran- 
ley. Thomas Y. Crowell Company, 
1947 and 1949 ($2 50 each). 

Let's Look Inside Your House and 
Lets Find Out. Both by Nina and 
Herman Schneider. William R. Scott, 
Inc., 1948 and 1949 ($1.50 each). 
Some children are born experimenters 
and others are not. Even among the 
great scientists there have been those 
who were all thumbs in the laboratory* 
A good home-experiment manual must 
-be based on a recognition of these wide 
differences in aptitudes and methods of 


learning, providing exercises that chil- 
dien can peilorm whether or not they 
are natmally skillful. The experiments 
should be simple, the directions explicit, 
the mateiials and equipment available 
around the house, the results non-incen- 
diary, non-destiuctive and non-lethal. 
The educational value of such books is 
almost self-evident, any interesting ex- 
periment will teach the experimenter 
moie about the natuie of science and 
how things woik than the most lucid text. 

Judged by these cnteria the two Free- 
man books ( 10 to 14) are ideal. With 01 - 
dmary tablewaie, nails, glasses, milk bot- 
tles, eoiks, maibles, paper, lubber bands, 
vinegai, baking soda, flashlight batteiies 
and the like, the junior Galileo or F ala- 
day can demonstrate the pi maples of 
meitni, the theoiy of heat, light, elec- 
tucity and magnetism, molecular struc- 
ture, the chemistry of combustion, the 
behavior of gases and so on. Directions 
and pictures are both fust-rate. Beeler 
and Branley piesent somewhat more ad- 
vanced experiments, especially in their 
book on elcctucity. Their program in- 
cludes diiections for making a bell, elcc- 
tiomagnet, barometer, an cannon (quite 
safe), periscope, telephone, fire extin- 
guisher and chaicoal. Simple and satis- 
factory. 

Mr. Swezoy’s book is supposed to 
amuse the family alter dinner. Besides 
the usual hannlcss (and some pointless) 
experiments, it describes others requn- 
mg eonsidei able eaie and skill, Sul June 
acid is not likely to impiove one’s cloth- 
ing, manganese dioxide is not found in 
every giocery cabinet, zinc filings mixed 
with carbon tetiachlonde over an open 
flame perched on the dining-room table 
will evoke no huzzas from motliei . After 
dinner perhaps, but m a laboratory and 
under expeit supervision. 

The Schneider books (6 to 9) relate 
practical, easy experiments to familiar 
phenomena encountered m- and out-ol- 
doors. The experiments are intended to 
answer such questions as why a teakettle 
smgs, why cold water pipes sweat, where 
waim ail goes, and how water flows up- 
hill by itself. Straightforward, soundly 
organized and unassuming 

Dictionaries and Encyclopedias 

Oxford Junior Encyclopaedia. Vol- 
ume I, Mankind, Volume III, The 

Universe, Oxford University Press, 

1949 ($10 00 each). 

If the promise of these first two vol- 
umes (all that are thus far published) is 
maintained throughout the set it will be 
regarded as a notable addition to the 
juvenile reference shelf. The articles on 
the whole are excellent and the illustra- 
tions, if not strikingly original, are satis- 
factory. The Oxford Junior Encyclopae- 
dia has been rather coolly received by 
some reviewers for the reason, among 
others, that it compares unfavorably with 
standard American junior encyclopedias. 


The comparison, however, is both uni air 
and inconclusive. The Oxford encyclo- 
pedia’s approach and flavor aie unmis- 
takably British; its scholarship standards 
aie high; it should be welcomed as a 
valuable companion to the best of its 
American countei p aits. 

Miscellaneous 

Child’s Book of Carpentry, by Jeanne 
Taylor. Greenberg: Publisher, 1948 
($2.50). 

Anyone, child oi adult, who wants to 
learn how to use nails, hammer and saw 
to bcltei pui pose than self-mutilation 
will be delighted with this book, Direc- 
tions, for a change, are really easy to 
lollow, the illustrations are adinnable, 
there aie ms line lions for making a boat, 
a bookcase, a footstool, a chest, a pic- 
ture frame and a chair— eveiything ac- 
cording to the soundest practice, 

The Big Fire and Riding tiie Rails. 
Both by Elizabeth Olds. Houghton 
Mifflin Company, 1945 and 1918 
($2.50 each). 

Two biilliantly illustrated stones (7 
to 12), the first a history of fit e-fight mg 
in a big city; the second, a lusloiy of 
lailroads in the U, S. from Oliva Evans’ 
Philadelphia Steam Wagon and Peter 
Coop ei’s Tom Thumb tlnough the pres- 
ent-day steam, gas tmbine, electric and 
Diesel locomotives. Distinguished chil- 
dren’s books, enthusiastically lecom- 
m ended. 

How Much and How Many, by Jeanne 
Bcndiek. Whittlesey House, 1947 
($2.25). 

Facts about weights and measures: 
pounds, inches, carats, ems, meters, 
hours, watts, banks, drams, degrees of 
temperature, f stops in photography and 
so on. Simply told and effectively illus- 
trated. 

Codes and Secret Writing, by Heibcit 
S. Zmn. William Morrow and Compa- 
ny, 1948 ($2.00). 

Position codes, code wheels, breaking 
codes, secret writing. Pig Latin, invisible 
ink and similar jiggery-pokeiy Not, 
stiictly speaking, a science book, but 
ceitam to interest youngsters with a bent 
foi mathematics and a taste— hardly con- 
fined to young children— f oi the hocus- 
pocus of seciecy. 

Tiie Story of Our Calendar, by Ruth 
Brmclze. The Vanguard Press, 1949 
($2.50). 

Astronomy, cartography and horology 
are among the arts and sciences which 
enter these pages for their historic con- 
tribution to the making of the calendar. 
Miss Brind ze answers such questions as 
why George Washington s birthday was 
changed, why we have leap year, how 
the calendar got its name. A fascinating 
story and a handsome book. 
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PHENOMENA, ATOMS 

AND MOLECULES 

IRVING LANGMUIR 

The eminent scholar, winner of the Nobel Prize 
and one of the country’s pioneers in atomic re- 
search, has set down in this volume^ many of 
his thoughts, observations and conclusions. 

PHENOMENA, ATOMS AND MOLE- 
CULES exists on two levels: The first section 
of the book deals with such general problems as 
"Science, Common Sense and Decency,” "Sci- 
ence Legislation,” "World Control of Atomic 
Energy.” 

The second part of the book deals with such 
technical, scientific problems as "Surface Chemis- 
try,” "Flames of Atomic Hydrogen,” "Forces 
Near the Surfaces of Molecules,” "The Evapora- 
tion of Atoms, Ions and Electrons from Caesium 
Films on Tungsten,” "The Condensation and 
Evaporation of Gas Molecules,” "Metastable 
Atoms and Electrons Produced by Resonance 
Radiation m Neon,” etc, #10.00 

Scientific Autobiography 

And Other Papers 

MAX PLANCK 

These last writings of one of the greatest physi- 
cists of our time include a fascinating story of 
his own personal and scientific development 

#3.75 

The World As I See It 

New Abridged Edition 

ALBERT EINSTEIN 

Contains some of the basic thoughts and con- 
cepts of the eminent physicist. Charming, witty, 
shrewd observations and intimate revelations of 
n great heart and mind. #2,75 


PHILOSOPHICAL LIBRARY, Publishers 

I 15 E. 4Qth St., Dept. 06, New York 16, N. Y. 
I (LV/n iltln uhlinnnii Ini uuliiwn/ itmilluneo,) 


BUHL POCKET MICROSCOPE 

A beautifully designed instrument built 
to highest optical standards. Easy draw- 
tube selection of 40 to 60-power magnifi- 
cation, valuable to physicists, chemists, 
botanists, biologists, metallurgists, geol- 
ogists, physicians, inspectors, hobbyists 
and experimenters of all kinds. 

Optical system has Huygens eyepiece; 
achromatic objective js corrected for 
spherical and chromatic aberration, giv- 
ing sharp, undistorted image throughout 
wide field Smooth action fine-focusing 
ad|ustment by means of Knurled microm- 
eter ring. Integral polished reflector, no 
special illumination or stand required 
Finished in handsome satin chrome and 
supplied with fine leather pocket case 
for field use Price— 8.50 postpaid. 


BUHL TRIPLET MAGNIFIER 

For the man who appreciates the finest, this compact 
14-power magnifier satisfies every requirement. Aplan- 
atlc cemented 3-element lens presents true, clear 
image to every edge of field. No distortion, no annoy- 
ing color fringes. Solid brass 
lens ceil folds into protec- 
tive case. Durable chrome- 
plate finish Price— $11^50 
postpaid 




Send Clieclt or Money Order Today 
Money Returned if not Satisfied 


Desk C-115 1009 Beech Avenue 

Pittsburgh 12. Pa, 

Makers of Fine Optical Instruments 
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7 x 58 

BINOCULARS 

MADE TO RIGID MILITARY SPECIFICATIONS 



These magnificent, imported 7x50 prism binoculars 
have the brilliant luminosity, precise clarity, and 
wide, undistorted field of view obtainable only 
with a good large glass Because 7x50 glasses give 
the highest performance obtainable they are now 
the official choice of the Army, Navy and Marine 
Corps. This is your opportunity to purchase a 
brand new 7x50 AT % OF THE USUAL COST. 
Lifetime construction Lightweight aluminum 
body Individual eye focusing Ultra-precise op- 
tics, sealed against moisture and dust Unques- 
tionably the greatest binocular value available 
anywhere Sold with a guarantee of satisfaction 
or money refunded. 

Price With Price With 

Regular Optics Coated Lenses & Prisms 

$36* $46* 

*Pfus 20% Federal Tax 
IMMEDIATE DELIVERY. WE PAY THE SHIPPING COST 
Catalog of Telescopes, Microscopes, 
Binoculars Free on Request, 

M jjjTi 


Dept, 12K, 24 W. 45+h St., New York 19, N. Y 



WAR SURPLUS BARGAINS 

ASSEMBLE YOUR OWN BINOCULARS 
Save More Than Vi Regular Cost 
GOVT’S 7x 50 
BINOCULARS 

Complete Optics, com- 
plete Metal Parts. Vew 
and ready for assembH 
V. e supply full instruc- 
tions 

METAL PARTS — Set in- 
cludes. alt Metal Parts— 
completely finished for 
assembly of 7 x “O- Bin- 
oculars. No machining* 
required* A sturdv Bin- 
ocular Currying: Case is 
optional with each set 
of Metal Parts 
Stock #842-5— S39 40 
Postpaid, plus S4 80 
for Case— Total 544,20 
OPTICS— Set includes all 
Lenses and Prisms you 

\ x 50 Binoculars These me m excel* 
' >rui * 1 1 ‘ >n— t> e i f ec t or near-perfect— and have new low 
reflection coating 

stock #5X02-5—7 X 30 Optics $25 OO Postpa.d 

{These are stand ud American-made parts . . . not Jap- 
anese, French or German.! 

ft If buy both Binocular Optics and Binocular 
Metal Parts, add UOCfe l edeial Excise Tax to abm e prices 

Also Gov*t 6 x 30 Binoculars. Write for Catalog “S” 

MOUNTED PROJECTION LENS— Speed P/1 D . FL 

V mm. S22.00 value for S7 50 Low Reflection Coated 
Lsed <>n 8 or 16 mm. Movie Projectors ... or to make a 
Best \ iewer or Fditor , . for 1 6 mm Micro-film Reader 
* \ for Contour Projector for very small items 
Stock =4045-5 ...57.50 Postpaid 

$1200.00 VALUE for $95.00 

SCISSORS TEL ESCOPE— Gives 100 tunes greater stereo- 
scopic power than the unaided eye Binoculai typo. Big 
field or mow. 12 power. Furnished complete with tnpod, 
mount and case Used by A^my and Navy for long distance 
etc Us( - id hut good condition. 
Camden, X. j i\\ eight approx. 79 lbs ■ 
Stock = 9S2-S.. ... ... S95 OO 

K1TS1— THE LENS CRAFTERS DE- 

for adults' Fun for children! Kits include 
written* Illustrated booklet showing how vou can 
of items Use these lenses in photo gt aphy 

U VT RA c .L 05E-UP SHOTS, aiiCTophOtogiaphv, 
— y ,. Ca mera’\ Kodaclirome Viewer, Detachable 
^ f 01 “ A5 mm. cameras, Steieoscooic 
enlarging focusing aids. And 
mmSSSSZJ « ll S es i Tl > experimental optics, building 

telescopes, lpw pots e r Microscopes, etc. 

f* 0 ** lenses.. .$1.00 Postpaid 

... 55.00 Postpaid 

Stock ?tl0-s— SO lenses.. $xo.oo Postpaid 

W* ha ** Vi t f, ra,l ^ la i ons of 1 WAR SURPLUS LENSES 

AND PRISMS FOR SALE AT BARGAIN PRICES 
Write for Catalog "S’*— SENT FREE! 

EDMUND SALVAGE CO. 

BARRINGTQN. NEW JERSEY 



Conducted by Albert G. Ingalls 

C onstruction of the world’s 

second largest telescope, 120 inch- 
es in diameter, will soon begin at 
the University of California's Lick Ob- 
servatory on Mount Hamilton, 45 miles 
southeast of San Francisco, with the help 
of $1,800,000 from the State of Califor- 
nia. When completed it will be second 
only to the California Institute of Tech- 
nology’s 200-mch some 400 miles to the 
south on Palomar Mountain. 

The design of this great leflector has 
been under way for three yeais. A 120- 
mch, 8,500-pound ribbed Pyrex mirror 
blank has now been received and tem- 
porarily stored. The first thing to be built 
will be the observatory dome, since the 
mirror is to be ground, polished and fig- 
ured within it, in a temporary optical 
shop located between the telescope foun- 
dation and the dome wall. This will make 
possible both horizontal and vertical test- 
ing of the mirror during polishing and 
figuring. 

A staff of engineers under the direc- 
tion of Senior Engineer Wilbert W. 
Baustian, formerly of Caltech, has car- 
ried out the design of the telescope. A 
massive 85-ton fork mounting will give 
access to the entire heavens at the lati- 
tude of Mount Hamilton The tube, 
similar m principle to that of the 200- 
mch, will be a welded structure of the 
open truss type, built of steel plate and 
tubing with square mid-section and 
round ends. It will, however, have much 
longer relative pioportions than the 200- 
inch, the mirror having a focal ratio of 
f/ 5 instead of the Palomar telescope s 
// 3 . 3 . 

The 120-inch has been designed and 
is bemg built to profit from Caltech's ex- 
perience with the 200-mch. The Pasa- 
dena institution has generously- made 
these data completely available to the 
Lick workers. On die advice of the build- 
ers of the 200-mch, die plan until a year 
ago was to make the 120-inch mirror of 
16-inch-diick solid glass. At that time 
the users of the 200-inch disk still re- 
garded its ribbed construction as experi- 
mental. The 200-inch had to be ribbed 
because the transmission of heat through 
a disk is retarded m proportion to the 



square of its thickness. The necessaiy 
equalization of tempeiature throughout 
a solid 200-mch disk 24 inches thick 
would be an insoluble problem, for the 
temperature of the atmosphere is always 
changing and the disk’s tempeiature 
would never catch up with it. With its 
ribbed constiuction the 200-mch mnror 
is only four inches thick m a temperatuie 
sense. It was held, howevei, that this 
kind of hmdiance to temperatuie equali- 
zation would not be too critical m the 
16-mch-thick solid disk recommended 
foi the Lick telescope 

After the 200-mch ribbed minor 
proved successful, however, the Lick de- 
signers bought the 120-mch ribbed Py- 
lex blank from the California Institute 
of Technology for $50,000. This blank, 
which has lecently been delivered, was 
cast at Corning, N. Y., m 1933 for con- 
veision into an optical flat foi testing the 
200-mch mnror. Other methods of test- 
ing were substituted, and the blank had 
stood unused in the optical shop at Pasa- 
dena for many yeais. Lick also bought 
the large grinding and polishing machine 
that was to have converted it into a flat. 

The 120-mch blank is nearly perfect, 
lemarkably homogeneous and uniform. 
On its fiont part, which is foui inches 
thick, the curve of the new minor will 
be excavated a maximum of IY± inches. 
The disk will then be perforated with a 
hole eight inches m diameter to afford 
passage of light lays from the secondaiy 
mnror back to the Cassegrainian focus. 

Difficulties that have long delayed the 
final completion of the 200-mch minor 
weie caused mainly by the fact that at 
no time during polishing and figuimg 
could it be tested in the same geneially 
honzontal position m which it is used in 
the telescope. For testing, it always had 
to be turned on edge. An irregularity m 
curvature— a high edge zone— was pur- 
posely not removed before the mnror 
was placed in the telescope, because 
theoiy indicated that when it was m 
horizontal position the bulge would sag 
out. When the mnror was placed in the 
telescope this theoiy pioved enoneous. 
Yet testing the 200-inch mirror in a hori- 
zontal position would have lequirecl the 
temporary construction above it of a 
125-foot tower, with insulation to pie- 
vent a change of temperature in the op- 
tical shop beneath it. At Lick the “tower" 
will be the 94-foot-high observatory 
dome itself, and this is why the dome 
must be built before work is begun on 
the mirror and mounting. Finishing the 
mirror within the dome will also permit 
its easy insertion in the mounting as 
often as required during that process. 

Perhaps the most arresting feature of 
the 120-inch telescope, as drawn from 
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Main shutter 
vide s aver 
the dome 


lower shutters 
follow the curve 
of the ,aome 


Oval observers 
cage at prime focus 

30 ‘X 50" 



THE DOME 


Approximate location 
Cassegrain and . 
Coude secondaries 

Tubular steel 
fvamework 


Pol* 

/* 

/focati 
/ Coude diagonal 

declination 
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Oil pads to 
take uplift 

Oi } pads to 
take thrust 

Hollow spin 
die for 
Coude' 
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THE TELESCOPE 

Jfa/fr*r4 -jfff 


8" hole in 
primary 
for Casse- 
grain focus 


Ri^ht ascension worm 
wheel, shown phantom 
to show oil pads 


120 INCH 
REFLECTOR 
LICK OBSERVATORY 

s-5 


The new 120*inch reflecting telescope for Lick Observatory 


40 Power 

ROSS STELLARSCOPE 

$JS 50 

Same Principle 
as Mt. Palomar 
Newtonian 
Telescope 

V Din plo I e , Is nock u d 
down, ieady to he as- 
sembled m 15 minutes 
All holes dulled, no 
.idditnm.il pints ueces- 
H«u,v ! Louses eoniplete- 
lv ground, polished 
and aluminized Sluu p, 
clear images gumun- 
teed , no colm ti luges, 
lu/z or (listen tiou 
Light, pm table, weighs only (5 lbs 
Not n toy! This ns a ptislsion Instuimont for 
soj nuts work on the Planets, Moon, Vuiiabte 
Stais, Nebulae, etc Also excel Jem for hiid 
studv and othei teireslnal observations. Thu 
nni.Lt cut will expand his book knowledge at 
.istionomy by actually teemv the heavenly 
wontluis 

The outlll contains every pint, optical and 
media nleal, needed to make the Htcllai. scope, 
except the tripod 

FULL INSTRUCTIONS, COM- 
PLETELY ILLUSTRATED WITH 
PHOTOGRAPHS, INCLUDED 
(INSTRUCTIONS ALONE 50c) 
All that is required to assemble this Ross Stel- 
larscope is a small screwdriver, also furnished. 
Nothing to buy! Send for your Ross Stellar- 
scope today 1 

KNOCKED DOWN 

Telescope (6 IbJ 515.50 

Tripod (3 IbJ 8,50 

STEAM ENGINE 

Min Int uru engine, 
ready tor steam j 
Strongly made of 
btonze, hums ami 
iron A pi artleal 
working model, 
made to ova el scale. 
Spc c if left lions ; 
Here '-jV' ; stroke V/u" , length of base II" .height 
V ' ; weight 2 pounds Finished lit red enamel with 
biass tihn Dein tins U HP. with 1.1 lb pres- 
ume. Suggested use. students, experimenters, 
display, aerating pump in tropical Halt tank, etc 
Fried $17.50 

STEAM BOILER 

Miniatuu* boiler oi T 
cast, bronze, end 
plates silver-sol- 
dered to 
brass tub- 
ing , sheet 
lion hous- 
ing Built to 
wit Ins land 
8 0 0 lbs. 

]> r c Shu i o. 

I) 1 m e n - 
slmis : H" x 
8" x 

Weight 4 

lbs. Fittings include safety valve, pleasure 
gauge, throttle, ronnerting steam pipe with 
oil vent, l pt of watei 2 lit s with steady pi ca- 
sino of 15 lbs. Uses 1 oi 2 Stcriio cans. 

Price $22.50 

MICROSCOPES 

The finest collection of used mi- 
croscopes All famous hi and names 
and staudnid sizes. Each is the 
onginal instrument in good con- 
dition with a new finish supplied If 
accessary. The lenses in most cases 
are the oiiguial ones or selected 
by us to give excellent linages 
Oculars aie new. Don't miss tills 
oppoitunitv to acquire a quality 
nuexosoope at an inexpensive price 

Ocular j U)v, objective 10s, objective 15,%-, mirror, 
50-450 powet $65.00 

Include Postage — Remit with Order 

Send 50c for Up-to-Minute Catalog 

HARRY ROSS 

MICROSCOPES 

Scientific and Laboratory Apparatus 
70 West Broadway, New York 7, N. Y, 







Your First Move 

AT THE FIRST SIGN 
OF CANCER . 

When you suspect cancer, see your 
doctor immediately* You may find 
your fears are groundless — or that 
prompt treatment can bring you 
out on top. Always be on the look- 
out for cancer's danger signals. 


/SerK 



particularly about the tongue, 
mouth or lips. 

2 . A painless lump or thickening, 
especially in the breast, lip or 
tongue. 

3 . Progressive change in the color 
or size of a wart, mole or birth- 
mark. 

4 . Persistent indigestion. 

5 * Persistent hoarseness, unex- 
plained cough, or difficulty in 
swallowing. 

6. Bloody discharge from the nip- 
ple or irregular bleeding from 
any of natural body openings. 

T. Any change in the normal 
bowel habits. 


MAIL COUPON 
FOR 

FREE BOOKLET 
THAT TELLS THE 
FACTS ABOUT 
CANCER 


• AMERICAN CANCER SOCIETY 

5 47 Beaver Street, New York 4. N. Y. 

I Please send me tree the booklet con- 
» taming vital Information about cancer. 

t Name 

» Address 

* City , State ...... 
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MAKSUTOV 

8 inch 

Photo -visual 
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Tinder., 
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slow motions to be 
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Cell for 
primary 
mirror, 
perforated 
for future 
Cassegrain 
attachment 


Broad head" s Maksutov telescope 


the original designs by Rogei Hayward 
(himself an amateiu telescope maker), 
is the huge and stocky fork with its angu- 
lar outlines. This was explained by the 
late Russell W, Porter “The fork form, 
which disturbs me, is due to the fact that 
it was impossible to compute the sti esses 
it curved lines were used; it had to be 
computed with straight sections.” 

The Lick pro]ect will lequne about 
four or five years for completion after 
actual consti notion is begun. Although 
the telescope is not the largest, it has at 
least as much claim to interest among 
telescope makers and users as the 200- 
inch telescope. The 120-inch probably 
will permit exploiation of the universe 
to a distance of 900 million light-years, 
and there is more than enough research 
to be done inside that limit of distance. 

I N 1944 the Russian, Maksutov, an- 
nounced in the Journal of the Optical 
Society of America his invention and 
patenting of a photographic and visual 
type of telescope that has become known 
as the “Maksutov,” more familiarly the 
“Mak.” Of the existing types of highly 
coirected photographic telescopes, the 
Mak most closely lesembles the Schmidt. 
It has a spherical primary mirror at the 
bottom of its tube and a correcting lens 
at the top; but the correcting lens, un- 
i like that of the Schmidt, is thick and 
[ deeply concave. In his detailed 15-page 


article Maksutov described its piinciple 
and suggested seveial interesting varia- 
tions on its central theme— the Her- 
schelian Mak, the Casscgiamian Mak, 
the Gregorian Mak, the brachyte Mak, 
and otliei s 

Norbert J. Schell of Beaver Falls, Pa , 
studied the Maksutov aiticle, selected 
the simplest type— the Newtonian Mak— 
and at this magazine’s invitation wiote 
articles, published m Octobei and De- 
cember 1944, m which he gave all the 
design data necessary for making a New- 
tonian Mak. At the same time this de- 
paitment organized a buyers’ club of ad- 
vanced amateurs to reduce the cost of 
molding and casting the thick blanks of 
glass necessaiy for making the meniscus 
correcting lens (concavity fj-mch deep) 
at the skyward end of the Mak. The 
Coming Glass Works built a temporary 
mold and made 24 of these special blanks 
of crown glass having a refractive index 
1.517 and a dispeision 64 5, each 8.2 
inches m diameter and lift inches thick. 
Then the mold was broken up and all the 
blanks weie sold. 

So fai as is known only two Maksutovs 
were completed among this group. In 
1945 Arthur DeVany of Des Moines, 
Iowa, made one for a- comet seeker. In 
October, 1947, G. Camilli of Pittsfield, 
Mass., described m Scientific Ameri- 
can the one he made and said of it: “The 
peiformance of the Mak well repays all 


60 


tlie woik put into it, the definition is 
much superior to that ol a simple re- 
flector.” 

Two other Maksutovs were also near- 
ly finished. One could not be brought to 
lull perlection and finally trailed oil into 
a state ol innocuous desuetude. The 
other, shown m the lllustiation on the 
opposite page, has been virtually com- 
pleted by Dave Broadhead ol Wellsville, 
NY. 

This is a Mak oi the inventor's “sim- 
plest and most fundamental system,” 
which is basically photographic but has 
a support for a Newtonian diagonal foi 
visual use. The latter can be substituted 
lor the film lioldei meiely by i caching 
through the hand hole m the side of the 
tube and replacing it with the film-holder 
support shown m the insei L sketch. These 
two supports may be exchanged by 
means of a wing nut that attaches them 
to the center ol the coi rector lens; there 
is no spidei . 

“Visually,” Broadhead says, “the Mak 
gives a won dei lul view and all that the 
eye can take; the exit pupil is a little 
larger than the pupil of the eye. The 
stars are shaip to the very edges of the 
field, a fact that psychologically increases 
the apparent field diameter.” 

Cncumslanccs forced Broadhead tem- 
porarily to set this telescope aside before 
it could lie completed by the addition 
ol a drive, but it is lar from a dead duck. 
Meantime it is hoped that a description 
ol it will reactivate those whose Mak 
meniscus corrector lens blanks are still 
unfinished, perhaps because they aie 
waiting to see how other Maks make out. 
Or perhaps they will agree to transfer 
these blanks to other owners who will 
convert them into the vital parts of Mak- 
sutovs. Such aspirants cannot now ob- 
tain blanks from the onginal source of 
supply; there is no mold. 

The drawing contains most of the de- 
scription of the Broadhead Maksutov. 
The cored aluminum fork, cast thin 
lioin a furnace in BroadhcatVs cellar 
shop (which is also equipped with lathe, 
shaper and the fundamental machine 
tools) , is a splendid featherweight exam- 
ple of skilled workmanship 

In his aiticle m the October, 1944, 
Scientific American, Schell pointed 
out the chief advantage to the builder of 
the Maksutov over the otherwise similar 
Schmidt: the Schmidt corrector plate 
has a shallow and irregular curve that is 
difficult to make, while the meniscus cor- 
rector lens of the Mak has two spherical 
curves that are much less difficult. Like 
the Schmidt, the Mak enjoys the advan- 
tage of a closed tube, with its accom- 
panying suppression of internal air cur- 
rents that damage good seeing; and like 
the Schmidt the Mak system is aplanatic, 
having neither spherical aberration nor 
coma. 

In the specifications worked out by 
Schell and followed by Broadhead and 
the others, the primary mirror at the bot- 


tom of the tube is made from a standard 
8-mch Pyrex telescope blank to a ladius 
of curvature of 65.856 inches. The cor- 
rector lens, .800-inch thick, has an in- 
ternal radius of curvature of 12.688 
inches, and an external radius 12.224 j 
inches. Primary and lens aie separated 
43.128 inches. As these precise measure- 1 
ments suggest, the Mak is scarcely a job 
for a novice. Letters from those who 
have worked on Maks, largely discussing 
suitable tests— Roncln and intei ference, 
mainly— aie available on loan to new 
workeis. 

In July, 1946, C. J, Tenukcst, R. 
Shader and II. Pmnock of New South 
Wales, Australia, described in The Jour- 
nal of the British Astronomical Associa- 
tion a 6-meli Maksutov built from data 
in the Maksutov article in the Journal of 
the Optical Society of America and m 
Scientific American. Foi the collector 
lens they used ciown glass of index 
1.51694 instead of 1.517, and also of a 
different thickness, and weie thus forced 
to recalculate the specifications, Their 
Mak was a success. “Remarkably small 
and shaip images of stars weie ob- 
tained,” they stated, “free from coma and 
color. Such images are haidly possible 
with reflectors even cm the most perfect 
night. The image of Jupitci was as shaip 
as if viewed through a first-grade refrac- 
toi, yet tlie bluish halo visible mound 
the disk with even the best glass was en- 
tirely absent. The image was crisp and 
colorless,” 

Slabs of glass at least 1% inches thick 
and having characteristics close enough 
to that specified by Maksutov (51 63641) 
may be available from American manu- 
facturers, though not m the approximate 
meniscus lorm cast by Corning, 

In his article Maksutov stated that he 
invented his telescope in August, 1941, 
and that it was patented in the U.S.S.R. 
on November 3, 1941. After the war, 
when Holland emerged from its waitime 
confinement, the Dutch optical designer 
A. Eouwers published in English his 
book Achievements in Optics (Elsevier 
Publishing Co., New Yoik) which de- 
scribed a telescope essentially identical 
with the Maksutov. With the secret co- 
operation of the Dutch patent office, 
Bouwers had patented this type of tele- 
scope July 7, 1941, or four months before 
Maksutov. It is now said that K, Penning, 
a Geiman, applied for a German patent 
on the same principle March 6, 1941. 

N. J. Schell has suggested that the 
closed-tube advantages of refractors 
might be obtained for all reflectors by 
the addition of a plane-parallel plate of 
glass at their skyward end. This idea has 
been advocated many times previously. 
It resembles the famous Hindu rope trick 
—everyone knows about it and everyone 
believes in it, but no example of its 
actual application has yet been found. 
The plane-parallel plate could be coated 
to reduce losses in light transmission due 
to the surfaces. 



; For the first time an instrument capable of 
< serious astronomical research is available 
! for less than $200 00 1 The Saturn 3 Inch 
Portable Refractors are precision made by 
1 the West's largest makers of observatory 
instruments, objective lenses are highest 
grade precision ground, achromatic f -15 
; crown and flint glass, all moving parts are 
precision machined 

Although the Saturn 3 Inch Refractor has 
a 45 inch focal length, the instrument is 
I easily portable, weighing less than thirty 

, pounds, including tripod 

> Saturn 4 Inch Portable Refractors from 
$345 00; larger instruments manufactured 
to order. 

Write for literature giving full Information 
on the Saturn Refractors. 


2528 Grove Street 
Berkeley, California 
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SCIENTIFIC AMERICAN 
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fessionals in science — this magazine is the peitect gift. At oui 
money-saving Christmas rates, no othei gift will be so well-appreciated 


-JL This Christmas (our second), we have made caieful preparations to fulfill 
your gift orders Use the coupon below (or postage-paid oider-toim facing 
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subscriptions with the Christmas issue 
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Readers interested in fiuthcr reading 
on the subjects covered htj articles in this 
issue may find the lists below helpful 
The lists are not intended as bibliogra- 
phies of soince material for the articles 
The references selected will provide sup- 
plemental if information 

THE NOBEL PRIZES 

The Life of Alfred Nobel. Heniik 
Schueek and R. Sohlman, W. Heuie- 
mann, Ltd,, 1929. 

The Nobel Prize-Winners and tiie 
Nobel Foundation, 1901-1 937. Edited 
by Thomas W. MacCallum and S, Tav- 
loi. Central European Times Publishing 
Company, Ltd., 1938. 

Nobel— Prize Donor Michael Ev- 
JanofiF The Blakiston Company, 1943. 

SUPERNOVAE 

The Absolute Photographic Mag- 
nitude of Supernovae W. Baade in 
Astro physical Journal, VoL 88, No. 3, 
page 285; October, 1938. f 

The Crab Nebula. W. Baade in As - 
trophysical Journal , Vol. 96, No. 2, page 
188, September, 1942 

TRANSFORMED CELLS 

Embryology. L. G. Barth. The Drv- 
den Pi ess, 1949. 

Transformations of Cells and Vi- 
ruses. Alexander Pladdow in Nature , 
Vol. 154, page 194, 1944. 

Epidermal Dedifferentiation Dur- 
ing Blastema Formation in Regener- 
ating Limbs of Tiuturus Viiudescens 
S. M. Rose in Journal of Experimental 
Zoology, Vol. 108, page 337, 1948. 

THE FUEL PROBLEM 

Major Sources of Energy. Eugene 
Ayres in Proceedings of the American 
Petroleum Institute, Vol. 28, No. 3, page 
109; 1948, 

Manufacture of Synthetic Gaso- 
line Nearing Commercial Applica- 
tion in U. S. Geoige Roberts, Jr. and 
J. A. Phinney m Oil and Gas Journal , Vol. 
45, page 72; March 15, 1947. 

Synthetic Liquid Fuels. Bureau of 
Mines Repoit of Investigations, No. 
4456, January, 1949 

VISIT TO POLAND 

Visit to Dublin Leopold Inf eld in 
Scientific American; October, 1949. 

Visit to England. Leopold InfelcI in 
Scientific American; November, 1949. 

OCEAN’S FLOOR 

Prospecting from the Air. Homer 
i Jensen and Eugene F. Peterson in Scien- 
tific American ; January, 1948. 

CRYSTALS AND ELECTRICITY 

Piezoelectricity. Walter G. Cady. 
McGraw-Hill Book Company, 1946. 
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